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INTRODUCTION 



1. INTRODUCTION 

Avocado (Persea americana Mill), is a subtropical fruit belonging to the family 

Lauraceae, native to Central and South America (Koller, 1992). It is an introduced fruit 

crop to India from Sri Lanka in the early twentieth century and is grown in a limited 

area scattered in the south central parts in Tamil Nadu, Kerala, Maharashtra, Karnataka 

and the eastern Himalayan state of Sikkim. The three races evolved in different climatic 

environments are Mexican race (Persea americana var. drymifolia), evolved in the 

highlands of south-central Mexico is adapted to tropical highlands (semitropical 

climate); Guatemalan race, P. americana var. guatemalensis is adapted to medium 

elevations in the tropics, prefers subtropical climate; West Indian (or Antillean) race P. 

americana var. americana is adapted to the lowlands and humid subtropics, grows in 

tropical areas (Litz et al., 2005). All the three races viz, West Indian, Guatemalan and 

Mexican have been adapted to the tropical and sub-tropical conditions in India. In 

Kerala, avocado is being cultivated mainly in high altitude regions such as Wayanad 

and Idukki districts and to a very limited extent in plains. Nair and Chandran (2018) 

mentioned that Pollock, Kallar Round, Purple Hybrid and Fuerte are the major cultivars 

that are being grown in Kerala. A large number of avocado genotypes are available 

which vary widely in terms of its biochemical and morphological attributes. Further 

seed propagation has resulted in considerable variability in biochemical and 

morphological attributes of fruits, besides tree characteristics (Augustine, 2020). 

Avocado fruit has widely varying morphological and physico-chemical 

properties and nutritional contents, but it is not common and familiar to most parts of 

Kerala. Natural dispersion of seeds and their subsequent growth into trees have resulted 

in considerable variability among genotypes found presently in Kerala. Due to the 

presence of numerous flowers in a smaller area and their peculiar mode of pollination 

(protogynous diurnally synchronous dichogamy), the avocado tree has wide genetic 

variability. Therefore, selection of superior nutritional and morphological fruit 

characters will be of immense significance from the consumer point of view. Studies 

revealed that there are more than 500 varieties in avocado, but most of them are not 

acceptable for commercial purposes due to different productivity problems, poor 

quality and commercial handling problems (Dorantes et al., 2004). Therefore, the 

identification and utilization of better varieties suitable for commercial purposes are 

necessary. A substantial quantity of avocado fruit is being wasted in many parts of 
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Kerala due to the lack of awareness on the health benefits of the fruit. But now, the 

demand for avocado is increasing which is evident from the data of total avocado import 

by India worth USD 140,000 in 2015-16 and worth USD 380,000 in 2016-17. In 2017- 

18, it increased by 70.33 per cent to USD 650,000 (Ians, 2018). 

 
Depending on cultivar and geographic location, dry matter, picking date, fruit 

size, and oil content are the major characteristics that determine avocado fruit maturity 

indices. Lee et al. (1983) mentioned that the oil content in the mesocarp with minimum 

value of 8 % can be considered as the best avocado ripeness indicator even though its 

determination is complex. So dry matter is the most widely used index which can be 

determined in simple, fast and safe method and it further depends on the fatty acid 

content. Burdon et al. (2017) mentioned that the traditional maturity index for avocado 

fruit is dry matter which determine the eating quality so that the mouth feels suf※cient 

oily rather than watery; however the appropriate physiological maturity is more 

associated with the preclimacteric period or the time taken to ripen. Pisani et al. (2017) 

mentioned that in practical, avocado fruits can be considered as mature when it stopped 

increasing size. 

Avocado is one of the most nutritive among fruits in the New World, known as 

„butter fruit‟ and „green gold‟. Avocado fruit pulp is rich in nutrients with an average 

amount of 17.34 g of fat, 2.08 g of protein, 2.72 g of fibre and 6.94 g of carbohydrate 

in 100 g of fresh pulp (Tucunduva, 2002). Avocado is a good source of essential 

nutrients such as protein, fat, vitamins, minerals such as calcium, potassium and iron. 

Also avocado oil contains monounsaturated fat which varies depending on the varieties 

(Orhevba and Jinadu, 2011). Being an important natural source of monounsaturated 

fatty acids with abundance of oleic acid and low content of saturated fatty acids, which 

lowers bad cholesterol (low density lipoprotein), total cholesterol and triglycerides in 

body (Salgado, 2005), avocado becomes an excellent source of beneficial fat (Ozdemir 

and Topuz, 2004). Oil extracts from avocado fruit pulp have similar fatty acid 

composition with that of olive oil, especially in oleic acid content (Mooz et al., 2012). 

Avocado is a climacteric fruit which matures on the tree but ripens only after 

harvest. Avocado must be mature enough to ripe properly which depends on the dry 

matter content, oil content and texture. Avocado can remain on the tree for months 

which can be utilized by commercial growers for better marketing; but if remained too 

 

2 



3  

long, get fallen off to the ground (FAO, 2002). The unique growth and development of 

avocado fruit, such as completion of maturation after harvest, followed by higher 

respiration and ethylene production leading to high perishability of the fruits under 

environmental conditions (Duarte et al., 2016). As avocado ripens within five to six 

days after harvest in ambient conditions and perish quickly, it results in huge post 

harvest loss by the rejection of fruits due to poor fruit quality standards. 

Munhuweyi et al. (2020) reported that shelf life of avocado can be extended up 

to 6 weeks with the retention of firmness under controlled atmospheric storage of 5–12 

oC; 95 % RH, 2–5 % O2 and 3–10 % CO2. Avocado fruit pulp is very sensitive to 

oxidative browning and even minimal thermal process would cause off flavour, 

bitterness and discolouration. Generally, freezing is also detrimental to the texture and 

flavour of the fruit, which can be turned to an acceptable product with application of 

quick freezing methods, along with pretreatment of acidulants such as ascorbic acid 

(Pauker et al., 1992). Addition of food additives such as sucrose improves overall 

quality of the product while compounds such as potassium sorbate and sodium benzoate 

have antimicrobial effect (Khan et al., 2014). Freeze drying attains 2.5 % lower 

moisture content than fresh sample and thereby, lowering water activity which curbs 

the enzymatic activity and microbial growth with the combined action of freezing and 

vacuuming (Owusu, 2011). 

The present study is focussed on characterisation of the horticultural traits, 

biochemical and nutritional attributes of avocado fruit accessions cultivated in Kerala, 

looking forward to identifying promising genotypes which could help in spread and 

subsequent utilization in processing sector. In this background, present study titled 

“Post harvest characterisation and management of avocado (Persea americana Mill.) 

was undertaken with the following objectives: 

1. Characterisation of avocado accessions 

2. Effect of shrink packaging and storage temperature on quality and shelf life of 

avocado 

3. Effect of food additives on quality of frozen avocado during storage 

4. Effect of food additives on quality of avocado pulp and avocado fruit powder 
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2. REVIEW OF LITERATURE 

 
2.1. Characterisation of avocado accessions 

2.1.1. Avocado accession 

Avocado (Persea americana Mill.) is the only fruit crop belongs to the family 

Lauraceae, which is being cultivated in tropical and subtropical climates. As a 

polymorphic tree, there are about 50 genera and 3000 species in avocado that referred 

to the three botanical groups or horticultural races. All the three races of avocado have 

been adapted to the tropical and sub-tropical conditions in India. Even though the agro- 

climatic conditions in India are favourable, avocado is not cultivating in any 

commercial plantations. It is grown in higher altitude regions such as northeastern state 

like Sikkim and in southern tropical states like Tamil Nadu, Kerala, Karnataka, and 

Maharashtra. In Kerala, the cultivation is mainly focussed in Wayanad and Idukki 

districts with higher elevations (Tripathi and Shanker, 2014). In Kerala the cultivation 

started in the late nineties in Regional Agricultural Research Station, Ambalavayal, 

Wayanad. Major cultivars reported as being grown in Kerala included Fuerte, Purple 

Hybrid, Kallar Round and Pollock and presently due to the peculiar flowering habit 

which promotes outcrossing and the seed propagation methods followed in avocado 

result in wide variability among the genotypes. Inadequate characterisation and 

identification of these genotypes result in the lack of awareness, improper utilisation 

and insufficient post harvest management of avocado. The main objectives of the study 

were to characterise avocado accessions collected from different parts of Kerala and to 

evaluate the effect of post harvest management practices and its potential for value 

addition. 

2.1.2. Characterisation 

Three horticultural races of avocado such West Indian (P. americana var. 

americana), Guatemalan (P. americana var. guatemalensis) and Mexican (Persea 

americana var. drymifolia) and its hybrids have been adapted to tropical and sub- 

tropical conditions in India. International Plant Genetic Resources Institute (IPGRI) 

provided descriptors for avocado based on its varying morphological characteristics of 

trees, fruits and seeds as a whole, which indicates the availability of widely varying 

avocado genotypes. 

Fruit shape may vary from round, pyriform or oblong, with varying fruit skin 

texture and colour. The skin of the fruit may be pliable to brittle, smooth to rough, and 



 

green-yellow, reddish-purple, purple, or black in colour. The fruit flesh colour close to 

the skin and seed varied from greenish yellow to bright yellow, respectively with 

buttery texture on ripening in good varieties, but in poorer cultivars may be fibrous. 

Avocado fruit weight ranged from 150 g to more than 1.50 kg (Ayala-Silva, 2019). 

Avocado has high nutritional density, rich in protein (up to 4%) and fat (up to 

30%), but low in carbohydrate, with similar fatty acid composition as that of olive oil 

having higher concentration of monounsaturated fatty acids. Thus it can be used as a 

safe energy source for diabetic and cholesterolemia patients. Avocado has high energy 

value besides being a reservoir of vitamins and minerals attribute to its high antioxidant 

potential and become a boon for patients with cancer, CVD and other chronic 

degenerative diseases (Tripathi and Sanker, 2014). 

The quality perception characteristics of avocado fruits can be determined based 

on its physical, biochemical and microbiological factors. Among the physical quality 

characteristics, size, weight and various visual specifications are considered as the 

important factors for fruit acceptance. The chemical factors include metabolic and 

nutritional profile of the fruits, from which the healthy consumption behaviour give 

importance to unsaturated fatty acids, antioxidants, etc. The fruit quality is determined 

by several pre-harvest and harvest factors and should be complemented with 

appropriate post harvest management practices, since at this stage fruit quality cannot 

improve but can be maintained (Ramírez-Gil et al., 2019). 

2.1.2.1. Horticultural traits 

Avocado is commonly called as butter pear because of its peculiar shape and 

the smooth texture of the pulp (Araújoa et al., 2018). 

Liu et al. (1999) reported that early fruit growth was affected by fructose, 

glucose and D-mannoheptulose accumulation. In avocado, larger fruit size is due to the 

carbon accumulation and storage in which soluble sugars are the important carbon 

source contributing to the increase in fruit biomass. There are many morphological 

diff erences among the varieties and the most prominent trait is the colour of the fruit 

peel during ripening (Yahia and Woolf, 2011). Maturation in the tree is determined by 

the percentage of dry matter, which is reversely proportional to the percentage of 

moisture (Araujoa et al., 2018). 

Avocado fruit weight varied from 120 g to 2.5 kg with smooth or rough surface; 

thin or thick skin; and pyriform, obovate, clavate or spheroid berry shape (Morton, 
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2004). Since avocado is growing in different tropical and subtropical regions and due 

to the cross pollination, fruits with diff erent shapes, ‼avours, textures, colours and 

smells are formed, resulted in numerous varieties. Most popular and marketing fruit 

varieties, Hass and Fuerte belong to Guatemalan-Mexican hybrid race (Litz et al., 

2007). Avocado fruits attained physiological maturity and remained on the tree for 

months until harvest and ripening happened only after harvest (Yahia and Woolf, 2011). 

Avocado is rich in high value oil of emerald green colour where higher oil content was 

reported in ripe fruit than the unripe fruit (Gatbonton et al., 2013). 

Avocado fruit is pear-shaped, oval or round, with nearly 7.5–33 cm long and up 

to 15 cm wide. Fruit skin or peel is yellow-green, deep-green or a very dark-green, 

reddish or dark purple coloured sometimes speckled with tiny dots. The skin or peel 

may have up to 1/4 inch (6 mm) thickness with smooth or pebbled, glossy or dull, thin 

or leathery, pliable or brittle in nature. Immediately beneath the skin, ‼esh is thin, soft 

and bright-green in colour, and to inner portion ‼esh is entirely pale to rich-yellow or 

nutlike in colour with buttery or pastose or watery texture (Araujoa et al., 2018). 

2.1.2.2. Biochemical characterisation 

Avocado is considered as the most nutritive fruit of the New World to human 

diet, which has high nutritional content with health bene※ts of unsaturated fatty acids, 

insoluble and soluble ※bres and proteins than many other fruits. Werman and Neeman, 

(1986) reported that maximum oil content as well as its oleic acid content were obtained 

in the peak ripening period. Avocado pulp contains moisture content of 67 to 78 %, 

lipid content ranging from 12 to 24 %, carbohydrate content from 0.8 to 4.8 %, protein 

content from 1.0 to 3.0 %, ash content ranging from 0.8 to 1.5 % and ※bre content of 

1.4 to 3.0 %. The most important nutritional factor is the lipid with monounsaturated 

fatty acids (predominantly oleic acids), which reduce the undesirable low-density 

lipoprotein (LDL) and increase the bene※cial high-density lipoprotein (HDL) in blood 

(Cowan and Wolstenholme, 2016). Avocado is one of the finest salad fruits. Currently 

there are many patented products of avocado pulp or avocado oil in foods, cosmetics 

and medical ※eld. But avocado is not considered as commercial fruit crop in India. 

2.1.2.2.1. Total Soluble Solids 

Total Soluble Solids (TSS) are one of the major biomass components in fruits 

during the early rapid development stage. Bower and Cutting (1988) mentioned that 

avocado fruit do not ripen on the tree and the reduction in sugar is a physiological 

prerequisite for fruit ripening. When the fruits are removed from the tree, the supply of 
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sugars from shoots reduced and initiated ripening. Liu et al. (1999) reported that TSS 

content lowered in ripe avocado fruit flesh during storage for 3 to 6 weeks at 1 and 5 

ºCthan the unripe fruits in ambient condition. It was observed that the unripe fruit flesh 

without storage and ripe fruit stored at 20 ºC had 10 % and 8 % TSS concentrations, 

respectively. Decrease in the TSS in ripe fruits might be due to the reduction in 

carbohydrates such as glucose, fructose, sucrose and other sugar compounds. When 

avocado fruits attain minimum maturity stage with about 20.80 % dry weight, flesh 

accumulates oil instead of TSS or sugar. 

2.1.2.2.2. Titratable acidity 

 
With the maturation of fruits, organic acids are metabolized into non-acidic 

compounds due to respiration and thereby reduced the acidity. Vinha et al. (2013) 

observed acidity of 1.07±0.02 % in fruit pulp of Algarvian avocado variety „Hass‟. 

Defilippi et al. (2015) reported that the organic acid profile of Hass avocado such as 

tartaric acid, malic acid, citric acid and ascorbic acid, decreased with the advance of 

ripening, which was predominantly due to the decrease of malic acid and can be 

correlated to the decrease of titratable acidity during ripening. 

2.1.2.2.3. Total carbohydrates 

In avocado fruits, a high energy input was required for the development of high 

oil content and large seed which was obtained from carbohydrates derived from 

photosynthesis (Wolstenholme, 1986). During fruit storage, reserve carbohydrates 

acted as an energy source for the respiration and ripening (Kozlowski, 1992). Liu et al. 

(1999) reported that decrease of carbohydrates in the avocado fruit peel and flesh from 

harvest maturity to ripe stage and during post harvest storage in cool chambers at 1 or 

5 ºC was due to the use of sugars for respiration as energy source. The decrease in 

carbohydrates such as glucose, fructose, sucrose and other sugar compounds resulted 

in the decrease in TSS of flesh during fruit ripening. Tesfay (2009) reported that 

avocado fruit edible portion contained C7 sugars predominantly D-mannoheptulose, an 

important antioxidant. 

2.1.2.2.4. Total protein 

USDA (2011) referred that protein content in avocado pulp was in the range of 

1 to 3 %. Oliveira et al. (2013) reported protein content in a range of 0.74 % and 1.9 % 

in eleven varieties of avocados such as Ouro Verde, Wagner, Campinas, Paulistinha, 

Fortaleza, Pedroso, Margarida, Hass, Fortuna, Quintal, and Reis. Algarvian avocado 
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var. „Hass‟ contained 1.82±0.07 % protein content as reported by Vinda et al. (2013). 

Tripathi and Shanker (2014) reported protein content of 1.35 % in the edible portion of 

avocado fruit variety TKD-1. Krumreich et al. (2018) reported about 1.7 ± 0.2 % protein 

content in avocado pulp of Breda variety. 

2.1.2.2.5. Total fat 

The avocado fat is similar to olive oil in composition which contributes to its 

importance in therapeutic purposes and for the preparation of cosmetics. Liu et al. 

(1999) reported that as fruit matured and slowed the growth, the amount of accumulated 

sugars decreased, which can be correlated with increase in oil deposition. Jorge et al. 

(2015) observed about 7.7 and 8.8 % oil yield in the fruit pulp of Margarida and Hass 

avocado variety. Krumreich et al. (2018) reported 16 % fraction of lipids out of 72 % 

pulp of avocado fruit. 

2.1.2.2.6. Vitamin C 

Decrease in vitamin C is associated to the postharvest conditions such as long- 

term storage, higher temperature, low relative humidity, physical damages and chilling 

injury of fruit (Lee and Kader, 2000). Ascorbic acid acts as a strong antioxidant in the 

lipid phase of avocado pulp (Soliva et al., 2002). USDA (2011) mentioned that 30 g 

and a half of avocado fruit contained about 2.6 mg and 6.0 mg of vitamin C, 

respectively. 

2.1.2.2.7. Calcium 

Cutting et al. (1992) reported calcium content in Reed avocado variety in the 

range of 8.9 to 13 mg/100g. Tripathi and Shanker (2014) reported calcium content of 

10 mg/100g in the edible portion of avocado fruit. Archana (2019) reported calcium 

content in avocado cultivars collected from Ambalavayal such as Fuerte, Purple Hybrid, 

Kallar Round and Pollock as 9.15, 9.15, 8.65 and 9.30 mg/ 100g, respectively. 

2.1.2.2.8. Potassium 

Potassium content in avocado is considered as highest in tropical and non- 

tropical fruits and vegetables and is twice than the potassium content in banana. USDA 

(2011) mentioned that 152 mg and 345 mg of potassium was presented in 30 g and half 

portion of fruit, respectively and in Hass variety, it was in the range of 405 to 507 

mg/100g. Archana (2019) reported potassium content in avocado cultivars collected 

from Ambalavayal such as Fuerte, Purple Hybrid, Kallar Round and Pollock as 343.33, 

393.00, 384.76 and 394.47 mg/ 100g, respectively. 
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2.1.2.2.9. Iron 

USDA (2011) mentioned iron content in Hass avocado variety in the range of 

0.39 to 0.61 mg/ 100g of fruit pulp. Tripathi and Shanker (2014) reported iron content 

of 0.6 mg/100g of edible portion of avocado fruit. Archana (2019) reported iron content 

in avocado cultivars collected from Ambalavayal such as Fuerte, Purple Hybrid, Kallar 

Round and Pollock as 0.403, 0.293, 0.283 and 0.320 mg/ 100g, respectively. 

2.1.2.2.10. Total ash 

Total ash content in the fruit is associated with the minerals composition of the 

fruit. Oliveira et al. (2013) reported it in the range of 0.83–2.40 % among eleven 

different varieties of avocado while Krumreich et al. (2018) reported low ash content 

of 0.6 % in the fruit pulp of Breda variety of avocado. 

2.1.2.2.11. Total phenols 

Phenolic compounds are bioactive compounds which act as the natural source 

of antioxidants that reduce free radical formation and scavenge free radicals (Heim et 

al., 2002). 

Lidster et al. (1986) reported the presence of high amounts of phenolic 

antioxidants in the mesocarp of avocado which was responsible for the browning of the 

fruit pulp. Tesfay (2009) quoted that the higher concentration of free phenols acts as 

antioxidants and improves the post harvest fruit quality and health benefit of the fruit. 

Krumreich et al. (2018) reported phenolic compounds in Breda variety of avocado as 

97.27 mg gallic acid kg
−1

. Archana (2019) reported total phenols content in avocado 

cultivars collected from Ambalavayal such as Fuerte, Purple Hybrid, Kallar Round and 

Pollock as 62.30, 63.23, 68.60 and 63.14 mg/100g respectively. 

2.1.2.2.12. Total flavonoids 

Vinha et al. (2013) reported flavonoid content of 21.90 mg/100g in Algarvian 

avocado (Hass variety in Algarve region of Portugal). Archana (2019) reported total 

flavonoid content in avocado cultivars collected from Ambalavayal such as Fuerte, 

Purple Hybrid, Kallar Round and Pollock as 18.37, 21.07, 18.13 and 20.73 mg/100g 

respectively. 

2.1.2.2.13. Fibre 

USDA (2011) referred about 1.4 to 3.0 % fiber in avocado pulp. Oliveira et al. 

(2013) reported it in the range of 2.95–8.15 % among eleven different varieties of 

avocado. Tripathi and Shanker (2014) reported crude fibre content of 1.8 g/100g of 
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edible portion of avocado fruit. Krumreich et al. (2018) reported low fiber content of 

1.6 ± 0.4 % in the fruit pulp of Breda variety of avocado while Daiuto et al. (2010) 

reported 1.62 % of ※ber in Hass variety. 

2.1.2.2.14. Oleic acid 

Oleic acid was found to be the most dominant fatty acid in avocado with 43.37 

% and 41.91 % yield in soxhlet extraction of freeze dried avocado pulp using hexane 

and ethanol, respectively (Gatbonton et al., 2013). Oleic acid helps to lower serum 

cholesterol levels and low-density lipoproteins in the human body (Gatbonton et al., 

2013). Owusu (2012) mentioned that oleic acid prevented stroke, breast cancer and 

lowers cholesterol levels in blood. In commercial avocado oil, highest concentration of 

oleic acid reported was about 73.88 g/100g (Jorge et al., 2015) and in Hass variety it 

was reported as 53.00 % (Donetti and Terry, 2014). 

2.1.2.2.15. Antioxidant activity (DPPH, ABTS, FRAP) 

Antioxidants can be defined as compounds that protect cells against the 

damaging effects of oxygenated and nitrogenated free radicals, formed in oxidative 

processes and it acts by inhibiting or decreasing the effects of free radicals which are 

responsible for triggering various types of chronic-degenerative diseases. Antioxidants 

can be obtained through food especially which is rich in vitamin E and C, carotenoids, 

phenolic compounds, etc. 

Avocado can be considered as a functional food with nutraceutical antioxidants, 

such as vitamin E or tocopherols, lutein and glutathione composition three times more 

than any other fruits. Antioxidants neutralize free radicals which damages heart and 

cells causing aging and cancer. Tesfay (2009) mentioned that antioxidant content was 

low in the mesocarp than that of exocarp and seeds during the growing period. In food 

containing fats and oils, autoxidation of unsaturated fats results in rancidity which can 

be prevented partially or completely by the addition of antioxidants such as ascorbic 

acid (Owusu, 2012). Fat-soluble vitamin E is one of the most important antioxidant 

which protects the membrane integrity (Munteanu, 2021). 

DPPH assay determines free radical scavenging activity of samples related to 

the hydrophilic polyphenols based on the antioxidant reaction with an organic radical. 

It is based on the neutralisation of DPPH radical by donating electrons from the 

antioxidants which is indicated by the discoloration of DPPH from deep purple to pale 

yellow at 517 nm. (Brand-Williams et al., 1995) 
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ABTS assay depends on the hydrogen atom donating ability of both hydrophilic 

and hydrophobic (fat soluble) compounds in which antioxidants in the sample reduce 

ABTS
+
 to stable compound in which potassium persulphate acts as the oxidant. Degree 

of discoloration of blue-green chromophore of ABTS
+
 is measured by the sudden 

decrease in the absorbance to 734 nm indicates the antioxidant activity (Benzie and 

Strain, 1996). 

FRAP assay is based on the ability of samples to donate electrons in order to 

reduce Fe
+3

-TPTZ complex to a blue coloured Fe
+2

-TPTZ complex. In FRAP assay, 

antioxidants with chelating property reduce Fe
3+

 to Fe
2+

 or ferricyanide to ferrocyanide 

to yield Prussian blue colour (Vargas-Ortiz et al., 2016). 

Wang et al. (2012) reported antioxidant activity of 60.29 % in Hass variety. 

Vinha et al. (2013) reported DPPH antioxidant activity of 23 % in the fruit pulp of 

Algarvian avocado, variety Hass. Krumreich et al. (2018) reported an antioxidant 

activity of 78.90 % in Breda variety. Zouheira et al. (2018) reported IC50 values of ten 

Hawaiian and Cameroonian avocado varieties by DPPH, ABTS and FRAP methods, 

which was in the range of 122.45 to 469.05 µM, 66.06 to 427.25µM and 56.04 to 253.23 

mM catechin equivalent, respectively 

 
2.2 Effect of shrink packaging and storage temperature on quality and shelf life of 

avocado. 

As a climacteric fruit with high rate of respiration and ethylene production, 

microbial attack and deterioration of colour and texture by endogenous enzymes are the 

major problems encountered in avocado post harvest management. Avocado is chilling 

sensitive, result in both flesh and skin damages at low temperature below 5 ºCand limit 

storage life. Modified atmosphere packaging and low temperature storage extend the 

shelf life of avocado by reducing the respiratory and metabolic activities and thereby 

reduce the ripening of fruits. (Spalding, 1976) 

2.2.1. Surface sanitisation by ozonisation 

Ozone treatment in the fruit preservation is gaining importance as part of 

reducing the harmful effects of chemicals and its residues. Ozone is approved as GRAS 

(Generally Recognized as Safe) substance and it preserves the fruit quality by killing 

decay causing and pathogenic microorganisms as well as control ripening by degrading 

the ethylene gas. Preservative effect of ozonisation is based on the oxidizing power of 

 

11 



 

highly reactive oxygen released from the unstable ozone molecules in water. Karaca 

and Velioglu (2007) elucidated the potential of ozone in destroying microorganisms, 

mycotoxin and pesticide degradation, maintaining the quality of fruits and inhibitory 

action on polyphenoloxidase, free of any residual effect. Trimble (2020) reported the 

significant effect of ozone treatment in reducing the ethylene production and respiration 

rate and reducing the avocado fruit loss to 2 to 3 % while the loss in control was 7 %. 

2.2.2. Calcium chloride (CaCl2) 

Fruits treated with calcium chloride were observed as microbiologically most 

stable along with reduced respiration rate and preserved mechanical properties (Yadav 

and Singh, 2014). Calcium chloride act as an osmotic agent which helps to increase 

firmness, preserve texture and prevent browning of fruit pieces during storage. Calcium 

chloride salts have texture reinforcement and cell turgor retention ability and minimised 

tissue damage during processing (Giannakourou et al., 2020). 

Minh et al. (2019) reported that post harvest infiltration of calcium chloride into 

avocado delayed ripening for 2-3 days and extended the shelf life with retaining 

constituents like ascorbic acid and maintaining sensory qualities like sweetness, colour, 

odour and hardness of fruit. 

Arlai et al. (2014) observed that okra blanched with calcium chloride solution 

at 0.5 % w/v for 90 seconds improved moisture and fat content and sensory qualities 

including hardness, crispness and colour. 

2.2.3. Shrink packaging 

Rao and Shivashankara (2015) reported that individual shrink packaging of 

mango cvs. „Alphonso‟ and „Banganapalli‟, stored at 8 ºCand ambient conditions 

extended the storage life, retained nutritional quality including antioxidants and 

maintained good surface skin colour, firmness and all organoleptic qualities in 

acceptable range. The fruits kept normal respiratory pattern with climacteric peak in the 

CO2 and ethylene production even after removed from low temperature and 

unpackaging. Kiharason and Isutsa (2019) mentioned that packaging of fruit had an 

important role in preservation by reducing the rate of moisture loss and inhibiting 

microbial growth by forming anaerobic environment. 

2.2.4. Polyolefin film 

Polyolefin films are high shrink force resisting films with extremely durable and 

versatile properties. Polyolefin films have high tensile strength and clarity facilitating 

high speed packaging with anti-fog formulations and reduce moisture vapour 
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transmission rate and can be customized according to the product. Shrink films are 

capable of enhancing the shelf life of perishable products and protecting the sensorial 

qualities like smell, colour, appearance etc. FDA approved it as food safe material and 

is durable and recyclable (St. Worcester, 2021) 

Alehegn et al. (2017) reported that avocado fruits packaged in plastic material 

had highest excellent preference on aroma, firmness, flavour, skin colour and better 

marketability with longer shelf life, higher pulp to peel ratio and lesser decay 

percentage and physiological loss in weight when compared to the packaging methods 

like carton (Corrugated Fibre Board), enset leaves and open ground (control). 

2.2.5. Storage temperature 

Avocado fruit stored in air for more than 30 days reduced the ripe fruit quality 

(Dixon, 2003) and as a chilling sensitive fruit, both ‼esh and skin disorders may occur 

at low temperature (Hofman et al., 2002). The combination of controlled atmosphere 

with refrigerated storage maintained good ripe fruit quality for 6-8 weeks (Burdon et 

al., 2008). Low temperature storage extended the shelf life of avocado by reducing the 

respiration rates, ethylene evolution, softening and colour change (Perez et al., 2004). 

As a climacteric fruit which ripens after harvest, storage temperature and 

storage time influence the post-harvest behaviour of avocado fruit. According to 

Honorio and Moretti (2002), the temperature for storage of avocado fruit varied from 5 

to 12 
o
C, while Chitarra (2005) reported that, it can be varied from 4.5 to 13 

o
C. 

According to Munhuweyi et al. (2020), low temperature storage (5–13 
o
C) had prime 

importance to extend the postharvest quality of avocado. 

Refrigeration can be considered as a quality preservation method which retards 

the speed of cell metabolism and fruit senescence. Avocado fruit cv. Hass stored for 4 

weeks at 5 ºC had sound fruit with overall better quality while fruit stored at 2 ºC had 

severe stem-end rot and brown patches and flesh discolouration (chilling injury) which 

were increased with storage durations (Dixon et al., 2004). 

According to Bhande et al. (2008), increase in post harvest life of fruits at low 

temperature storage attributed to the slowdown of respiration and decrease of enzymatic 

activities due to lower utilization of storage compounds. Meyer and Terry (2010) 

mentioned that exposing avocado fruit to a temperature lower than the critical threshold 

temperature of 10-15 ºC may cause irreversible damage to the cells resulted in pulp spot 

and chilling injury. 
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2.2.6. Shelf life 

Shelf life is the useful storage period of a food after which it develops 

characteristic undesirable changes in appearance, texture, taste and aroma due to 

biochemical reactions, microbial reactions, enzymatic browning and physical changes 

like loss of texture (Owusu, 2011). At optimum shelf life, the product can be considered 

as safe to consume, retains nutritional and sensorial qualities after which it is unfit for 

consumption without adequate sensorial attributes. 

2.2.7. Physiological Loss in Weight 

Chitarra (2005) mentioned that due to the combined effect of breathing and 

perspiration during storage, weight loss is inevitable for perishable products like 

avocados even under ideal storage conditions. Vieites et al. (2012) reported that loss of 

weight did not exceed 2 % of the initial fruit weight in cold storage while under ambient 

condition loss of weight was more amplified. 

2.2.8. Respiration rate 

The respiration rate of avocado fruit exhibited a typical climacteric pattern 

during storage. Since the primary function of respiration is the production of energy 

and metabolite intermediates, is a degradative process which lowers the storability of 

fruits. Vieites et al. (2012) observed a higher evolution of CO2 in avocado fruits stored 

at room temperature than those kept under refrigeration and the respiratory peak was 

noticed at 9
th

 day of storage. Pathirana et al. (2013) mentioned that the low O2 levels in 

the package inhibited the peak of respiration rate in which the respiratory peak was 

reported after 4 days of ambient storage and decreased the respiration rate afterwards. 

Alamar et al. (2017) mentioned that post harvest storage of avocado fruits exposed to 

controlled atmosphere storage (CAS) at 20 ºC reduced respiration rate and retained fruit 

firmness with some internal discolouration noticed after 7 days of withdrawal from 

CAS, while at 5 ºC fruit skin and flesh colour were retained more than control. 

2.2.9. Ethylene evolution rate 

Ethylene, a phytohormone, has pivotal roles in ripening and senescence of 

climacteric fruits. The ethylene evolution rate of avocado fruit exhibited a typical 

climacteric pattern during storage. Low O2 atmosphere influences post-harvest 

physiology and quality of fruit either directly or indirectly through altered CO2 and 

ethylene production rates (Kader, 1989). Pathirana et al. (2013) mentioned that the low 

O2 levels in the package suppressed ethylene production and delayed the peak of 
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ethylene by the inactivation of ACC synthase and reduced conversion of ACC to 

ethylene. Mendieta et al. (2016) reported that CAS resulted in more light, vivid, firm 

fruits with reduced rate of senescence and an extended shelf life of 2 days regarding the 

retention of firmness which is mainly due to the lower production of endogenous 

ethylene. 

Chilling injury symptoms in avocado can be reduced by storing the fruits in 

modi※ed atmosphere storage (MAS) with high CO2 and reduced ethylene concentration 

(Meir et al., 1997). Pesis et al. (2002) studied the effects of ethylene in avocado on the 

development of internal chilling injury (CI) symptoms during prolonged cold storage 

and observed that higher ethylene levels caused mesocarp discoloration, stem-end rot 

and increase in PPO activity. MAS reduce ethylene concentration around the fruit by 

the direct absorption of ethylene or elimination of ethylene forming reaction which 

leads to lower CO2 and higher O2 concentrations, thereby slow down the ripening 

process, reduce mesocarp discoloration and decay (Pesis et al., 2002). 

2.2.10. Texture 

Fruit firmness is the universally accepted measure of fruit ripeness or maturity 

which helps to determine the best picking time, and to monitor fruit ripening and 

softening of fruit during storage (Flitsanov et al., 2000). During ripening, fruits may 

soften and become too soft at the overripe stage. The changes in firmness can be 

detected by pressing on the fruit surface or by using devices like pressure analysers. 

Maximum force required to rupture the sample is measured by pushing a cylindrical 

metal probe into the sample to a given depth. 

Texture is an important quality attribute and sensory characteristic of the fruits 

which provides resistance to transportation shock, attack of microorganisms however, 

loss of firmness is inevitable during post-harvest. In Fuerte avocado, Vieites et al. 

(2012) observed that at room temperature the firm texture was decreased gradually 

while under refrigeration firmness was increased and drops only after the respiratory 

peak. Pisani et al. (2017) mentioned that the ripe avocado fruits attained an optimum 

firmness of 20-30 N which can be considered as one of the postharvest ripe fruit quality. 

2.2.11. Decay 

Skin pitting, scalding, water soaked areas, uneven ripening, blackening, off 

flavour development and decay were the external symptoms of chilling injury in 

avocado while internally it appeared as grey pulp, pulp spot and vascular browning 
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(Yahia and Woolf, 2011). Udara et al. (2019) mentioned that in avocado decay 

symptoms were predominantly observed as black spots in epidermis and black or brown 

discolorations of mesocarp. Pulp spot and chilling injury are common disorders in 

avocado stored under low temperature, which forms dark spots in the flesh and 

blackening around the vascular bundles after cutting or bruising implicating the enzyme 

polyphenol oxidase (PPO) (Munhuweyi et al., 2020). 

2.2.12. Post harvest disease incidence 

Avocado fruit quality during storage was mainly compromised by postharvest 

fungal diseases such as anthracnose and stem-end rot caused by Colletotrichum 

gloeosporioides and Lasiodiplodia theobromae, respectively (Bowen et al., 2018). 

During storage, fungi cause rots and blemishes to edible parts and reduced appearance 

and market value. Udara et al. (2019) mentioned that avocado was more susceptible to 

post harvest losses due to its smooth skin, higher rate of metabolism, respiratory rate 

and ethylene evolution rate after harvesting. Thus it became more susceptible to 

mechanical damages, chilling injury (CI), physiological disorders, decay and insects 

infestation. 

2.2.13. Biochemical evaluation 

 
2.2.13.1. Total Soluble Solids 

In avocado at minimum maturity stage, fruit flesh began to accumulate fats/ lipids and 

hindered TSS accumulation and decreased carbohydrate content in fruits (Liu et al., 

1999). While Kassim and Workneh (2020) reported that the increase in hydrolysis of 

carbohydrates stored within the avocado into soluble sugars may increase TSS and 

reduce shelf life of the fruit. 

2.2.13.2. Titratable acidity 

In Fuerte avocado, Vieites et al. (2012) observed that titratable acidity increased 

up to the respiratory peak and decreased thereafter and also noticed that the rise was 

faster under room temperature (24 ± 1 
o
C) than refrigerated condition at 10 ± 1 

o
C. 

Respiratory behaviour of avocado resulted in the reduction of titratable acidity in the 

fruits kept at room temperature (24 ± 1 
0
C) and refrigerated temperature (10 ± 1 

o
C) and 

90 ± 5 % relative humidity for 15 days. 
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2.2.13.3. Total carbohydrates 

Major total carbohydrates present in avocado consist of heptose sugar (D- 

mannoheptulose, and perseitol) and hexose sugars (glucose and fructose) which were 

used as carbon energy source for respiration and decreased subsequently during post 

harvest storage (Liu et al., 1999) 

2.2.13.4. Total protein 

Blakey et al. (2012) reported increase in soluble protein of Hass avocado from 

17.8 to 34.8 mg
−1

 g DW from day 2 to 16 with the increase in enzyme synthesis with 

the increase of ripening process. 

2.2.13.5. Vitamin C 

 
Anbessie et al. (2013) reported degradation of ascorbic acid with increase in 

storage time and temperature with a per cent retention of 70.3, 55.7 and 31.7 at 5, 10 

and 15 ºCafter ten weeks of storage. 

2.2.13.6. Total phenols 

Vieites et al. (2012) observed an increase in total phenolic compounds up to the 

respiratory peak and decrease with the senescence thereafter, for avocado fruits kept in 

both ambient and refrigerated storage conditions. The lowest total phenolic content 

were seen in fruits stored under refrigerated conditions. Pathirana et al. (2013) reported 

an increase in the total phenolic content of untreated avocados from 0.45 to 0.59 mg 

GAE/g DW over the storage period of 28 days while under cold storage total phenolic 

content significantly reduced in the avocado mesocarp. Celli et al. (2016) mentioned 

that general freezing technique has little deleterious eff ect on the phenolic content of 

fruits. 

2.2.13.7. Total fat 

Pathirana et al. (2013) reported that in avocado fruits (cv. Fuerte) stored for 2 

weeks at 20 
o
C, a significant decrease in unsaturated fatty acid and significant 

increase in saturated fatty acid and 2 % decreased in oleic acid were observed which 

could be related to the oxidative degradation of fatty acids. 

2.3 Effect of food additives on quality of frozen avocado during storage 

2.3.1. Quick frozen avocado slices 

Freezing process increases solute concentration and thereby damages may occur 

in cellular structures. Freezing crystallizes water in fruits, which constitutes about 85– 
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90 % and reduces water activity (aw), thereby retards biochemical changes, microbial 

growth and prevents nutritional loss during storage. In quick-freezing, the freezing 

process progress quickly from the surface to the centre until the centre of the fruit attains 

-18°C. Nikapitiya and Illeperuma, (2006) reported that avocado fruit slices spoiled after 

3 days in storage without any treatments while those in package of 0.05 mm and 0.075 

mm thickness with moisture absorber and stored at 8°C had shelf life up to 10 days. It 

is due to the potential of MAP under low temperature to reduce the rate of respiration 

and browning of the avocado fruit slices. Chassagne-Berces et al. (2010) reported that 

in apples, air-blast freezing caused least texture degradation while Shah et al. (2020) 

observed the maintenance of microstructure and physicochemical quality of litchi fruits 

under immersion freezing along with air-blast freezing, stored at −18 ºC for 6 months. 

In frozen fruit products, texture can be aff ected by volume expansion during 

freezing and recrystallization, causing damage to cell membranes during ice crystals 

formation and empty space development whereas fast freezing maintained the texture 

of frozen products. Souza et al. (2014) reported that samples after freezing had less 

hardness and compact structure by reducing the adherence with increased porosity and 

reduced density. During freezing, cells and tissues may be protected from damage. 

Rapid freezing reduces the loss of water from the cells and also reduces the cell wall 

damage due to smaller ice crystals (Dawson et al., 2020). 

2.3.2. Sucrose 

Sucrose is a non-reducing sugar with very low disaccharide bond energy and 

good potential in lowering water activity and higher moisture diffusivity 

(Giannakourou et al., 2020). 

Delgado and Rubiolo (2005) reported that sucrose pretreatment retained the 

tissue integrity of frozen strawberries during storage. Dermesonlouoglou et al. (2007) 

reported that in watermelon, osmotic dehydration reduced water activity and retained 

sensory characteristics similar to fresh product while the freezing and low temperature 

storage had signi※cant bene※cial eff ects on lycopene content, colour, texture, and 

sensory properties compared with untreated samples. 

Osmotic Dehydration (OD) is the preservation method which partially removes 

water from fruits and vegetables immersed in hypertonic solution of salt or sugar which 

improved the stability and quality of the perishable products (Khan et al., 2014). 

Ferrando and Spiess (2001) mentioned that in osmotic treatment plant material exposed 

to concentrated aqueous solutions of salt or sugar which resulted in osmotic pressure 
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and simultaneous release of water from the product and diffusion of solute to the 

product. Zzaman et al. (2020) mentioned that immersion pre-treatment increased solid 

gain and minimised the quality change in dried pineapple slices. 

2.3.3. Ascorbic acid 

As an antioxidant with reducing properties, ascorbic acid (vitamin C) within 

osmotic solutions was capable to avoid undesirable enzymatic browning 

(Giannakourou et al., 2020). 

Cortés-Rodríguez et al. (2019) mentioned the most commonly used additives as 

antioxidants in the preparation of guacamole include ascorbic acid and citric acid. Moon 

et al. (2020) mentioned ascorbic acid and citric acid as acidulants which are widely 

used as anti-browning agents in food. 

2.3.4. Preservatives (KMS, sodium benzoate, potassium sorbate) 

Preservatives are additives which enhances the shelf life of foods by acting 

against harmful microorganisms and preventing fermentation and spoilage without 

causing any adverse effects to the consumer. Different chemical preservatives that are 

recommended to use in food include antimicrobials such as sodium benzoate, potassium 

metabisulphite, potassium sorbate and antioxidants like ascorbic acid. Rashmi et al. 

(2005) observed that in 60 
o
Brix syrup with 0.2 % critic acid and 700 ppm KMS 

(potassium metabisulphite) was the best combination of preservatives for the storage of 

osmotic dehydrated pineapple slices. Krebs et al. (2014) mentioned that potassium 

sorbate retarded yeasts and molds growth in yogurt, cheese, wine, dried meats and 

dehydrated products while sodium benzoate had bacteriostatic and fungistatic effect 

mostly in acidic foods. Meera (2019) reported that the highest sensory mean rank in 

pre-treated avocado was observed in those treated with solution comprising KMS (0.25 

g), citric acid (0.1 g) and sugar (100 g). Rani and Tripathy (2019) reported that 

immersion pre-treatment of dried pineapple slices in potassium metabisulphite at 0.25 

% concentration maintained better quality characteristics. Kassim and Workneh, (2020) 

reported that LDPE package maintained high moisture content, delayed ripening by 

minimizing the changes in TSS and viscosity of wax coated avocado fruits. 

2.3.5. Subzero storage 

Lopez-Malo et al. (1998) filled the guacamole in vacuum sealed containers and 

stored under frozen condition at -22 
o
C. Dawson et al. (2020) reported that freezing to 

lower temperature of -18 ºCor below ensured long term preservation of peaches with 

higher sensory quality and nutritional retention. 
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2.3.6. Biochemical evaluation 

 
2.3.6.1. Total Soluble Solids 

Kassim and Workneh (2020) mentioned that storage period and conditions 

influenced the quality factors like TSS. It was observed that TSS increased over a 

storage period of 28 days which was faster at ambient conditions and slower in wax 

coated LDPE packed avocados stored in low temperature. Increase in TSS may be due 

to the hydrolysis of carbohydrates into soluble sugars. Shah et al. (2020) reported that 

lychee slices treated with 0.1 % citric acid and 0.05 % KMS along with 50 % glucose 

was observed with highest TSS content, which was decreased during the storage of 

three months in transparent glass jars. 

2.3.6.2. Titratable acidity 

Kassim and Workneh (2020) reported that cold storage treatments at 4.5 to 5.5 

ºC and 95 % RH maintained the quality of avocado such as acidity and improved shelf 

life and increase in the acidity was correlated with the avocado deterioration. It was 

observed that the increase in titratable acidity was faster under ambient condition (1.9 

to 11.5 %) than low temperature storage (1.7 to 7.5 %) and in LDPE packaged fruits 

had low titratable acidity than unpackaged fruits. Shah et al. (2020) reported that lychee 

slices treated with 0.1 % citric acid and 0.05 % KMS along with 50 % glucose were 

observed with highest acidity, which was increased during 3 months of storage in 

transparent glass jars. 

2.3.6.3. Total protein 

Fuster et al. (1994) reported increase in soluble proteins of frozen kiwi slices during 

frozen storage which was explained as the result of mechanical damage by the ice 

crystals in tissue. 

2.3.6.4. Vitamin C 

Vitamin C (ascorbic acid) is a temperature-sensitive as well as water-soluble 

vitamin. Forni et al. (1997) studied the effect of osmotic dehydration followed by air 

dehydration on the quality of apricot cubes, frozen at −40 ºC (air speed of 4 m s
−1

), and 

stored at −20 ºCfor 8 months. It was observed that discoloration and degradation of 

ascorbic acid depended on the pretreatment with sugar syrup, which lowered structural 

collapse and material density of the samples during drying. Mullen et al. (2002) 

observed that the vitamin C content decreased in fruits subjected to temperature 

‼uctuations before freezing rather than fresh and immediately frozen raspberries at −30 
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o
C. Shah et al. (2020) reported that lychee slices treated with 0.1 % citric acid and 0.05 

% KMS along with 50 % sucrose decreased the vitamin C content during 3 months of 

storage in transparent glass jars. 

2.3.6.5. Total phenols 

Ramirez-Martinez and Luh (1973) reported that frozen avocado packed in cans 

at 500 mm of Hg vacuum prevented the darkening for 3 months of storage at -26 ºCand 

became dark on exposure to air along with disappearance of extractable phenolic 

substances. De Ancos et al. (2000) reported that freezing had slight effect on the total 

phenolic content in raspberry. Dawson et al. (2020) reported that phenolic compounds 

subjected to oxidation during processing and storage, and loss of phenolic compounds 

was attributed to polyphenol oxidase (PPO) enzyme reactions. 

2.3.6.6. Total carbohydrates 

Wiley and Stembridge (1961) reported that starch content had significant effect 

in the texture of processed apple slices. Giannakourou et al. (2020) mentioned that 

osmotic treatment with low molecular weight carbohydrates did not significantly alter 

the sensory qualities of fruit tissue. Dermesonlouoglou et al. (2018) mentioned that 

osmotic treatment with disaccharides along with freezing had protective effect on 

proteins in the kiwifruit slices. 

2.3.6.7. Total fat 

Fat content in the fruit is based on the lipid metabolism, which may increase 

with the increase of temperature and heating time, resulted in high peroxide values in 

oils (Sarwar et al., 2016). Pauker et al. (1992) mentioned that oxidative deterioration is 

marginal in frozen avocado products and the stability of lipids in avocado could be due 

to the high contentof antioxidants such as tocopherols. It can also be enhanced by the 

addition of antioxidants like ascorbic acid, BHA or BHT. 

2.3.6.8. Peroxide value 

Pathirana et al. (2013) mentioned that peroxide value represented the formation 

of intermediate hydroperoxides, expressed in milliequivalents of active oxygen per 

kilogram of sample. It could be lowered by exposing the fruits in low O2 levels under 

low-temperature storage conditions. 

2.3.6.9. Polyphenol oxidase activity 

Palou et al. (2000) reported inactivation of PPO in avocado guacamole by 

lowering the pH to 4.3 by using citric acid. Woolf et al. (2013) reported that avocado 
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fruit slices treated with high pressure increased PPO activity up to 30 %, might be due 

to the high release of enzyme during cell membrane breakdown and mentioned that 

PPO enzyme was more stable at neutral pH (7) or slightly higher (8). 

2.3.6.10. Water activity 

Maltini et al. (2003) classified that osmotic dehydration formed high moisture 

foods (0.99 to 0.95), reduced moisture foods (0.95 to 0.85) or intermediate moisture 

foods (0.85 to 0.65) based on water activity. Kiwi fruits with initial water activity of 

0.990 ± 0.001 decreased in a higher osmotic (65 °Brix) solution which might be due to 

the increase in sugar concentration led to a lower free water availability and resultant 

reduction of water activity, in which low osmotic concentration allowed only slower 

rate of mass transfer (Brochier et al., 2019). Reduction in water activity minimized the 

microbial growth. The higher gain in soluble solids were observed in solution with 

higher osmotic concentration due to the counter diffusion of solutes in the osmotic 

solution to the food along with water diffusion. Ferrando and Spiess (2001) reported 

reduction in water activity from 0.952 to 0.891 of strawberry in sucrose solution which 

resulted in decrease of cell viability and also sugar concentration in the osmotic solution 

had significant effect on the membrane integrity. 

2.3.6.11. Microbial load 

Dekevich (2018) reported eight avocado related outbreaks and six recalls 

between 1998 to 2017 and 2010 to 2019, respectively which indicated its conducive 

properties for microbial growth such as high lipid and moisture content as well as low 

acid and carbohydrates content. The most commonly reported pathogens were 

Salmonella, Shigella and Listeria. Kassim and Workneh (2020) reported that LDPE 

package provided conducive environment for the microbial growth due to moisture 

condensation and loss of moisture from avocado fruit resulted in higher PLW. 

2.3.6.12. Organoleptic evaluation 

Kassim and Workneh (2020) reported that LDPE packaged avocado fruits under 

low temperature of 4.5 to 5.5 ºChad organoleptically appealing glossiness with higher 

percentage of marketability for 28 days of storage. Shah et al. (2020) reported that 

lychee slices treated with 0.1 % citric acid and 0.05 % KMS along with 50 % sucrose 

recorded highest sensory evaluation scores in colour, flavour, texture and overall 

acceptability, which was decreased during the storage of three months in transparent 

glass jars. 
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2.4. Effect of food additives on quality of avocado pulp and avocado fruit powder 

2.4.1. Process standardization for preparation and storage of avocado pulp 

2.4.1.1. Citric acid and ascorbic acid 

 
Ospina et al. (2019) reported that citric acid, as an antibrowning agent, was 

capable to protect the avocado puree by reducing the PPO and POD activity and 

reducing colour change over time under vacuum packing and frozen storage conditions. 

Minh et al. (2019) mentioned the effect of citric acid and ascorbic acid as an antioxidant 

on the stability and sensory quality of avocado powder. In the study, it was observed 

that as the citric acid concentration increased, antioxidant activity in terms of tocopherol 

content was also increased significantly. Mujaffar and Dipnarine (2020) suggested the 

use of ascorbic acid and citric acid to prevent avocado pulp discoloration. 

2.4.1.2. Preservatives 

Cortes-Rodríguez et al. (2019) mentioned that among the most commonly used 

additives, sodium benzoate and potassium sorbate added as important preservatives in 

the preparation of guacamole. 

Wali et al., (2012) observed that mango seabuckthorn blended pulp preserved 

with combination of potassium sorbate and potassium metabisulphite as well as sodium 

benzoate and potassium metabisulphite at 0.05 % concentration had obtained higher 

score for physico-chemical and sensory analysis. 

2.4.1.3. Vacuum packed LDPE 

Olaeta and Undurraga (1995) reported that better quality avocado pulp and 

slices was stored for 35 days by 40 % vacuum treatment in LDPE bags and it was 

concluded that a good preservation method of avocado pulp and slices was under cold 

storage in low density polyethylene bags using vacuum or modified atmosphere. 

Castaneda-Saucedo et al. (2014) reported that vacuum packed freeze dried 

avocado pulp became porous and lightweight without any compaction or oil exudation 

during storage indicating the absence of cell damage during freezing. Since there is no 

direct exposure to ambient oxygen, the loss of biological value of mono and 

polyunsaturated fatty acids by oxidation becomes less and enhances the oil retention. 

2.4.1.4. Glass jars 

Durrani et al. (2011) preserved osmotic dehydrated carrot candy in glass jars 

and LDPE pouches for 6 months. Durrani and Verma (2011) concluded that glass jars 

were better packaging material for murabba in maintaining its physicochemical 
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properties, microbiological stability and sensory qualities during the storage period of 

6 months. Hamid et al. (2017) reported that the quality of products retained significantly 

in glass jars under refrigerated conditions with minimum reduction in ascorbic acid, 

colour units, and other sensory qualities and increase in TSS, viscosity, pH, which was 

mainly due to the low thermal conductance, slower absorbance of heat and slower rate 

of chemical reactions. 

2.4.1.5. Ambient and refrigerated storage 

 
Owusu (2012) reported a shelf stability of avocado fruit spread for 47.50 days 

under refrigeration, otherwise which had short shelf life. Mujaffar and Dipnarine (2020) 

reported that products stored at 4 ºCwere microbiologically stable throughout the 

storage, maintaining all quality and sensory characteristics, but observed off-taste 

development in frozen avocado fruit pulp during defrosting due to tissue collapse. 

Araujo et al. (2017) mentioned that the passion fruit pulp had lower soluble 

solids and acidity under both refrigerated and cold storage with longer storage period. 

2.4.1.6. Pulp yield (%) 

Tango et al. (2004) reported that the avocado pulp yield was observed in the 

range 52.9 to 81.3 % of the fruit weight. Nair (2018) found the pulp yield ratio of 86.20 

% in Pollock, 75.40 % in Kallar Round, 75.11 % in Purple Hybrid and 71.30 % in 

Fuerte. Udara et al. (2019) mentioned that avocado fruit pulp content recovery was in 

the range of 52.90 to 81.30 % in which 25 % dry matter consists of lipids in major and 

carbohydrate in minor proportions. 

2.4.1.7. Total Soluble Solids 

TSS is a quality parameter associated to the texture and composition of fruit and 

in avocado, it predominantly includes soluble sugars formed by the conversion of 

carbohydrates during storage. Meera (2019) reported TSS content of 8 
o
Brix in avocado 

fruit spread added with KMS (0.25 g), citric acid (0.1 g) and sugar (100 g). 

Bishnoi et al. (2016) reported increase in TSS of strawberry fruit pulp during 

storage, which was most preserved in sodium benzoate at 500 ppm under low 

temperature storage. 

2.4.1.8. Titratable acidity 

Acidity influences the flavour, antimicrobial activity and the deterioration of the 

sample. Meera (2019) determined the acidity of avocado fruit spread added with KMS 

(0.25 g), citric acid (0.1 g) and sugar (100 g), in which highest value was seen in the 
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sample stored in polythene bags at ambient temperature (0.026 %) and lowest in glass 

bottle at refrigerated temperature (0.013 %). 

Bishnoi et al. (2016) reported increase in acidity of strawberry pulp during 

storage time, in a faster rate at room temperature than at low temperature, which might 

be due to the conversion of sugars into acids. 

2.4.1.9. Total protein 

Proteins are major constituent in fruits, which may not change more under low 

temperature storage (Sikora et al., 2013). Meera (2019) reported protein content of 3.1 

g/100g in avocado fruit spread added with KMS, citric acid and sugar in the proportion 

of 0.25:0.1:100. Jobil et al. (2021) formulated avocado fruit juice, with protein content 

ranged from 1.36 ± 0.32 to 6.13 ± 0.05 g/mL. 

2.4.1.10. Vitamin C 

Ascorbic acid or vitamin C is a major antioxidant in avocado which protects the 

mesocarp from discoloration due to oxidative stress (Tesfay, 2009). Pathirana et al. 

(2013) reported that total ascorbic acid content declined in avocado pulp under low 

temperature and low oxygen storage conditions. Meera (2019) reported that vitamin C 

content of avocado fruit spread added with KMS (0.25 g), citric acid (0.1 g) and sugar 

(100 g) was 7.32 mg/100g. 

2.4.1.11. Total phenols 

Accumulation of phenols in the fruit pulp enhances the antioxidant potential of 

the tissue and hence improves its quality as well as health benefit (Tesfay, 2009). Meera 

(2019) reported that total phenolic content of avocado fruit spread added with KMS 

(0.25 g), citric acid (0.1 g) and sugar (100 g) was 18.40 mg/100g. Ospina et al. (2019) 

reported that main deterioration of avocado pulp was the browning which occurred by 

the enzymatic reactions of polyphenoloxidase and peroxidase, using phenolic 

compounds as substrates and for oxidation, respectively. 

2.4.1.12. Total carbohydrates 

D-mannoheptulose and perseitol are the dominant sugar present in the avocado 

mesocarp, which have antioxidant potential. Meera (2019) reported carbohydrate 

content of 11 g/100g in avocado fruit spread added with KMS, citric acid and sugar in 

the proportion of 0.25:0.1:100. Marín-Obispo et al. (2021) reported that carbohydrate 

content in avocado pulp was inversely related with the lipid content. 
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2.4.1.13. Total fat 

Gatbonton et al. (2013) reviewed that the most appropriate and simplest method 

for the optimization of emerald green colour avocado oil and oleic acid was soxhlet 

extraction of freeze dried avocado pulp. Meera (2019) reported total fat content of 42 

g/100g in avocado fruit spread added with KMS, citric acid and sugar in the proportion 

of 0.25:0.1:100. Nasr and El-Hamid (2019) mentioned that high lipid content in 

avocado pulp resulted in oxidation, rancidity and subsequent off-flavour development 

and loss of quality during storage. 

2.4.1.14. Polyphenol oxidase activity 

The darkening of the fruit pulp when exposed to the air is related to the 

degradation of phenolic compounds by polyphenol oxidase enzyme (PPO) that 

adversely affect the appearance of the product (Salveti, 1997). Mesocarp discoloration 

or pulp darkening is due to the oxidation of o-diphenols to o-quinones, by PPO to form 

brown melanin pigments (Pesis et al., 2002). Vieites et al. (2012) reported a decrease 

in PPO activity in Fuerte avocado during the storage period at low temperature and 

higher values were observed for fruits kept at room temperature. Poor physical handling 

of avocado cause mechanical injuries such as bruises, abrasions and further cellular and 

tissue damages which hasten browning due to polyphenoloxidase activity (Munhuweyi 

et al., 2020). 

2.4.1.15. Peroxide value 

Peroxide value indicates the intermediate hydroperoxide formation which 

initiates oxidative reactions that lead to off-flavour development due to the primary 

degradation of autoxidation and are expressed as milliequivalents of oxygen per 

kilogram of oil. Kirk and Sawyer (1991) reported that peroxide value in between 20 

and 40 meq O2/kg oil in oily products caused rancid taste. The oxidative reactions 

during storage can be determined by analysing the peroxide value in the fat or oil by 

considering the aldehyde or n-hexanal content of the food (Owusu, 2012). Pathirana et 

al. (2013) reported peroxide values in the range of 1.66 to 7.33 meq O2/kg oil of fresh 

avocado pulp and detected off-flavours at 4.8 and 7.3 meq O2/kg oil. It was reported 

that slow increase in the peroxide value at 5 ºC and rapid increase at 20 ºC during 3 

weeks of storage. Jorge et al. (2015) reported that highest peroxide index of 5.54 meq 

O2/kg in Hass oil, where the international standard for crude, cold-pressed avocado oil, 

was 15.0 meq O2 active/kg oil (Codex, 2019). Ortega et al. (2013) reported a peroxide 

value of 3.79 meq O2/kg in the solvent extracted oil of Hass variety. Meera (2019) 
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studied the peroxide content of avocado fruit spread added with KMS, citric acid and 

sugar and the highest value was seen in the samples stored in polyethylene bags at 

ambient and refrigerated conditions (19.26 meq O2/kg) while lowest value in glass 

bottles at refrigerated condition (10.13 meq O2/kg). 

2.4.1.16. Water activity 

Water activity influences the mechanical properties as well as safety of the 

products since water activity in the range of 0.35 to 0.50 resulted in organoleptically 

unacceptable products while those with water activity of 0.60 would be 

microbiologically and biochemically stable. Low water activity indicates the low 

availability of free water for biochemical reactions as well as microbial growth (Dantas 

et al., 2018). 

2.4.1.17. Viscosity 

Rheological properties depend on the resistance of the fluid and its behaviour 

during flow which varies according to the temperature and composition of the material. 

Factors such as extraction, age, storage, degree of saturation and degree of oxidation 

affect viscosity of the sample. Lower value of viscosity indicated the higher levels of 

unsaturation (Ikhuoria and Maliki, 2007). Kim et al. (2010) reported that fatty acids 

with more double bonds or unsaturation have less rigid or fixed structure so that it 

became less tightly packed and less viscous. In a study conducted by Jorge et al. (2015) 

in avocado pulp, reported that the viscosity decreased as temperature increased which 

might be due to the weakening of intermolecular forces resulted in faster agitation and 

easier movement and flow. Freezing process reduced the mobility of liquid molecules 

and increased the viscosity of the interstitial ‼uid (Celli et al., 2016). 

2.4.1.18. Microbial load 

Microbial growth in a food depends on the intrinsic factors as the composition 

of food and extrinsic factors like its environment. In food rich in fats and oils, 

degradation of fats formed short-chain fatty acids resulted in rancid and unpleasant 

nature (Owusu, 2012). There have been avocado and avocado product associated 

outbreaks and recalls which were mainly due to the potential contamination with 

Salmonella and Listeria monocytogenes. In the study conducted by Meera (2019) in 

avocado fruit spread added with KMS, citric acid and sugar, bacterial colonies were 

present in all samples while yeast and fungal colonies were absent in sample stored in 

glass bottle under refrigerated condition. 
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2.4.1.19. Organoleptic evaluation 

Organoleptic quality is associated to the consumers‟ sensory perception and 

acceptance for ingesting a product which depends on the smell, taste, texture and visual 

aspects (Ramírez-Gil et al., 2019). Pathirana et al. (2013) mentioned that formation of 

hydroperoxide and further oxidation of oil caused rancidity and developed sour and 

rancid flavours of avocado pulp during storage. 

2.4.2. Optimization of process conditions for preparation of avocado fruit powder 

2.4.2.1. Avocado fruit powder 

 
In freeze drying, the change of state occurred during sublimation of water 

minimizes the loss of nutrients from the cell, it does not affect the nutritional properties 

of the products (Castaneda-Saucedo et al., 2014). Nair (2018) reported that yield of 

freeze  dried  avocado  powder  was  4g  from  100g  of  fruit  pulp.  Salazar  et  al.  (2018) 

observed that freeze drying increased the brightness (L*) of mango fruit powder. 

2.4.2.2. Maltodextrin 

Maltodextrin is a tasteless, odourless compound that considered as generally 

recognized as safe (GRAS) which is used as a drying agent as well as binding agent of 

flavour and fat. It increases solubility in water, bulking and film formation properties, 

reduces oxygen permeability of wall matrix and minimizes the stickiness of particles 

during freeze drying (Sansone et al., 2011; Caliskan and Dirim, 2015). The physical 

and chemical properties of maltodextrin had the potential to preserve nutrients in the 

powdered mixtures especially during the drying processes, independent to the 

conditions (Shishir and Chen, 2017). It consists of D-glucose units linked by α (1  →  4) 

glycosidic bond, formed by starch hydrolysis (Muzaffar et al., 2018). 

Jaya et al. (2006) mentioned that maltodetrin enhanced the non-stickiness and 

free flowing properties to the avocado fruit powder. Dantas et al. (2018) reported that 

higher maltodextrin content in avocado samples enhanced the brightness of sample and 

decreased green and yellow colour. Bio protective osmolytes such as maltodextin and 

other sugar molecules protected the components like protein from temperature and 

oxidation by keeping away from the surface. Maltodextrin retained the sensory qualities 

of fresh avocado fruit tissue with good potential for mass transfer and water activity 

reduction (Giannakourou et al., 2020). 
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2.4.2.3. Ascorbic acid 

Being a potential antioxidant, Olaeta and Roja (1987) used 0.8 % ascorbic acid 

in avocado fruit slices and pulp to prevent the enzymatic browning. Jaya et al. (2006) 

mentioned that the presence of organic acids imparted stickiness to the fruit powder due 

to high hygroscopic nature in amorphous state and lost free flowing property at high 

moisture content. 

2.4.2.4. Tricalcium phosphate 

Tricalcium phosphate improves flowability of high fat containing powders. 

James (1971) used 0.15 % tricalcium phosphate along with 25 to 40 % sucrose to 

produce desired free flowing guava and pineapple powder using vacuum drying. Jaya 

et al. (2006) elucidated the use of tricalcium phosphate as food grade anticaking agent 

to improve flowability and to inhibit caking tendency by increasing the sticky point 

temperature. 

2.4.2.5. EDTA 

EDTA preserved better initial avocado pulp lightness than ascorbic acid by 

preventing PPO enzymatic browning reactions due to the antioxidant property by 

chelating metals such as copper (Soliva et al., 2000). Guiamba and Svanberg (2016) 

mentioned the chelating effect of EDTA on inhibiting the enzymatic activity of PPO 

and protecting ascorbic acid from oxidative degradation to dehydroascorbic acid in 

mango puree. Ospina et al. (2019) mentioned EDTA as one of the commonly used 

preservatives to control the pulp browning in avocado puree. 

2.4.2.6. Potassium sorbate 

Sorbic acid is tasteless, sparingly water soluble preservative, effective even in 

weak acidic medium. Potassium sorbate is the very freely soluble salt of sorbic acid. 

Fernandes et al. (2010) reported that avocado puree added with antibrowning 

(ascorbic acid and EDTA) and antimicrobial agents (potassium sorbate) preserved the 

shelf life and reduced PPO activity and browning rate. Careli-Gondim et al. (2019) 

reported the fungistatic effect of potassium sorbate by inhibiting dehydrogenase 

enzyme reactions. 

2.4.2.7. Freeze drying 

Freeze drying/lyophilisation is a process in which water is frozen, followed by 

its removal from the sample, initially by sublimation (primary drying) and then by 

desorption (secondary drying) (Gaidhani, et al., 2016). It is an effective way for drying 
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thermolabile substances or substances unstable in aqueous solutions for prolonged 

storage periods without any adverse effects. 

Freeze-drying is a dehydration process, working with the principle of 

lyophilisation which separates water by sublimation under very low temperature (-40 

to -80 
o
C) and vacuum conditions. As an emerging alternative of food preservation, 

freeze-drying maximizes the conservation of taste compounds, non-volatile flavour 

compounds, volatile constituents in essential oils and protects thermolabile compounds 

like phenolics, sugars, tocopherols, chlorophylls and lycopene as well as the antioxidant 

activity while sometimes increased the content of trace (Cu, Fe, Mn and Zn) and minor 

(B, Na, Mg, P, K, Ca, Ni, Ge, Se) elements due to the reduction of water levels in the 

product (Castaneda-Saucedo et al., 2014). 

2.4.2.8. Bulk density 

 
Bulk density is the property of the product obtained after milling or drying, 

defined by the mass of solid particles, surface moisture and pores occupied in a unit 

volume. Products with high bulk density are easy to store in small containers when 

compared to low bulk density products (Quispe-Condori, 2011). Bulk density indicates 

the volume required to occupy the powder which is important regarding the packaging 

and transporting facilities and cost. Lower bulk density is related with the higher air 

occluded which would result in higher oxidation and reduced storage stability (Dantas 

et al., 2018). 

Nair (2018) reported the bulk density of freeze dried avocado fruit powder as 

0.285 kg/cm
2
. Pomegrante juice powder containing maltodextrin had high moisture 

content and high bulk density attributed to its bulking ability (Adetoro et al., 2020). 

2.4.2.9. Solubility 

 
Solubility indicates the time required for the powder to reconstitute or dissolve 

in the solvent. Higher solubility is more desired as it is easier to be reconstituted which 

would be more beneficial if the powder is used as an additive in a food product. Lower 

moisture content in the powder leads to crust formation during drying without any 

shrinkage which makes it easier to be dissolved in a solvent with shorter reconstitution 

time (Alissa et al., 2020). Solubility is an important characteristic of a powder 

indicating its wettability and dispersibility in solutions. Adetoro et al. (2020) observed 

higher solubility of 96.50 % in powder added with maltodextrin, which imparted 

crystalline nature to the powder. 
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2.4.2.10. Hygroscopicity 

Hygroscopicity is the property of a powder indicating the rate at which powder 

absorbs molecules of water from the surrounding atmosphere ascribed to its hydrophilic 

nature and determined its moisture content. Pomegrante juice powder containing 

maltodextrin had higher hygroscopicity of 10.20 % (Adetoro et al., 2020). 

2.4.2.11. Colour value 

 
Colour is an important attribute for visual acceptance of the product. Hunter 

colour values L*, a*, and b* were used as the indices for measuring the colour of fruit 

powder. L* values indicates the luminosity or brightness or lightness which was in the 

range of darkness to lightness (0–100). a* is a coordinate extending from −120 to +120 

representing greenness and redness respectively. While b* values represent with 

negative values for blueness and positive values for yellowness. 

The luminosity values for avocado fruit pulp stored at room temperature and 

refrigeration ranged from 88.5 to 80.8 and 84.5 to 88.8, respectively. At room 

temperature less negative a* values were observed which indicated the decrease of 

green colour in the fruit pulp. The yellow intensity, b* values were positive which 

indicated the presence of yellow component in the fruit pulp (Vieites et al., 2012). 

Castaneda-Saucedo et al. (2014) reported bright green colour to the freeze dried 

avocado pulp, indicated the presence of chlorophyll and absence of enzymatic or non- 

enzymatic browning. Although in thawing at room temperature chlorophyll started to 

degrade and formed pheophytin resulted in browning. Green colour of avocado was 

represented by a* value in the range of -6.5 to -3.7 (Dantas et al., 2018). Mujaffar and 

Dipnarine (2020) reported freeze dried avocado with green colour similar to fresh 

avocado puree with L*, a* and b* values of 82.93,-14.32 and 60.38, respectively. 

2.4.2.12. Total Soluble Solids 

Mujaffar and Dipnarine (2020) reported the total soluble solids of freeze dried 

avocado powder as 1.93 ± 0.03 
o
Brix and remained stable over 12 weeks of storage. 

Dilrukshi and Senarath (2021) reported that instant green smoothie freeze dried 

avocado powder added with maltodextrin reduced aggregation and increased TSS from 

8-12 % to 21-24 %. 

2.4.2.13. Titratable acidity 

Nair (2018) reported 5.95 % of acidity in freeze dried avocado fruit powder 

from cultivar Purple Hybrid collected from Ambalavayal in Wayanad district in the 
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first month of storage and it raised to 6.06 % in the second month and 6.20 % in third 

month. It was mentioned that acidity of the product influenced the spoilage rate. 

2.4.2.14. Total protein 

Proteins have low thermal stability, which may collapse at higher temperature 

but during freeze drying the rate of cold denaturation is too slow due to the increase in 

hydrophobic effects (Oyinloye and Yoon, 2020). 

Burdon et al. (2007) reported that the protein content in freeze dried avocado 

fruit powder was in the range of 1.50 to 4.50 g/100g. Nair (2018) reported about 3.80 

g/100g of protein in freeze dried avocado fruit powder from cultivar Purple Hybrid. 

2.4.2.15. Vitamin C 

Ceballos et al. (2012) reported that in freeze dried soursop with maltodextrin, 

higher ascorbic acid content was observed in slower freezing rates. As a water soluble 

vitamin with antioxidant potential, vitamin C is an important nutrient, which amounts 

to about 22.80 mg/100g in freeze dried avocado fruit powder obtained from cultivar 

Purple Hybrid collected from Ambalavayal in Wayanad district (Nair, 2018). Marques 

(2009) mentioned vitamin C content in the range of 31.53 to 32.63 mg/100g in freeze 

dried avocado powder of Hass variety. 

2.4.2.16. Total phenols 

Nair (2018) reported that the total phenolic content in freeze dried avocado fruit 

powder from cultivar Purple Hybrid was 7.66 mg/100g. Total phenols in freeze dried 

avocado powder obtained from varieties Pollock, Kallar Round, Purple Hybrid and 

Fuerte were reported as 51.73, 49.04, 48.00 and 46.4 mg/100g in the study conducted 

by Archana (2019). 

Hamid et al. (2017) observed slower rate of loss of phenols in refrigerated 

mulberry drink than ambient storage and more retention in glass bottles than PET, 

which might be due to slower rate of reactions and absorption of heat to the product. 

2.4.2.17. Total carbohydrates 

Nayak et al. (2008) mentioned that cell collapse during freeze drying resulted 

in the increase of carbohydrates in the powder. Nair (2018) reported 4.50 g/100g of 

carbohydrates in freeze dried avocado fruit powder from cultivar Purple Hybrid. 

Oyinloye and Yoon (2020) reported that carbohydrates vitrified easily during freeze 

drying and became susceptible to enzymatic reactions, but it remained as porous 

particle which determined the bulk density and compressibility of the powder. 
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2.4.2.18. Total fat 

Nair (2018) reported 53.00 g/100g of fat content in freeze dried avocado fruit 

powder from cultivar Purple Hybrid. Castaneda-Saucedo et al. (2014) mentioned that 

freeze dried avocado powder maintained porous light weight structure without any 

compaction and subsequent oil exudation. It was reported that freeze drying lowered 

linoleic fatty acid but it minimized the autooxidation of fat and maintained the colour 

of powder without any enzymatic browning. 

2.4.2.19. Peroxide value 

Peroxide value is used to determine the rate of initial degradation by lipid 

oxidation results in the formation of hydroperoxides. Peroxide value indicating the 

oxidation of fat and formation of lipid peroxides and hydroperoxides was reported as 

12.80 meq O2/Kg in the first month which increased to 14.20 meq O2/Kg in freeze dried 

avocado fruit powder of cultivar Purple Hybrid stored after three months in aluminium 

foil pouches (Nair, 2018). Cortés-Rodríguez et al. (2019) mentioned that oxidation of 

the avocado fruit tissue began from the initial processing operations such as pulp cutting 

and mashing by the direct exposure to oxygen and light. 

2.4.2.20. Water activity 

Udara et al. (2019) reported that freezing reduced the water activity and thereby 

controlled microbial activities by reducing the available free water and enzymatic 

activities by denaturing the globular proteins in enzymes. Moisture content of a powder 

is associated with its drying efficiency and it further related to the water activity. Lower 

moisture content can be correlated with the lower water activity which attributed to the 

storage stability and water activity below 0.87, 0.88 and 0.80 prevent the growth of 

microorganisms like bacteria, yeasts, and moulds respectively. Lower water activity 

hindered the agglomeration and caking of the powders (Adetoro et al., 2020). Dantes 

et al. (2018) reported that water activity below 0.60 in spray dried avocado powder with 

microbiological and chemical stability and it became organoleptically unacceptable at 

0.35 and 0.50 water activity. 

2.4.2.21. Microbial load 

Nair (2018) reported that the microbial count was absent in freeze dried avocado 

fruit powder of cultivar Purple Hybrid stored for 3 months in aluminium foil pouches. 

Dilrukshi and Senarath (2020) reported that even the unit operations of peeling, cutting 

and pulping were source of microbial growth, total microbial count was low in freeze 
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dried avocado smoothie powder as it became unsuitable for survival of microorganisms 

due to the lower water content. 

2.4.2.22. Organoleptic evaluation 

Freeze dried powder retains the nutritional and bioactive composition in more 

concentrated form with higher sensory acceptability and microbial stability, ensuring 

longer period of storage. Jakubczyk and Jaskulska (2020) compared fresh soup and 

rehydrated soup of freeze dried vegetable powder and it was observed that rehydrated 

soup obtained higher scores for all other sensory attributes except colour. 

2.5 Preparation of instant fruit shake 

 
Nair (2018) mentioned that fresh avocado milk shake yield high energy with 

HDL cholesterol, ideal for counteracting undernourished persons. From the sensory 

evaluation of fresh avocado milk shake with different proportions of fresh avocado pulp 

and equal quantity of milk and sugar, the highest mean scores for appearance (41.50), 

colour (38.05), flavour (37.90), texture (41.15), taste (40.80) and overall acceptability 

(34.40) were obtained in treatments with highest quantity of avocado pulp. 

Nair (2018) reported that among the sensory evaluation of avocado powder milk 

shake with different proportions of freeze dried avocado powder and equal quantity of 

milk and sugar, the highest mean score for appearance (41.35), colour (41.65), flavour 

(40.05), texture (40.90), taste (40.85) and overall acceptability (42.20) were obtained 

in treatments with least quantity of avocado powder. 

2.6. Cost analysis 

Cost analysis is used to determine the expenses require to develop a product and 

to sell it which includes purchase of raw materials, processing, packaging, storing, 

transporting and marketing charges. It helps to predict whether the product would be 

profit or loss. Economic feasibility has primary importance while developing a product 

which is based on the affordable prices and cost effectiveness (Meera, 2019). 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

MATERIALS AND METHODS 



 

3. MATERIALS AND METHODS 

The study was undertaken in the Department of Post Harvest Technology of the 

College of Agriculture, Vellanikkara under Kerala Agricultural University, during 

2018-2021. Fresh and mature avocado fruits of 27 accessions were collected from 

Ambalavayal in Wayanad district, located at 974 m above MSL and from Kanthalloor 

in Idukki district, located at 1525 m above MSL and one accession from Thrissur 

district (plains), located at 21 m above MSL, in Kerala. Accessions 1 to 14 were 

collected from Wayanad and accessions 15 to 26 from Idukki district and accession 27 

from Thrissur. The fruits were analysed for twenty five horticultural traits according to 

„Descriptors for Avocado‟ given by IPGRI (1995) and the biochemical and nutritional 

attributes were also quantified. 

3.1. Characterisation of avocado accessions 

 
Characterisation of avocado accessions was done according to „Descriptors for 

Avocado (Persea spp.)‟ by International Plant Genetic Resources Institute (IPGRI, 

1995) an autonomous international scientific organization operating under the aegis of 

the Consultative Group on International Agricultural Research (CGIAR). Twenty five 

horticultural traits were classified as given below (Plate 1). 

3.1.1. Horticultural traits 

 
3.1.1.1. Fruit shape 

 
Avocado fruit shape was classified as oblate, spheroid, high spheroid, ellipsoid, 

narrowly obovate, obovate, pyriform, clavate and rhomboidal. 

3.1.1.2. Fruit length [cm] 

 
Fruit length was measured as average of five fruits using meter scale. 

 
3.1.1.3. Fruit diameter [cm] 

 
Fruit diameter was measured at the broadest part in average of five fruits using 

meter scale. 

3.1.1.4. Fruit size uniformity 
 

Fruit size uniformity was classified as low, intermediate and high among the 

fruits. 



 

3.1.1.5. Fruit weight 

 
Fruit weight was measured as average of five fruits and expressed in gram. 

 
3.1.1.6. Fruit base shape 

 
Fruit base shape was classified as depressed, flattened, inflated and pointed. 

 
3.1.1.7. Fruit apex shape 

 
Fruit apex shape was characterized as deeply depressed, slightly depressed, 

flattened, rounded and pointed. 

3.1.1.8. Fruit apex position 

 
Fruit apex position was observed as either in central or asymmetrical. 

 
3.1.1.9. Ridges on fruit 

 
Ridges on fruit was observed as none (absent), partial and entire on the fruit 

surface. 

3.1.1.10. Gloss of fruit skin 

 
Gloss of fruit skin was observed in the range of weak, medium and strong. 

 
3.1.1.11. Pedicel position on fruit 

 
Pedicel on fruit was observed in central, asymmetrical, very asymmetrical and 

extremely asymmetrical in position. 

3.1.1.12. Fruit skin surface 

 
Smooth, intermediate and rough fruit skin surface were observed generally in 

avocado fruits. 

3.1.1.13. Fruit skin colour 

 
Fruit skin colour of ripe fruits was recorded with assistance of Royal 

Horticultural Society (RHS) colour chart and was characterized as light green (green 

group 142A), green (green group 141B), dark green (green group 135A), yellow 

(yellow-green group 154A), red (orange-red group 30C), purple (purple group 79C), 

black (black group 202A) and speckled. 
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3.1.1.14. Fruit skin thickness (Average of five observations per accession) 

 
Fruit skin thickness of average of five observations per accession was measured using 

vernier calliper and it was noted in the range of 1 to 3 mm. 

3.1.1.15. Pliability of fruit skin 

Avocado fruit skin thickness were characterized as either pliable or brittle. 

3.1.1.16. Adherence of skin to flesh 

Adherence of skin to flesh was classified as slight, intermediate and strong. 

3.1.1.17. Colour of flesh next to skin 

Colour of flesh next to skin of ripe fruits was recorded with assistance of Royal 

Horticultural Society (RHS) colour chart and was characterized as ivory (yellow group 

4D), light yellow (yellow-green group 154D), yellow (yellow group 6B), deep yellow 

(yellow group 7A), light green (yellow-green group 145A) and green (yellow-green 

group 144A) . 

3.1.1.18. Colour of flesh next to seed 

Colour of flesh next to seed was recorded with assistance of Royal Horticultural 

Society (RHS) colour chart and was characterized as ivory (yellow group 4D), light 

yellow (yellow-green group 154D), yellow (yellow group 6B), deep yellow (yellow 

group 7A), light green (yellow-green group 145A) and green (yellow-green group 

144A). 

3.1.1.19. Flesh texture 

Flesh texture was characterized as watery, buttery, pastose (doughy) and 

granular. 

3.1.1.20. Sweetness of flesh 

Fruit flesh was characterized with low, intermediate and high sweetness. 

3.1.1.21. Bitterness of flesh 

Fruit flesh was characterized with low, intermediate and high bitterness. 

3.1.1.22. Fibre in flesh 

Presence of fibre in tasted flesh of ripe fruits was classified as low, intermediate 

and high. 

3.1.1.23. General taste of flesh 

General taste of flesh of ripe avocado fruits was characterized as very poor, 

poor, fair, good and excellent. 
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3.1.1.24. Degree of discolouration of open fruit after 4 h 

Degree of discolouration of cut opened fruit after 4 h was observed in the range 

of low, intermediate and high. 

3.1.1.25. Colour of discolouration 

Fruit flesh discoloration of cut opened fruits were characterized as blue, brown, 

grey and black. 

3.1.2. Biochemical characterisation 

 
3.1.2.1 Total soluble solids 

 
Initially, the refractometer is tested for accuracy with the help of distilled water, 

by looking through the eyepiece with the projection inlet facing towards the light. Brix 

reading is taken where the light and dark areas meet on the scale. Total soluble solids 

of avocado fruit samples were measured using a digital refractometer (ATAGO, PAL- 

1, 0-53 ºBrix, Japan) and were expressed in ºBrix (Plate 2). 

3.1.2.2 Titratable acidity 

 
5 g of fruit sample was weighed and ground using pestle and mortar and made 

up to 100 mL in volumetric flask using distilled water. 10 mL of the filtered aliquot 

taken in a conical flask was added with 2-3 drops of phenolphthalein and titrated against 

0.1 N sodiumhydroxide. Appearance of light pink colour was denoted as the end point. 

The value was expressed in per cent of malic acid which is the predominant acid present 

in the avocado fruit (AOAC 1998). . Acidity was calculated by the following equation, 

Titratable acidity (%) = 

 
Titre value x Normality x Equivalent weight x Volume made up x 100 

Weight of sample x Aliquot of sample x 1000 

3.1.2.3 Vitamin C 

 
5 g of the sample was ground and made up to 100 mL with 3 % metaphosphoric 

acid. 10 mL of filtered aliquot was titrated against 2, 6- dichlorophenol indophenol dye 

until the end point of faint pink colour appeared (AOAC 1998). 

 
Dye factor = 

mg of L-ascorbic acid 

mL of dye consumed 
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Plate 1. Horticultural traits of avocado fruit 
 

 
Plate 1a. Fruit shape 

 

Plate 1b. Fruit base shape 
 

Plate 1c. Fruit apex shape 



 

 
 

Plate 1d. Fruit apex position 
 

Plate 1e. Ridges on fruit 
 

Plate 1f. Pedicel position on fruit 



 

 

Vitamin C (mg/100g) = 

 
3.1.2.4 Total carbohydrates 

Dye factor x Titre value x Volume made up x 100 

Weight of sample x Volume of aliquot 

 

100 mg of sample taken in a boiling tube was hydrolysed in a boiling water bath 

for ++three hours with 5mL of 2.5 N hydrochloric acid and cool to room temperature. 

The dried sample was neutralised with solid sodium carbonate until the effervescence 

ceased and made up the volume to 100 mL. 0.5 mL of aliquots was taken for analysis 

from the supernatant of the centrifuged sample. Standards were prepared from 0.2 to 1 

mL of the working standard along with blank and made up to 1 mL with distilled water. 

A green coloured compound was formed with the addition of 4 mL of anthrone reagent 

which was further heated for eight minutes in a boiling water bath. After rapid cooling, 

absorbance was taken at 630 nm with spectrophotometer (UV-Visible 1800 

spectrophotometer, Shimadzu, Kyoto, Japan) (Plate 2). From the standard graph 

plotting concentration on X-axis versus absorbance on Y-axis, the amount of 

carbohydrate was calculated and expressed as gram per 100g (Hewit, 1958). 

3.1.2.5 Total protein 

 
The amount of protein in the sample was determined according to procedure 

suggested by Lowry et al. (1951). 500 mg of sample was extracted with 5-10 mL Tris- 

HCl buffer and centrifuged. Along with the blank and standards from 0.2 to 1 mL, 

supernatant of sample extract (0.1 mL) were added in test tubes and made up each to 1 

mL. 5 mL of alkaline copper sulphate solution was added, mixed well and kept for 10 

minutes at room temperature, after which 0.5 mL of Folin-Ciocalteau reagent was 

mixed thoroughly and kept for 30 minutes in dark. The amount of total protein in the 

sample was determined from calibration curve with mg of protein on X- axis and 

absorbance measured at 660 nm on Y-axis and expressed in g/100g of sample. 

3.1.2.6 Total phenols 

 
Sample (1 g) was extracted repeatedly twice with 80 % ethanol and centrifuged 

at 10,000 rpm for 20 minutes to homogenise, pooled the supernatant and evaporated to 

dryness. Three minutes after adding with Folin-Ciocalteau reagent (0.5 mL) to the 

extract, 2 mL of 20 % sodium carbonate was mixed thoroughly and kept at room 

temperature for 1 hour. The absorbance was measured with spectrophotometer at 650 
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nm. Total phenol content was calculated from the standard curve and expressed as 

milligram per 100g of sample (Asami et al. 2003). 

3.1.2.7 Total flavonoids 

 
Total flavonoid content was determined according to the procedure suggested 

by Dewanto et al. (2002). About 1 mg of sample was dissolved and made up to 5 mL 

with distilled water in a 10 mL volumetric flask. It was added with 0.3 mL of sodium 

nitrite (5 %), followed by 0.3 mL of aluminium chloride (10 %) after 5 minutes and 2 

mL of 1 M sodium hydroxide after 6 minutes. Mixed the solution thoroughly and made 

up the volume to 10 mL with distilled water and allowed to stand for 30 minutes. Total 

flavonoid content was determined as the catechol equivalent (mg/100g) using the 

calibration curve of catechol standard solutions with absorbance measured at 510 nm. 

3.1.2.8 Total fat 

Total fat was extracted from a known quantity of sample with petroleum ether. 

It was then distilled off completely in soxhlet apparatus (Plate 2), dried and the fat 

content was determined from the dry weight of sample (Ranganna, 1986). 

 
Total fat (%) = 

 
3.1.2.9 Oleic acid 

Weight of the fat (g) 

Weight of sample (g) 

 
X 100 

 

1-10 g of oil or melted fat was dissolved in 50 mL of the neutral solvent (25 mL 

ether mixed with 25 mL 95 % alcohol) in a 250 mL conical flask and a few drops of 

phenolphthalein were added to it. The content was titrated against 0.1 N KOH with 

constant shaking until a pink colour persisting for 15 seconds developed (AOAC, 

2000). 

 
Oleic acid (mg KOH/g) = 

Titre value x Normality of KOH x 28.2 

Weight of the sample (g) 

3.1.2.10 Total ash 

 
10 gram of sample powder was placed in a pre-weighed silica crucible (W1). 

The crucible was heated at 550-600 ºC in a muffle furnace for about 2-3 hours. The 

crucible was cooled in a desiccator and weighed (W2). The crucible was heated again 

in the furnace for half an hour, cooled and weighed in order to ensure complete ashing. 
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This was repeated consequently till the weight of ash became constant (ash became 

greyish white) (Ranganna 1986). Total ash content was calculated using the formula: 

 
Total ash content (%) = 

  [W2  - W1]  

Weight of the sample 

 
X 100 

3.1.2.11 Calcium and potassium 

 
Minerals such as calcium and potassium were estimated in flame photometric 

method (Flame photometer CL 378, Elico Ltd, India) (Plate 2) using the ash solution 

prepared from the dry ash of the samples by dissolving with 1 mL hydrochloride 

dissolve in 100 mL water. The solution was allowed to evaporate in water bath for 1 

hour and after cooling, filtered it through Watman No. 1 filter paper, and was made up 

to 100 mL. The prepared ash solution can be used for the analysis of minerals like 

calcium, potassium and iron (Ranganna, 1986). Calcium and potassium content of 

samples were measured with working standards at 10, 20, 50 and 100 ppm 

concentration prepared from 624 mg calcium carbonate and 477 mg potassium chloride 

dissolved in 250 mL double distilled water as stock solution, respectively. 

3.1.2.12 Iron 

 
Ash solution prepared by dry ashing the sample was used for the estimation of 

iron content. 5 mL of ash solution was added with 0.5 mL of concentrated sulphuric 

acid, 1 mL potassium persulphate and 2 mL potassium thiocyanate and made up the 

solution to 15 mL with distilled water and measured the developed colour at 480nm 

(Ranganna, 1986). Iron content was measured using the formula, 

OD of sample x 0.1 x total volume of ash solution x 100 
Iron (mg/100g) = 

OD of standard x 5 x weight of sample taken for ashing 
 

3.1.2.13 Crude fibre 

Sample was extracted with petroleum ether and dried. 2 g of the dried material 

was boiled with 200 mL of concentrated sulphuric acid for 30 minutes and filtered 

through muslin cloth and washed with boiling water until washings were no longer 

acidic. Then the extract was again boiled with 200 mL of sodium hydroxide solution 

for 30 minutes and filtered through muslin cloth and washed with 25 mL of boiling 1.25 

% sulphuric acid, three 50 mL portions of water and 25 mL of alcohol. The residue was 

dried for 2 hours at 130±2 °C in pre weighed ashing dish (W1) and weighed the dish 

 

41 



 

after cooling in a desiccator (W2). The remnants were ignited for 30 minutes at 600±15 

°C and reweighed the dish after cooling in a desiccator (W3) (Ranganna, 1986). 
 

 
Crude fibre (%) = 

Loss in weight on ignition (W2-W1)-(W3-W1) 

Weight of the sample 

 

X 100 

3.1.2.14. Antioxidant activity of superior avocado accession (Acc. 25) 

3.1.2.14.1. Antioxidant activity by DPPH assay 

DPPH (2,2-diphenyl-1-picrylhydrazyl) free radical scavenging activity of 

methanolic extracts of the sample was determined according to the procedure reported 

by Brand-Williams et al. (1995) with slight modification. The stock solution was 

prepared by dissolving 4 mg DPPH in 100 mL methanol and kept in refrigerator for 

subsequent use. 

DPPH stock solution diluted with methanol to an absorbance of about 0.98 at 

517 nm, was used as the working solution. Various concentrations (50- 300 ppm) of 

sample extract (1 mg/mL methanol) along with control were made up to 5 mL with 

methanol, from which 0.5 mL was pipetted out and added with 2.5 mL DPPH reagent. 

The reaction mixture was kept in dark at room temperature for 30 minutes and the 

absorbance was measured at 517 nm. The antioxidant activity was indicated by the 

disappearance of the purple colour of DPPH to yellow in test samples. Ascorbic acid 

was used as the standard. The percent antioxidant activity or radical scavenging activity 

was calculated using the following formula: 

 
Antioxidant activity (%) = 

(Ac − As) 

Ac 

 
X 100 

where, Ac and As are the absorbance of control and sample respectively. 

 
3.1.2.14.2. Antioxidant activity by FRAP Assay 

 
Total antioxidant activity was determined by ferric reducing antioxidant power 

(FRAP) assay depending on the procedure described by Benzie and Strain (1996) with 

some modification in which the FRAP reagent was prepared by mixing 300 mM acetate 

buffer, 10 mL TPTZ in 40 mM hydrogen chloride and 20 mM ferric chloride in 10:1:1 

proportion and incubated for 15 minutes at 37 °C. From various concentrations of plant 

sample (50-300 ppm) made up with methanol, 150 μL was mixed with 2.85 mL of 

FRAP reagent along with a control (3 mL of FRAP reagent). After incubating the 
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Flame photometer Refractometer 

Plate 2. Equipments used for biochemical analysis of avocado fruits 



 

mixture for 30 minutes at 37°C in dark, absorbance was measured at 593 nm. Ascorbic 

acid was used as the standard. The percentage antioxidant activity was observed using 

the following formula: 

 
Antioxidant activity (%) = 

(Ac − As) 

Ac 

 
X 100 

where, Ac and As are the absorbance of control and sample, respectively. 

 
3.1.2.14.3. Antioxidant activity by ABTS assay 

 
ABTS (2,2‟-azinobis-(3-ethylbenzothiazoline-6-sulfonic acid)) reagent was 

prepared by mixing 7 mM of ABTS with 2.45 mM ammonium persulphate in phosphate 

buffer with pH 7.4 and the reagent was kept in dark at room temperature for 12-16 hours 

before use. The solution was diluted to an absorbance of 0.7±0.05 with methanol at 734 

nm. Methanolic extract of the sample was diluted to various concentrations of 50-800 

ppm, from which 10 μL of extract was added with 200 μL of ABTS reagent along with 

control (Vargas-Ortiz et al., 2016). Ascorbic acid was used as the standard. The 

absorbance was taken at 734 nm and percentage antioxidant activity was observed using 

the following formula: 

 

Antioxidant activity (%) = 

(Ac − As) 

 
Ac 

 
X 100 

 

where, Ac and As are the absorbance of control and sample, respectively. 

 
3.2. Effect of shrink packaging and storage temperature on quality and shelf life 

of avocado. 

Mature avocado fruits of the selected cultivar were surface sanitised with 

ozonisation (Plate 3) at 2 ppm for 15 minutes, followed by the treatment with 2 % 

calcium chloride for 30 minutes. The fruits after removal of excess surface moisture 

were shrink packaged with 25µ polyolefin film. The shrink packaged (Plate 3) fruits 

were stored under ambient condition (27-32 ºC), refrigerated (4-7 ºC) and also held in 

a cool chamber (12-13 ºC) at 90% relative humidity to evaluate the quality and shelf 

life of the fruits. Physical and physiological parameters were observed at 3 days interval 

and biochemical parameters were taken at initial and final days of storage. Samples 

were replicated thrice and statistically analysed in completely randomised block design 

of experiment. 
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3.2.1. Physical and physiological parameters 

3.2.1.1. Shelf life (days) 

Shelf life was calculated as the number of days for which one fourth of fruits 

are affected with decaying, browning and microbial growth. Unmarketability of the 

fruits was determined based on the visual changes like shrivelling, withering and 

decaying. Shelf life can be defined as the period at which the predetermined level of 

quality of the product is maintained under specified storage condition (Perez et al., 

2004). 

3.2.1.2. Physiological Loss in Weight (%) (PLW) 

Samples were weighed at the time of storage and up to the end of shelf life at three 

days interval and the cumulative weight loss was calculated as physiological loss in 

weight, expressed in percentage. 

 

X 100 
 

3.2.1.3. Respiration rate (% CO2) 

The respiration rate was calculated based on the carbon dioxide produced by the 

fruit inside the package. The concentration of carbon dioxide (CO2) in a closed package 

was measured by taking 1 mL of gas from the headspace and injecting it into a gas 

analyzer (PBI-Dansensor Checkmate 9900, Ringsted, Denmark). The results displayed 

were expressed as CO2 evolved in percentage (Plate 3). 

3.2.1.4. Ethylene evolution rate (%) 

To determine the ethylene production rate, each avocado fruit was placed in a 

sealed package for ethylene accumulation under ambient condition for 30 minutes after 

removal from storage condition. Then, 1 mL of gas was taken from the headspace and 

injected into an ethylene gas analyzer (PBI-Dansensor Checkmate 9900, Ringsted, 

Denmark). The results displayed were expressed in percentage (Plate 3). 

3.2.1.5. Texture (kg/cm
2
) 

The Vaiseshika digital pressure tester (Plate 3) was used to determine the 

firmness of fruits during storage by measuring the pressure necessary to force a plunger 

of specified size (7.9 to 11.1 mm diameter) into the pulp of fruit. After removing 1/2"- 

3/4” diameter disc of peel which is required especially for waxy fruits like avocado, the 

probe was held against the surface of the fruit perpendicularly and forced into the fruit 

with a steady pressure until the plunger tip penetrated into the pulp up to the notch. The 

fruits were punched on the middle point of opposite sides of the wider area and at 90
o
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PLW (%) = 
Initial Weight - Final Weight 

Initial Weight 
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Plate 3. Equipments used for pre-treatments and quality analysis of avocado 

fruits 



 

(on each of the opposite cheeks and close to either stem-end or calyx-end) and the 

average values indicated mean fruit ※rmness in kg/cm
2
. 

3.2.1.6. Decay (%) 

Fruit decay (rots and disorders) were assessed with the incidence of any visible 

skin defects such as any fungal or physiological patches and other external rots such as 

stem end rots, vascular browning, diffused flesh discoloration (DFD) according to New 

Zealand Avocado Industry Council Fruit Assessment Manual (Dixon, 2003). It was 

recorded as percentage depending on the presence or absence of decay without any 

severity score (Burdon et al., 2017). 

3.2.1.7. Post harvest disease incidence 

By visual observations, post harvest disease incidence was detected and the causal 

organisms were identified by culturing in the Department of Plant Pathology, College 

of Agriculture, Vellanikkara. Most of the post harvest diseases were due to fungal 

infections and developing rots causing blemishes to edible parts, reducing appearance 

and market value that accounted for about 70 % of fruit losses. 

3.2.2. Biochemical parameters (initial and final) 

3.2.2.1. Total Soluble Solids 

Same as described in 3.1.2.1 

3.2.2.2. Titratable acidity 

Same as described in 3.1.2.2 

3.2.2.3. Total carbohydrates 

Same as described in 3.1.2.4 

3.2.2.4. Total protein 

Same as described in 3.1.2.5 

3.2.2.5. Vitamin C 

Same as described in 3.1.2.3 

3.2.2.6. Total phenols 

Same as described in 3.1.2.6 

3.2.2.7. Total fat 

Same as described in 3.1.2.8 
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3.3. Effect of food additives on quality of frozen avocado during storage 

Firm-ripe avocado fruits were cleaned, peeled and cut into longitudinal halves 

and after removing the seed, the mesocarp was cut into curved equatorial slices of about 

70 mm length, 10 mm wide and 3 mm thickness. The fruit slices were immersed in a 

solution with different proportions of sucrose (20-40 %), along with ascorbic acid (0.5 

%) in combination with one of the preservatives (potassium metabisulphite, sodium 

benzoate, potassium sorbate @ 0.1 %). The treated samples with food additives were 

quick frozen to -20 ºCin blast freezer (Make: Celfrost D3, Italy) (Plate 4) within 30 

minutes, followed by packaging in LDPE pouches with 200 gauge thickness and 

subsequently stored. The frozen slices were stored at -18 ºCfor three months and 

evaluated for their quality parameters. Each of the nine treatments were replicated at 

three times and the results obtained were statistically analysed using Completely 

Randomised Design (CRD) of experiment. 

3.3.1. Total Soluble Solids 

Same as described in 3.1.2.1 

3.3.2. Titratable acidity 

Same as described in 3.1.2.2 

3.3.3. Total protein 

Same as described in 3.1.2.5 

3.3.4. Total phenols 

Same as described in 3.1.2.6 

3.3.5. Total carbohydrates 

Same as described in 3.1.2.4 

3.3.6. Total fat 

Same as described in 3.1.2.8 

3.3.7. Polyphenol oxidase (PPO) activity 

PPO enzyme activity was determined by using PPO enzyme extract obtained by 

homogenizing the avocado fruit pulp with 50 mL of sodium phosphate buffer and 

centrifuged the filtrate at 12000 rpm at 40 °C for 20 minutes from which the supernatant 

can be stored at –18 °C for subsequent use. 

0.5 mL of the PPO extract was mixed with 0.8 mL of 100 mM sodium phosphate 

buffer and 0.05 mL of 0.01 M solution of catechol. After incubating the resulting 

mixture for 30 minutes at 30 °C, 0.8 mL of 2 M perchloric acid was added and placed 
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in an ice bath. PPO activity was determined by measuring the absorbance in 

spectrophotometer at 395 nm for 5 minutes. Increase in one unit of 

absorbance/minute.mL
-1

 of sample indicated one unit of PPO activity and it was 

expressed in unit/mL (Fujita et al., 1995). 

3.3.8. Peroxide value 

 

1 g of avocado oil or fat was weighed and added with 1 g of powdered potassium 

iodide and 20 mL of solvent mixture in a test tube. Solvent mixture was prepared by 

mixing two volumes of glacial acetic acid with one volume of chloroform. The liquid 

was placed in boiling water bath so as to boil within 30 seconds and not more than 30 

seconds. It was transferred to a conical flask with 20 mL of 5 % potassium iodide 

solution and added washings of tube twice each with 25 mL water and titrated against 

N/500 sodium thiosulphate (Na2S2O3) solution until yellow colour almost disappeared. 

As an indicator 0.5 mL of 1 % starch solution was mixed thoroughly and titrate again 

till the blue colour just disappeared. A blank was also prepared alongside. 

Peroxide value (milliequivalent peroxide/kg sample) = 
S x N X 100 

 
 

Weight of fat (g) 

S = Titre value of Na2S2O3 (mL) (Test-blank) and N= normality of Na2S2O3 

 
3.3.9. Water activity 

 

Water activity (aw) is the ratio of partial vapour pressure of water in a food 

sample to the partial vapour pressure of pure water at a specific temperature. The water 

activity of the samples were measured using a water activity meter (AquaLab, Pre 

40412, Decagon Devices, USA) (Plate 4). After calibration with sodium chloride 

solution with known water activity, the sample cup was filled to about half of its 

capacity with avocado fruit samples and a digital output displayed the water activity 

values of the samples at 25 to 28 
o
C. Water activity meter is based on a dew point block 

method in which, the relative humidity of air in the chamber is recorded at an 

equilibrium when condensation of water ※rst occurred on a mirror detected in a 

photoelectric cell, is considered as the water activity of the sample 

3.3.10. Enumeration of microbial population 

Quantitative assay of microbial load was conducted using serial dilution spread 

plate technique suggested by Agarwal and Hasija (1986) (Plate 5). Samples (10 g) were 

mixed thoroughly in 100 mL of sterile distilled water as 10
-1

 dilution. 1 mL aliquot was 
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pipetted out into test tube with 9 mL sterile distilled water for 10
-2

 dilution. This was 

continued up to 10
-5

 dilution. Using micropipette one millilitre each from 10
-3

, 10
-4

, 

10
-5

 dilutions were taken for spread plating fungi, yeast and bacteria cultures to the 

petridishes, respectively. The growing media used for fungi, yeast and bacteria cultures 

were Martin Rose Bengal Agar, Sabouraud Dextrose Agar and Nutrient Agar, 

respectively and the media composition is shown in appendix II. 20 mL of melted and 

cooled medium was poured into the petridish and swirled it in clockwise and anti- 

clockwise directions for even distribution. After solidifying the medium, petridish was 

kept for 5 days, 3 days and 24 hours incubation at room temperature for fungi, yeast 

and bacteria culture development, respectively. Each sample was replicated thrice in 

petridishes and colonies counted were expressed as cfu g
-1

 of sample. Number of 

microorganisms per 10 gram of treated samples were calculated based on the formula: 

Number of colony forming units (cfu per g of sample) = 

Total no. of colony formed x Dilution Factor 

Aliquot plated 

3.3.11. Organoleptic evaluation 

Organoleptic evaluation provides the consumers‟ sensory perception when 

ingesting a product with respect to their own smell, taste, texture and visual aspects 

(Peryam and Pilgrim, 1957) (Plate 5). 

Sensory analysis was conducted using 9 point hedonic scale. The samples were 

evaluated for sensory attributes viz. appearance, colour, flavour, odour, texture, taste, 

after taste and overall acceptability by a semi trained panel consisting of 15 members. 

Organoleptic tests were statistically analysed by Kendall‟s co-efficient of 

concordance in SPSS software and mean scores were used to differentiate the best 

storage conditions. Kendall‟s Coefficient of Concordance (W) is the measurement of 

degree of association or agreement of rankings while assessing same samples by several 

judges. It ranges from 0 to 1 in which „0‟ indicates no agreement and „1‟ indicates 

perfect agreement. It implies that higher value of Kendall's indicates stronger 

association (Field, 2005). The corresponding mean rank for appearance, colour, odour, 

texture, taste, aftertaste, and overall acceptability were expressed in radar chart. 
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Plate 5. Methods for quality analysis of avocado fruit products 

Organoleptic evaluation 
Microbial analysis in Laminar 

Air Flow Chamber 

 
 
 

  
 

 

 

 

 

 
 

 

Water activity meter Blast freezer 

Plate 4. Equipments used for frozen avocado fruit slices pre-treatment 

and quality analysis 



 

3.4. Effect of food additives on quality of avocado pulp and avocado fruit powder 

3.4.1. Process standardization for preparation and storage of avocado pulp 

Ripe avocado fruits were surface sanitized by ozonisation @ 2 ppm for 15 

minutes, followed by peeling, slicing and grinding into pulp. The pulp was added with 

0.5 % citric acid and ascorbic acid separately, in combination with a preservative, either 

potassium metabisulphite (KMS) or sodium benzoate @ 0.1 %. The preserved pulp was 

enclosed in glass jars and in vacuum packed LDPE (200 gauge) bags separately (Plate 

6). The packaged pulp was stored under ambient and refrigerated conditions for 3 

months. The observations were recorded at monthly intervals. 

3.4.1.1. Pulp yield (%) 

Pulp yield was calculated from the weight of pulp obtained from the fruit with known 

weight, expressed in percentage of weight basis. 

Percent of pulp = 
   Weight of pulp  

Total weight of fruit 

x 100 

3.4.1.2. Total Soluble Solids 

Same as described in 3.1.2.1. 

3.4.1.3. Titratable acidity 

Same as described in 3.1.2.2. 

3.4.1.4. Total protein 

Same as described in 3.1.2.5. 

3.4.1.5. Vitamin C 

Same as described in 3.1.2.3. 

3.4.1.6. Total phenols 

Same as described in 3.1.2.6. 

3.4.1.7. Total carbohydrates 

Same as described in 3.1.2.4. 

3.4.1.8. Total fat 

Same as described in 3.1.2.8. 

3.4.1.9. Polyphenol oxidase activity 

Same as described in 3.3.7. 

3.4.1.10. Peroxide value 

Same as described in 3.3.8. 

3.4.1.11. Water activity 

Same as described in 3.3.9. 
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3.4.1.12. Viscosity 

Viscosity is the measurement of a fluid's internal resistance to flow which can be 

typically designated in units of centipoise or poise. Viscosity of avocado fruit pulp was 

measured using viscometer (Ametek Brookfield DVE Viscometer, United States) (Plate 

6) of low viscosity model with 4 spindles and a narrow guard leg. Spindle was attached 

to the lower shaft and the sample in a suitable container was placed in the guard leg. 

Immersing the spindle and allowing to rotate it into the sample by switching “ON” the 

motor until the reading was stabilized. Viscosity (cP) was calculated by multiplying the 

reading displayed in the equipment with the factor corresponding to the spindle and 

speed combination that specified for each viscometer model. 

Viscosity in cP (mPa•s) = Dial reading x Factor 

Example: For LV Viscometer used with spindle 1 at 6 rpm, the factor was specified as 

10 and when reading displayed in the equipment was 75, viscosity would be 75 x 10 = 

750 cP. 

Viscosity is proportional to the spindle speed in which minimum viscosity were 

observed with largest spindle at the highest speed and maximum range with smallest 

spindle at slowest speed. 

3.4.1.13. Microbial load 

Same as described in 3.3.10. 

3.4.1.14. Organoleptic evaluation 

Same as described in 3.3.11. 

 
 

3.4.2. Optimization of process conditions for preparation of avocado fruit powder 

and preparation of instant fruit shake 

Ripe avocado fruits were washed, peeled, sliced and subsequently ground into pulp. 

This pulp was added with different combinations of maltodextrin (2, 3, 4 and 5 %) along 

with ascorbic acid (1 %), tricalcium phosphate (0.15 %), ethylenediamine tetra acetic 

acid (EDTA) (0.05 %) and potassium sorbate (0.05 %). The prepared pulp was freeze 

dried in SP VirTis Benchtop K model freeze drier (Plate 7) at -70 ºCand 25 milli torque 

vacuum for 36 hours to obtain freeze dried avocado powder. The dried produce was 

powdered and sieved. The powder obtained were packed in LDPE laminated aluminium 

pouches (200 gauge) using continuous band sealer (Plate 7) at 200 ºCand in glass jars 

and stored under ambient and refrigerated conditions for 3 months. Observations were 

recorded at monthly intervals. 

50 



 

Vacuum packaging machine 

 
 
 

Plate 6. Equipments used for avocado fruit pulp pre-treatment and 

quality analysis 

Brooksfield Viscometer 



 

3.4.2.1. Bulk density 

Bulk density was measured from a known quantity avocado fruit powder, 

passed through a sieve (1 to 2 mm mesh size) so as to break up agglomerates and filled 

into a graduated cylinder without compacting. Bulk density was calculated by dividing 

mass of the avocado fruit powder with volume occupied by the same sample. The bulk 

density is expressed in grams per millilitre (g/mL) although the international unit is 

kilogram per cubic metre (1 g/mL = 1000 kg/m
3
) as the measurements were made using 

cylinders (WHO, 2012). 

3.4.2.2. Solubility 

Solubility was determined by the method described by Cano-Chauca et al. 

(2005) with some modifications. 1 g freeze dried avocado fruit powder was mixed in 

25 mL of distilled water, stirred thoroughly and centrifuged for 5 min at 1000 rpm. The 

supernatant was transferred to a pre-weighed petri dish and dried at 105 °C for 5 h. The 

solubility percentage was calculated by the weight difference. 

Solubility (%) = 
Mass of soluble powder 

Mass of total powder 

x 100 

3.4.2.3. Hygroscopicity 

About 1 g of freeze dried avocado fruit powder was spread evenly on pre- 

weighed petri dishes for high surface area contact between humid air and powder. The 

dishes were placed in desiccators at room temperature. Weight gain due to the moisture 

sorption was recorded at 2 h intervals until a constant weight was obtained indicating 

highest amount of moisture absorbed by the powder. The weight increased per gram of 

powder solids after being subjected to the atmosphere indicated hygroscopicity 

(Manickavasagan et al. 2015). Powder with less than 10% hygroscopicity value is 

considered as good „non-hygroscopic‟ powder (Jaya et al., 2006). 

Gram of moisture absorbed 
Hygroscopicity (%) = 

 
3.4.2.4. Colour values (L, a, b) 

Gram of powder 
x 100 

The colour properties of the avocado powder were determined using UV1800- 

2401PC colour analysis spectroscopy software, Shimadzu in terms of L* (light and 

dark), a* (red and green) and b* value (yellow and blue). L* represents the lightness to 

darkness (0–100), a* represents red (positive) and green (negative) colour, while b* 

represents yellow (positive) and blue (negative) colour. 
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3.4.2.5. Total Soluble Solids 

Same as described in 3.1.2.1. 

3.4.2.6. Titratable acidity 

Same as described in 3.1.2.2 

3.4.2.7. Total protein 

Same as described in 3.1.2.5. 

3.4.2.8. Vitamin C 

Same as described in 3.1.2.3. 

3.4.2.9. Total phenols 

Same as described in 3.1.2.6. 

3.4.2.10. Total carbohydrates 

Same as described in 3.1.2.4. 

3.4.2.11. Total fat 

Same as described in 3.1.2.8. 

3.4.2.12. Peroxide value 

Same as described in 3.3.8. 

3.4.2.13. Water activity 

Same as described in 3.3.9. 

3.4.2.14. Microbial load 

Same as described in 3.3.10. 

3.4.2.15. Organoleptic evaluation 

Same as described in 3.3.11. 
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Continuous Band Sealer 

 

 
 

 

 
 
 

 
 

SP VirTis Benchtop K Freeze drier 

Plate 7. Equipments used for the preparation of freeze dried avocado 

fruit powder 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

RESULTS 



 

4 RESULTS 

 
The results of the present study on “Post harvest characterisation and 

management of avocado (Persea americana Mill.)” accomplished in the Department of 

Post Harvest Technology, College of Agriculture, Vellanikkara during 2018-2021 are 

documented in this chapter under the following sections. 

4.1. Characterisation of avocado accessions 

4.2. Effect of shrink packaging and storage temperature on quality and shelf life of 

avocado. 

4.3. Effect of food additives on quality of frozen avocado during storage 

4.4. Effect of food additives on quality of avocado pulp and avocado fruit powder 

4.1. Characterisation of avocado accessions 

The unique pattern of flowering in „A‟ type and „B‟ type trees in avocado 

promotes cross pollination due to „Protogynous Diurnally Synchronous Dichogamy 

(PDSD)‟ and the propagation through seeds have resulted in considerable genetic 

variability among the genotypes found in Kerala. Avocado fruits of each genotypes 

have defined and widely varying morphological and physico-chemical properties and 

nutritional contents. Even though more than 500 varieties of avocado have been 

reported in the world, most of them are not acceptable for commercial purposes due to 

different productivity problems, poor quality and susceptibility to post harvest handling 

(Dorantes et al., 2004). Therefore, selection of superior nutritional and morphological 

fruit characters will have immense significance in the commercial cultivation as well 

as in the consumer acceptability. 

4.1.1 Horticultural traits 

The results obtained for the morphological characterisation of fruits of twenty 

seven avocado accessions (Acc.) collected from Wayanad (Table 1), Idukki and 

Thrissur (Table 2) districts are presented in Table 1 and 2. Accessions 1 to 14 were 

collected from Wayanad (Plate 8.) and accessions 15 to 26 from Idukki district and 

accession 27 from Thrissur (Plate 9.). Each trait was evaluated in five fruits selected 

after sorting, according to „Descriptors for Avocado‟ given by IPGRI (1995). Fruit 

shape varied from spheroid to clavate among the fruits of different genotypes. 

Four accessions from Wayanad and one from Idukki had clavate shape, four 

accessions from Wayanad, three from Idukki and accession from Thrissur had narrowly 
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obovate shape. Five accessions had spheroid shape and four accessions had highly 

spheroid fruit shapes. While Acc. 14 and Acc. 23 had obovate, Acc. 9 had pyriform 

shape and Acc.15 and 24 had ellipsoidal shape. 

Among the 27 accessions, lowest and highest fruit length (5.5 cm and 12.86 

cm), fruit diameter (4.62 cm and 9.87 cm) and fruit weight (58.34 g and 640.41 g) were 

observed in accession 13 and 14, respectively. Thus significant variation was observed 

with respect to fruit size among the genotypes and maintained high uniformity in each 

accessions. Majority of the genotypes had inflated base; pointed and flattened base 

shapes were also observed while depressed fruit base was rare. Fruit apex was mostly 

rounded while flattened and slightly depressed were also seen. Both central and 

asymmetric apex positions were observed in different accessions. Pedicel position was 

commonly seen central on fruit. Ridges on fruit were absent in most of the genotypes, 

however fruits of accession 4 and 10 had entire ridges and accessions 8, 16 and 17 had 

partial ridges on fruit. Considering the gloss on fruit, most of the genotypes had strong 

glossiness on the fruit surface. Fruit skin surface was smooth in many of the genotypes 

while intermediate and rough fruit skin surface were also common. Purplish fruit skin 

colour were observed in most of the accessions collected from Wayanad while 

yellowish green skin colour was generally seen in accessions collected from Idukki and 

fruit skin thickness was observed in the range of 1-3 mm. Fruits of accessions from 

Idukki had thicker skin than that from Wayanad. Regarding the pliability of fruit skin, 

majority of the genotypes had brittle fruit skin. Adherence of skin to flesh was slight in 

many of the genotypes which favoured easy removal of fruit peel from the flesh. 

Intermediate and strong adherence were also observed. Colour of flesh next to skin was 

generally observed as greenish yellow while colour of flesh next to seed was light 

yellowish in the ripe fruits of majority of genotypes of avocado. Flesh texture of ripe 

fruits of most of the genotypes were buttery while there were a few fruits with pastose 

flesh. Avocado fruit flesh was low fibrous with neither sweet nor bitter in taste in most 

of the genotypes, but highly fibrous flesh was seen in Acc.22. General taste of flesh 

was found varying between excellent to poor and accessions 16, 19 and 25 had excellent 

taste. Degree of discolouration of cut opened fruit after 4 hours was observed only in 

accessions 3, 5, 14, 22 and 26 and the discolouration was brown for all accessions 

except accession 5 which showed grey discolouration. Variability in morphological 

characteristics could be summed up as the cumulative effect of genotype, environment 

and cultural practices. 
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Plate 8. Avocado accessions collected from Wayanad 
 
 



 

 

 

 

 

Plate 9. Avocado accessions collected from Idukki and Thrissur 
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Table 1. Characterisation based on horticultural traits of accessions in Wayanad 
 

 
Acc 1 Acc 2 Acc 3 Acc 4 Acc 5 Acc 6 Acc 7 Acc 8 Acc 9 

Acc 

10 

Acc 

11 

Acc 

12 
Acc 13 

Acc 

14 

 

Fruit 

shape 

High 

sphero 

id 

 

Clavat 

e 

 

Clavat 

e 

 

Clavat 

e 

 

Spheroi 

d 

 

Spheroi 

d 

Narro 

wly 

obovat 
e 

Narro 

wly 

obovat 
e 

 

Pyrifo 

rm 

Narro 

wly 

oboate 

 

Clavat 

e 

 

Spher 

oid 

Narro 

wly 

obovat 
e 

 

Obova 

te 

Fruit 

length 

(cm) 

 

6.08 
 

11.18 
 

12.76 
 

8.62 
 

6.68 
 

6.86 
 

8.60 
 

8.52 
 

11.04 
 

6.92 
 

6.73 
 

6.58 
 

5.50 
 

12.86 

Fruit 

diameter 
(cm) 

 

5.61 
 

6.37 
 

7.00 
 

5.15 
 

6.59 
 

7.08 
 

6.94 
 

6.74 
 

6.71 
 

6.15 
 

7.00 
 

6.68 
 

4.62 
 

9.87 

Fruit 
weight (g) 

89.42 247.80 312.38 113.78 163.70 182.50 209.06 209.16 
224.9 

2 
329.9 

8 
312.4 

2 
149.6 

8 
58.34 640.41 

Fruit size 

uniformity 
High 

Interm 

ediate 
High High High High High High 

Interm 

ediate 
High 

Interm 

ediate 
High 

Interm 

ediate 
High 

Fruit base 
shape 

Flatten 
ed 

Inflate 
d 

Inflate 
d 

Inflate 
d 

Inflated 
Flattene 

d 
Pointe 

d 
Pointe 

d 
Inflate 

d 
Inflate 

d 
Inflate 

d 
Inflate 

Pointe 
d 

Flatte 
ned 

Fruit apex 

shape 

Flatten 

ed 

Round 

ed 

Round 

ed 

Round 

ed 

Rounde 

d 

Flattene 

d 

Round 

ed 

Round 

ed 

Round 

ed 

Round 

ed 

Round 

ed 

Round 

ed 

Round 

ed 

Flatte 

ned 

Fruit apex 

position 

Asym 

metric 

Centra 

l 

Centra 

l 

Centra 

l 

Asymm 

etric 
Central 

Centra 

l 

Centra 

l 

Asym 

metric 

Asym 

metric 

Centra 

l 

Asym 

metric 

Centra 

l 

Asym 

metric 

Ridges on 

fruit 
None None None Entire None None None Partial None Entire None None None None 

Gloss on 
fruit 

Mediu 
m 

Strong Strong Weak Weak Strong Strong 
Mediu 

m 
Weak Strong Strong Strong Weak 

Mediu 
m 

Pedicel 

position 
on fruit 

Centra 

l 

Asym 

metric 

Centra 

l 

Asym 

metric 

 

Central 
 

Central 
Centra 

l 

Centra 

l 

Centra 

l 

Centra 

l 

Centra 

l 

Centra 

l 

Centra 

l 

Asym 

metric 
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Contd… 
 

Fruit skin 

surface 

Interm 

ediate 

Smoot 

h 

Smoot 

h 
Rough 

Interme 

diate 

Interme 

diate 

Interm 

ediate 
Rough 

Interm 

ediate 
Rough 

Smoot 

h 

Smoot 

h 

Interm 

ediate 

Interm 

ediate 

 
Fruit skin 

colour 

142 
Strong 

yellow 

ish 

purple 

67A 

Strong 

purplis 

h red 

74A 
Deep 

reddis 

h   

purple 

142A 
Strong 

yellow 

ish 

purple 

142B 
Brillant 

yellowi 

sh 

green 

142A 
Strong 

yellowi 

sh 

purple 

77A 
Deep 

reddis 

h   

purple 

202A 
Dark 

grayis 

h   

purple 

 

79A 

Dark 

purple 

141C 
Strong 

yello 

wish 

green 

79C 

Deep 

purpli 

sh 

64C 

Strong 

purpli 

sh red 

80A 
Speckl 

ed 

Green 

Purple 

66B 

Vivid 

purpli 

sh red 

Fruit skin 

thickness 

(mm) 

 

1.34 
 

1.04 
 

3.04 
 

1.34 
 

1.02 
 

1.04 
 

1.12 
 

2.23 
 

2.02 
 

3.12 
 

1.06 
 

1.21 
 

2.24 
 

2.31 

Pliability 

of fruit 

skin 

 

Brittle 
 

Brittle 
 

Brittle 
 

Pliable 
 

Brittle 
 

Pliable 
 

Brittle 
 

Brittle 
 

Brittle 
 

Brittle 
Pliabl 

e 

Pliabl 

e 

 

Brittle 
 

Brittle 

Adherence 
of skin to 

flesh 

Interm 

ediate 

Interm 

ediate 

 

Strong 
 

Slight 
 

Slight 
 

Slight 
 

Slight 
Interm 

ediate 

 

Slight 
 

Slight 
 

Slight 
 

Strong 
 

Strong 
Interm 

ediate 

 
Colour of 

flesh next 

to skin 

141D 

Strong 

yellow 

ish 

green 

142C 

Light 

yellow 

ish 

green 

142A 

strong 

yellow 

ish 

green 

142D 

Light 

yellow 

ish 

green 

142B 

Brillant 

yellowi 

sh 

green 

149A 

Brillant 

yellowi 

sh 

green 

142A 

Strong 

yellow 

ish 

green 

149C 
Brillan 

t    

yellow 

ish 

green 

142A 

Strong 

yello 

wish 

green 

142B 
Brilla 

nt 

yello 

wish 

green 

142A 

Strong 

yello 

wish 

Green 

142A 

Strong 

yello 

wish 

Green 

142A 

Strong 

yellow 

ish 

Green 

142A 

Strong 

yellow 

ish 

green 

 
 

Colour of 

flesh next 

to seed 

 

1D 

Pale 

greeni 

sh 

yellow 

 

154D 

Light 

yellow 

ish 

green 

 

2C 

light 

yellow 

ish 

green 

 

150D 

Light 

yellow 

ish 

green 

 

154D 

Light 

yellowi 

sh 

green 

 

154B 

brilliant 

yellowi 

sh  

green 

 

4C 

Light 

greeni 

sh 

yellow 

 

2C 

Light 

yellow 

ish 

green 

2B 
Brilla 

nt 

greeni 

sh 

yello 

w 

 

2C 

Light 

yello 

wish 

green 

 

2C 

Light 

yello 

wish 

green 

 

2C 

light 

yello 

wish 

green 

 

2C 

light 

yellow 

ish 

green 

 

3D 

Light 

greeni 

sh 

yellow 

Flesh 

texture 

Butter 

y 

Butter 

y 

Butter 

y 

Butter 

y 
Pastose Buttery 

Butter 

y 

Butter 

y 

Pastos 

e 

Butter 

y 

Butter 

y 

Butter 

y 

Butter 

y 

Pastos 

e 
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Contd… 
 

Sweetness 

of flesh 
Low 

Interm 

ediate 

Interm 

ediate 
Low Low Low 

Interm 

ediate 
Low Low Low 

Interm 

ediate 
Low 

Interm 

ediate 
Low 

Bitterness 
of flesh 

Low 
Interm 
ediate 

Low Low Low Low Low Low High High Low 
Interm 
ediate 

Low Low 

Fibre in 
flesh 

Low Low Low Low Low Low Low Low Low Low Low Low Low Low 

General 

taste of 

flesh 

 

Fair 
 

Good 
 

Good 
 

Good 
 

Fair 
 

Fair 
 

Fair 
 

Fair 
 

Poor 
 

Poor 
 

Good 
 

Fair 
 

Good 
 

Fair 

Degree of 

colouratio 

n of open 

fruit after 
4hr. 

 
 

Nil 

 
 

Nil 

 
 

High 

 
 

Nil 

 
 

High 

 
 

Nil 

 
 

Nil 

 
 

Nil 

 
 

Nil 

 
 

Nil 

 
 

Nil 

 
 

Nil 

 
 

Nil 

 
 

High 

Colour of 
discolora 

tion 

 

Nil 
 

Nil 
 

Brown 
 

Nil 
 

Grey 
 

Nil 
 

Nil 
 

Nil 
 

Nil 
 

Nil 
 

Nil 
 

Nil 
 

Nil 
 

Brown 
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Table 2. Characterisation based on horticultural traits of accessions in Idukki and Thrissur 
 

 Acc 15 Acc 16 Acc 17 Acc 18 Acc 19 Acc 20 Acc 21 Acc 22 Acc 23 Acc 24 Acc 25 Acc 26 Acc 27 

 
Fruit shape 

 

Ellipsoi 

d 

 

Clavat 

e 

High 

spheroi 

d 

High 

spheroi 

d 

Narrow 

ly  

obovalt 

e 

Narrowl 

y    

obovalte 

 

High 

spheroid 

 

Sphero 

id 

 
Obovate 

 

Ellipso 

id 

Narrow 

ly  

obovat 

e 

 
Spheroid 

Narrowl 

y    

obovate 

Fruit 
length 

(cm) 

 

7.75 
 

10.50 
 

8.95 
 

8.70 
 

9.65 
 

8.85 
 

9.30 
 

8.60 
 

11.10 
 

9.20 
 

9.50 
 

7.28 
 

12.06 

Fruit 
diameter 

(cm) 

 

6.82 
 

6.87 
 

8.02 
 

7.98 
 

7.20 
 

7.29 
 

8.97 
 

8.02 
 

8.02 
 

7.61 
 

7.69 
 

7.81 
 

7.14 

Fruit 

weight (g) 
188.92 247.74 305.36 310.84 267.97 247.27 395.00 275.39 335.00 273.66 480.10 242.94 452.40 

Fruit size 

uniformity 

Interme 

diate 
High Low High 

Interm 

ediate 

Intermed 

iate 
High High High High High High High 

Fruit base 

shape 
Inflated 

Pointe 

d 

Flatten 

ed 

Flatten 

ed 
Pointed Pointed 

Flattene 

d 

Depres 

sed 
Inflated 

Inflate 

d 

Inflate 

d 

Depresse 

d 
Inflated 

Fruit apex 

shape 

Rounde 

d 

Round 

ed 

Rounde 

d 

Flatten 

ed 

Round 

ed 

Slightly 

depresse 

d 

Flattene 

d 

Flatten 

ed 

 

Round 
 

Round 
 

Round 
Flattene 

d 

 

Round 

Fruit apex 

position 

 

Central 
 

Central 
 

Central 
Asym 

metric 

 

Central 
Asymme 

tric 

Asymme 

tric 

 

Central 
Asymme 

tric 

 

Central 
 

Central 
 

Central 
Asymme 

tric 

Ridges on 

fruit 

 

Absent 
 

Partial 
 

Partial 
 

Absent 
 

Absent 
 

Absent 
 

Absent 
 

Absent 
 

Absent 
 

Absent 
 

Absent 
 

Absent 
 

Absent 
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Contd… 
 

Gloss on 

fruit 

Mediu 

m 
Weak 

Mediu 

m 

Mediu 

m 

Mediu 

m 
Strong Weak Strong Strong 

Mediu 

m 
Weak Strong Medium 

Pedicel 

position on 

fruit 

 
Central 

 
Central 

 
Central 

 
Central 

 
Central 

 
Central 

 
Central 

Asym 

metric 

Asymme 

tric 

 
Central 

 
Central 

 
Central 

 
Central 

Fruit skin 

surface 
Smooth Rough 

Interme 

diate 
Rough Rough Smooth 

Intermed 

iate 

Smoot 

h 
Smooth 

Smoot 

h 

Interm 

ediate 
Smooth Smooth 

 

Fruit skin 

colour 

202A 

Dark 

greyish 

purple 

142A 

Strong 

yellowi 

sh 

green 

142B 

Brillant 

yellowi 

sh 

green 

142B 

Brillant 

yellowi 

sh 

green 

154A 

Vivid 

yellowi 

sh 

green 

202A 

Dark 

greyish 

purple 

153C 

Strong 

greenish 

yellow 

142A 

Strong 

yellowi 

sh 

green 

142A 

Strong 

yellowis 

h green 

142A 

Strong 

yellowi 

sh 

green 

186A 

Moder 

ate 

purplis 

h red 

58C 

Strong 

purplish 

red 

149A 

Brilliant 

yellowis 

h green 

Fruit skin 

thickness 

(mm) 

 
3.08 

 
2.03 

 
2.52 

 
3.03 

 
3.04 

 
3.05 

 
3.06 

 
1.04 

 
2.03 

 
3.06 

 
2.55 

 
2.06 

 
1.02 

Pliability 

of fruit 

skin 

 

Brittle 
 

Brittle 
 

Brittle 
 

Brittle 
 

Brittle 
 

Brittle 
 

Brittle 
 

Pliable 
 

Brittle 
 

Brittle 
 

Brittle 
 

Brittle 
 

Pliable 

Adherence 

of skin to 

flesh 

Interme 

diate 

 
Slight 

 
Strong 

 
Strong 

 
Slight 

 
Strong 

Intermed 

iate 

 
Slight 

 
Slight 

Interm 

ediate 

Interm 

ediate 

 
Slight 

 
Slight 

 
Colour of 

flesh next 

to skin 

142A 

Strong 

yellowi 

sh 

green 

149A 

Bright 

yellowi 

sh 

green 

142D 

Light 

yellowi 

sh 

green 

142D 

Light 

yellowi 

sh 

green 

144D 

Light 

yellowi 

sh 

green 

 

154D 

Light 

yellowis 

h green 

 

142B 

Brillant 

yellowis 

h green 

142C 

Light 

yellowi 

sh 

green 

 

142D 

Light 

yellowis 

h green 

142B 

Brillant 

yellowi 

sh 

green 

142C 

Light 

yellowi 

sh 

green 

 

142D 

Light 

yellowis 

h green 

 

149C 

Brilliant 

yellowis 

h green 
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Contd… 
 

 

Colour of 

flesh next 

to seed 

3D 
Light 

greenis 

h   

yellow 

4D 

Pale 

yellowi 

sh 

4D 

Pale 

yellowi 

sh 

4D 

Pale 

yellowi 

sh 

4D 

Pale 

yellowi 

sh 

154D 

Light 

yellowis 

h green 

 

3D Light 

greenish 

yellow 

4D 
Pale 

yellowi 

sh 

green 

 

3D Light 

greenish 

yellow 

3D 
Light 

greenis 

h   

yellow 

2C 
Light 

yellowi 

sh 

green 

 

4D Pale 

yellowis 

h green 

 

1C Light 

greenish 

yellow 

Flesh 

texture 

 
Pastose 

 
Pastose 

 
Buttery 

 
Buttery 

 
Buttery 

 
Buttery 

 
Buttery 

 
Pastose 

 
Buttery 

 
Buttery 

 
Buttery 

 
Buttery 

 
Pastose 

Sweetness 

of flesh 

Interme 

diate 
High 

Interme 

diate 

Interm 

ediate 

Interm 

ediate 
Low Low 

Interm 

ediate 

Intermed 

iate 
Low Low High Low 

Bitterness 

of flesh 
Low Low Low Low Low Low High 

Interm 

ediate 

Intermed 

iate 

Interm 

ediate 
Low Low Low 

Fibre in 

flesh 

 

Low 
 

Low 
 

Low 
Interm 

ediate 

 

Low 
 

Low 
 

Low 
 

High 
Intermed 

iate 

 

Low 
 

Low 
Intermed 

iate 

 

Low 

General 

taste of 

flesh 

 
Good 

Excelle 

nt 

 
Good 

 
Good 

Excelle 

nt 

 
Fair 

 
Fair 

 
Good 

 
Good 

 
Fair 

Excelle 

nt 

 
Fair 

 
Fair 

Degree of 

colouration 

of open 

fruit after 

4hr. 

 

 
Nil 

 

 
Nil 

 

 
Nil 

 

 
Nil 

 

 
Nil 

 

 
Nil 

 

 
Nil 

 

 
High 

 

 
Nil 

 

 
Nil 

 

 
Nil 

 

 
High 

 

 
Nil 

Colour of 

discolourat 

ion 

 
Nil 

 
Nil 

 
Nil 

 
Nil 

 
Nil 

 
Nil 

 
Nil 

 
Brown 

 
Nil 

 
Nil 

 
Nil 

 
Brown 

 
Nil 



 

4.1.2 Biochemical parameters: The results obtained for the biochemical and 

nutritional constitution of fruits of avocado accessions are presented in Table 3. 

4.1.2.1 Total soluble solids: Significant variation was noticed among genotypes with 

respect to their TSS content. Total soluble solids (TSS) were observed to be in the range 

of 4.27 ºBrix in Acc. 20 to 11.30 ºBrix in Acc. 13. 

4.1.2.2 Titratable acidity: Titratable acidity varied significantly among the accessions 

which ranged from 0.28 to 2.84 % in Acc. 27 and Acc. 12, respectively. 

4.1.2.3 Vitamin C: Significant difference in vitamin C content was observed among 

avocado genotypes. Vitamin C content in ripe avocado fruit varied from 5.33 mg/100g 

in Acc. 18 and Acc. 20, which was the lowest, to 20 mg/100g (highest) in Acc. 11. 

4.1.2.4 Total carbohydrates: Total carbohydrates varied significantly among avocado 

genotypes. Total carbohydrates in ripe avocado fruits were comparatively low which 

were in the range of 0.40 g/100g in Acc. 7 (lowest) to 3.81 g/100g (highest) in Acc. 25. 

4.1.2.5 Total protein: Total protein content showed significant variation among 

avocado genotypes and fruits collected from Wayanad (0.50 to 1.59 g/100g) had lower 

protein content than that from Idukki (8.33 to 11.93 g/100g). Total protein varied from 

0.50 g/100g in Acc. 9 to 11.93 g/100g in Acc. 15. 

4.1.2.6 Total phenols: Antioxidant potential of the plants are correlated with the 

content of phenolic compounds. Total phenols content were in the range of 33.33 

mg/100g in Acc. 22 to 102.83 mg/100g in Acc. 12. It was comparatively higher in fruits 

collected from Wayanad. 

4.1.2.7 Total flavonoid: Significant variation was not observed among genotypes with 

respect to their total flavonoid content. Total flavonoid content varied from 24.80 

mg/100g in Acc. 9 to 66.67 mg/100g in Acc. 25. 

4.1.2.8 Total fat: Fat content in avocado fruit is considered as the important maturity 

index which accumulated to maximum in optimum mature fruit. Total fat extracted 

from the fruits varied significantly from 0.79 to 10.02 % in Acc.4 and Acc.7, 

respectively. 

4.1.2.9 Oleic acid: Oleic acid is the most predominant monounsaturated fatty acid with 

therapeutic value in avocado that ranged from 13.49 to 86.86 g/100g in Acc. 6 and Acc. 

10, respectively which varied significantly among the genotypes. 

4.1.2.10 Total ash: Ash content of the samples could be related with the mineral 

composition such as calcium, potassium, iron, etc. which have many health benefits. 
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Ash content of avocado fruits varied significantly from 0.27 % to 1.79 % in Acc. 8 and 

Acc. 3, respectively. 

4.1.2.11 Calcium: Calcium content in fresh avocado fruits varied significantly among 

genotypes from 4.90 mg/100g in Acc. 16 to 13.46 mg/100g in Acc. 25. 

4.1.2.12 Potassium: Potassium content in fresh avocado fruits varied significantly 

among genotypes. Avocado is a rich source of potassium than other fruits and it ranged 

from 122.27 mg/100g in Acc.16 to 460.00 mg/100g in Acc.10. 

4.1.2.13 Iron: Iron content obtained in fresh and mature avocado fruits varied 

significantly which were in the range of 0.04 in Acc. 17 to 0.44 mg/100g in Acc. 26. 

4.1.2.14 Crude fibre: Crude fibre content in fresh avocado fruits varied significantly 

among genotypes collected from different locations. Avocado fruits are rich in crude 

fibre content which was observed in the range of 2.24 to 7.61 % in Acc. 12 and Acc. 6, 

respectively. 

Significantly higher TSS, Vitamin C, total phenols, total fat, oleic acid, 

potassium, total ash and crude fibre content were observed in accessions collected from 

Wayanad. Significantly higher total carbohydrates, total protein, total flavonoid, 

calcium and iron content were observed in accessions collected from Idukki. In some 

of the biochemical parameters, variations were observed among the accessions 

collected from Wayanad and Idukki districts. Comparatively high vitamin C, total 

phenols, potassium and ash content were observed in fruits collected from Wayanad 

and higher total protein, iron content as well as better horticultural traits were observed 

in accessions from Idukki. Comparing all the horticultural and biochemical parameters, 

highest total carbohydrates, total flavonoids and calcium content among the 27 

accessions and highest vitamin C, potassium, total ash and crude fibre among 

accessions collected from Idukki were reported in accession 25 and it was selected as 

superior accession suitable for further post harvest management studies. 

4.1.2.15 Antioxidant activity (DPPH, ABTS, FRAP) 

Antioxidant activity of accession 25 was analysed in three different assays viz. 

2, 2-Diphenyl 1-picrylhydrazyl (DPPH) radical assay, Ferric Reducing Antioxidant 

Potential (FRAP) assay and 2, 2-Azino-bis (3-ethylbenzthiazoline 6-sulfonic acid) 

(ABTS) assay (Table 4.). Radical scavenging activity was evaluated by IC50 (Inhibitory 

concentration). IC50 indicates the concentration of antioxidant in the sample capable for 

scavenging 50 % of the free radicals. Lower IC50 value indicates higher radical 

scavenging activity. 
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Table 3a. Biochemical characterisation of avocado accessions in Wayanad  
A

ccessio
n

s 

T
o
ta

l S
o
lu

b
le 

S
o
lid

s (ºB
rix

) 

T
itra

ta
b

le 

a
cid

ity
 (%

) 

V
ita

m
in

 C
 

(m
g
/1

0
0
g
) 

T
o
ta

l 

ca
rb

o
h

y
d

ra
te 

(%
) 

T
o
ta

l p
ro

tein
 

(%
) 

 

T
o
ta

l p
h

en
o
ls 

(m
g
/1

0
0
g
) 

 

T
o
ta

l fla
v
o
n

o
id

s 

(m
g
/1

0
0
g
) 

 
T

o
ta

l fa
t (%

) 

O
leic a

cid
 

(%
) 

 

T
o
ta

l a
sh

 (%
) 

 

C
a
lciu

m
 

(m
g
/1

0
0
g
) 

 
P

o
ta

ssiu
m

 

(m
g
/1

0
0
g
) 

 
Ir

o
n

 (m
g
/1

0
0
g
) 

 
C

ru
d

e fib
re (%

) 

Acc 1 10.00 2.33 16.00 1.36 0.88 92.50 31.30 5.82 24.45 0.45 9.65 436.80 0.11 4.75 

Acc 2 7.00 1.55 17.33 3.17 1.00 86.67 39.20 1.06 45.53 0.53 6.75 138.80 0.11 2.90 

Acc 3 6.67 2.58 17.33 1.16 0.74 84.67 59.10 1.16 60.87 1.79 9.60 154.60 0.13 2.62 

Acc 4 9.00 1.03 10.00 0.72 1.04 100.17 62.90 0.79 46.91 1.02 8.85 314.60 0.12 4.74 

Acc 5 6.67 1.55 12.67 1.21 0.81 82.83 64.50 2.14 39.72 0.75 8.30 168.40 0.13 7.13 

Acc 6 9.33 1.03 13.33 0.88 0.91 64.00 63.17 2.08 13.49 1.67 8.40 209.40 0.11 7.61 

Acc 7 9.33 2.07 16.00 0.41 1.24 71.50 52.57 10.02 18.69 0.71 9.80 345.60 0.10 3.81 

Acc 8 8.67 2.58 16.00 0.78 1.32 87.83 58.70 3.29 22.88 0.27 9.65 320.00 0.14 6.24 

Acc 9 7.33 1.03 14.67 0.54 0.50 87.17 24.80 2.81 26.79 0.39 8.20 228.00 0.10 5.50 

Acc 10 9.00 1.81 14.67 0.72 0.88 100.50 54.17 1.63 86.86 1.39 13.35 460.00 0.11 4.88 

Acc 11 8.00 1.55 20.00 1.33 0.90 65.33 48.13 1.20 69.48 1.14 7.55 216.20 0.09 5.56 

Acc 12 10.33 2.84 19.33 0.64 1.59 102.83 28.37 8.86 25.13 0.87 8.10 356.40 0.09 2.24 

Acc 13 11.33 2.07 16.00 0.99 1.59 82.67 42.26 1.24 48.50 1.20 8.35 223.20 0.15 3.95 

Acc 14 7.67 2.07 18.67 1.97 1.14 73.67 32.93 2.46 36.35 0.85 8.25 278.00 0.13 4.42 
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Contd… Table 3b. Biochemical characterisation of avocado accessions in Idukki and Thrissur 
  

A
ccessio

n
s 

T
o
ta

l S
o
lu

b
le 

S
o
lid

s (ºB
rix

) 

 

T
itra

ta
b

le 

a
cid

ity
 (%

) 

V
ita

m
in

 C
 

(m
g
/1

0
0
g
) 

T
o
ta

l 

ca
rb

o
h

y
d

ra
te 

(%
) 

T
o
ta

l p
ro

tein
 

(%
 

 

T
o
ta

l p
h

en
o
ls 

(m
g
/1

0
0
g
) 

T
o
ta

l 

fla
v
o
n

o
id

s 

(m
g
/1

0
0
g
) 

 
T

o
ta

l fa
t (%

) 

 

O
leic a

cid
 

(%
) 

 
T

o
ta

l a
sh

 (%
) 

C
a
lciu

m
 

(m
g
/1

0
0
g
) 

 
P

o
ta

ssiu
m

 

(m
g
/1

0
0
g
) 

Ir
o
n

 

(m
g
/1

0
0
g
) 

C
ru

d
e fib

re 

(%
) 

Acc 15 7.00 1.29 9.33 3.79 11.93 56.50 39.34 2.77 30.85 0.72 9.03 178.17 0.09 4.73 

Acc 16 6.00 1.03 8.00 2.14 11.60 51.70 42.17 1.85 58.75 0.40 4.90 122.27 0.15 2.79 

Acc 17 5.33 1.29 7.33 1.29 9.63 55.83 29.85 2.76 54.32 0.67 5.46 147.83 0.04 2.93 

Acc 18 6.67 1.29 5.33 3.48 9.87 45.00 33.69 2.61 34.12 0.47 5.83 146.27 0.11 3.61 

Acc 19 5.40 1.03 7.33 2.73 9.20 53.58 50.00 3.61 72.21 0.53 7.64 133.23 0.08 3.05 

Acc 20 4.27 1.29 5.33 1.87 9.80 40.00 32.08 2.23 42.12 0.67 8.75 165.20 0.19 2.80 

Acc 21 6.67 1.29 6.67 1.83 9.55 39.17 36.30 4.49 19.13 0.70 12.12 174.57 0.16 3.11 

Acc 22 5.07 1.29 8.00 2.47 8.67 33.33 32.18 7.07 34.60 0.39 11.67 134.93 0.30 3.44 

Acc 23 8.00 1.29 6.67 1.92 8.33 53.28 38.33 7.22 18.24 0.54 11.33 193.67 0.15 4.17 

Acc 24 5.33 1.55 7.33 1.87 9.60 56.67 46.08 1.75 44.92 0.64 5.84 151.37 0.31 5.66 

Acc 25 10.93 1.29 10.00 3.81 8.57 66.67 50.00 1.83 72.69 0.72 13.46 198.43 0.20 5.90 

Acc 26 7.10 1.03 8.00 2.13 9.90 63.33 41.97 2.10 28.09 0.63 6.50 140.27 0.44 4.21 

Acc 27 10.50 0.28 17.33 1.53 2.27 53.33 47.54 1.33 67.20 0.68 5.72 190.50 0.20 2.86 

CD at 

0.05% 
3.55 1.13 0.93 1.59 4.65 2.28 NS 1.29 0.94 0.52 3.42 1.22 0.16 0.93 



 

4.1.2.15.1. 2, 2-Diphenyl 1-picrylhydrazyl (DPPH) radical assay 

DPPH radical scavenging activity of the methanolic extract of avocado fruit 

indicated the antioxidant potential due to water soluble compounds. In the DPPH assay, the 

IC50 value was reported as 4.07 μg/mL, which was higher than the IC50 value of standard 

ascorbic acid, 0.91 μg/mL. 

4.1.2.15.2. Ferric Reducing Antioxidant Potential (FRAP) assay 

In FRAP antioxidant assay, the potential antioxidant activity of a compound was 

indicated by its reducing capacity to convert ferric to ferrous (Fe
3+

 to Fe
2+

) which was 

proportionate to the absorbance of the reaction mixture. In the methanolic extract of 

avocado fruit, radical scavenging activity was concentration dependent with IC50 value of 

2.58 μg/mL which was higher than the IC50 value of standard ascorbic acid, 1.28 μg/mL. 

4.1.2.15.3. 2, 2-Azino-bis (3-ethylbenzthiazoline 6-sulfonic acid) (ABTS) assay 

In ABTS assay, ABTS
+
 chromophore get decolourised by the oxidation of ABTS 

with ammonium persulphate by inhibiting the radical ABTS due to both water soluble and 

fat soluble antioxidant compounds in the sample. In the methanolic extract of avocado fruit, 

radical scavenging activity evaluated by ABTS assay indicated an IC50 value of 0.10 

μg/mL. IC50 value of the sample was lower than standard ascorbic acid (1.02 μg/mL), 

indicating the higher antioxidant potential of the sample observed in ABTS assay. 

 
Table 4. Antioxidant activity (IC50 value) of avocado fruit by DPPH, ABTS and 

FRAP assays 
 
 

Antioxidant assay 
Inhibitory concentration 

IC50 (μg/mL) 

 Sample 

(methanolic extract of the fruit) 

Standard 

(Ascorbic acid) 

DPPH assay 4.07 0.91 

FRAP assay 2.58 1.28 

ABTS assay 0.10 1.02 
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4.2. Effect of shrink packaging and storage temperature on quality and shelf life of 

avocado 

Avocado fruits of nine treatments with calcium chloride pre-treatment and shrink 

packaging along with control stored under ambient condition (27-32 ºC), refrigeration (4- 

7 ºC) and cool chamber (12-13 ºC) are shown in Plate 10. 

4.2.1. Physical and physiological parameters 

 
4.2.1.1. Shelf life (days) 

Avocado fruit was highly perishable with storage life of 7 days in control under 

ambient conditions without any packaging, while under refrigeration and cool chamber 

storage shelf life increased to 20 and 22 days, respectively. The result is shown in Table 5. 

In calcium chloride pre-treated fruits, shelf life of the fruits under ambient, refrigeration 

and cool chamber were 10, 20 and 24 days, respectively. It was observed that shrink 

packaging had important role in extending the shelf life of avocado as the shelf life was 15 

days for calcium chloride pre-treated shrink packaged fruits stored under ambient 

condition. While pre-treatments with calcium chloride and shrink packaging along with 

storage under refrigeration (4-7 ºC) and cold chamber (12-13 ºC) were recorded with 

longest shelf life of 27 days. 

Table 5. Effect of shrink packaging and storage temperature on shelf life of avocado 
 

Treatments Shelf life (days) 

T1 7.00
e
 

T2 20.00
bc

 

T3 22.00
ab

 

T4 10.00
de

 

T5 20.00
bc

 

T6 24.00
ab

 

T7 15.00
cd

 

T8 27.00
a
 

T9 27.00
a
 

CD (0.05 %) 6.34 

 

4.2.1.2. Physiological Loss in Weight (%) 

It was observed that the Physiological Loss in Weight (PLW) increased during 

storage in all the treatments which were faster in control (T1) without any treatment stored 

under ambient condition and it increased from 7.06 % to 12.95 % within 6 days after 

storage. Lower rate of PLW was noticed in shrink packaged fruits under refrigeration (T8) 
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Plate 10. Avocado fruits during storage 
 

T1- Control + ambient condition T2- Control + refrigeration T3- Control + cool chamber 

T4- CaCl2 + ambient condition T5- CaCl2 + refrigeration T6- CaCl2 + cool chamber 

T7- CaCl2 + shrink packaging + ambient condition T8- CaCl2 + shrink packaging + refrigeration T9- CaCl2 + shrink packaging + cool chamber 

WAS: Weeks after storage   
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Table 6. Effect of shrink packaging and storage temperature on physiological loss in weight (PLW) (%) of avocado during 

storage 

Treatments 3DAS 6DAS 9DAS 12DAS 15DAS 18DAS 21DAS 24DAS 27DAS 
T 

1 7.06
ab

 12.95
a
 * * * * * * * 

T 
2 2.07

c
 4.26

b
 6.95

abc
 9.36

ab
 10.83

b
 10.75

a
 * * * 

T 
3 

1.58
c
 3.06

b
 4.90

bc
 6.56

b
 7.60

b
 6.58

ab
 7.54

a
 * * 

T 
4 7.40

a
 12.93

a
 18.17

a
 * * * * * * 

T 
5 2.36

c
 4.91

b
 8.82

ab
 11.84

a
 15.80

a
 20.92

a
 * * * 

T 
6 1.60

c
 3.10

b
 5.35

bc
 7.05

b
 8.19

b
 7.94

ab
 9.81

a
 14.09

a
 * 

T 
7 0.27

c
 0.66

c
 0.57

c
 0.82

c
 1.15

bc
 * * * * 

T 
8 0.05

c
 0.07

c
 0.43

c
 0.65

c
 0.45

c
 0.47

b
 0.48

b
 0.79

b
 0.89 

T 
9 0.30

bc
 0.34

c
 0.67

c
 0.84

c
 1.00

bc
 0.76

b
 0.77

b
 1.08

b
 1.28 

CD (0.05 %) 3.61 2.34 7.13 4.03 7.17 9.17 4.70 9.36  

 

 
T1- Control + ambient condition T2- Control + refrigeration T3- Control + cool chamber 
T4- CaCl2 + ambient condition T5- CaCl2 + refrigeration T6- CaCl2 + cool chamber 
T7- CaCl2 + shrink packaging + ambient condition T8- CaCl2 + shrink packaging + refrigeration T9- CaCl2 + shrink packaging + cool chamber 
DAS: Days after storage * - Unmarketable NS- Non-significant 
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T1- Control + ambient condition T2- Control + refrigeration T3- Control + cool chamber 
T4- CaCl2     + ambient condition T5- CaCl2    + refrigeration T6- CaCl2 + cool chamber 

T7- CaCl2 + shrink packaging + ambient condition 

DAS: Days after storage 

T8- CaCl2 + shrink packaging + refrigeration T9- CaCl2 + shrink packaging + cool chamber 

* - Unmarketable NS- Non-significant 

 

 

 

 

 

Table 7. Effect of shrink packaging and storage temperature on respiration rate (% CO₂ ) of avocado during storage 
 

Treatments Initial 3DAS 6DAS 9DAS 12DAS 15DAS 18DAS 21DAS 24DAS 27DAS 

T 
1 

 

 

 

 

 
1.49 

1.43
bc

 0.97
b
 * * * * * * * 

T 
2 0.93

bc
 0.43

c
 0.40

d
 0.40

bc
 0.40 0.43

d
 * * * 

T 
3 0.53

c
 0.47

c
 3.50

b
 0.33

c
 0.73 0.90

bcd
 2.27 * * 

T 
4 1.13

bc
 0.80

bc
 1.57

cd
 * * * * * * 

T 
5 2.37

b
 0.60

bc
 0.60

d
 0.60

b
 0.80 0.60

cd
 * * * 

T 
6 0.70

c
 0.70

bc
 5.73

a
 1.20

a
 1.00 1.40

ab
 1.93 1.37 * 

T 
7 

7.73
a
 5.43

a
 2.27

bc
 1.17

a
 1.63 * * * * 

T 
8 1.40

bc
 0.40

c
 0.43

d
 0.30

c
 0.37 1.20

bc
 1.13 0.67 0.27 

T 
9 

0.93
bc

 0.63
bc

 2.50
bc

 1.10
a
 2.53 2.00

a
 1.77 1.50 1.37 

CD (0.05 %)  1.52 0.49 1.49 0.24 NS 0.73 NS NS  

 

 



 

followed by cool chamber (T9). In shrink packaged fruits under refrigeration 

(T8), PLW increased from 0.05 to 0.89 % after 27 days of storage and in shrink 

packaged fruits under cool chamber (T9), it was from 0.30 % to 1.28 % after 27 days of 

storage. The result is shown in Table 6. 

4.2.1.3. Respiration rate (%) 

Avocado fruits starts to ripen after harvest resulting in the rise of respiration rate 

and higher release of carbondioxide and ethylene, leading to fast degradation of fruits. 

Being a climacteric fruit, climacteric peak was observed in avocado fruits during 

storage in all the treatments (Table 7) which were more pronounced in control under 

cool chamber (T3) (3.50 %), calcium chloride pre-treated fruits under cool chamber (T6) 

(5.73 %) and calcium chloride treated shrink packaged fruits under cool chamber (T9) 

(2.50 %) at 9 days after storage and in calcium chloride treated shrink packaged fruits 

under ambient storage (T7) (7.73 %) at 3 days after storage. The least respiration rate 

with decreasing trend was noticed in fruits under refrigerated storage. Respiration rate 

of fruits kept as control under refrigeration (T2) decreased from 0.93 to 0.43 % within 

18 days of storage, in calcium chloride pre-treated fruits under refrigeration (T5) from 

2.37 to 0.60 % during 18 days of storage and in calcium chloride pre-treated shrink 

packaged fruits under refrigeration (T8) from 1.40 to 0.27 % during 27 days of storage 

period. In fruits with longer shelf life such as shrink packaged fruits under cool chamber 

(T9) and refrigeration (T8), climacteric peak was observed towards the end of storage 

after 15 (2.53 %) and 18 (1.20 %) days of storage, respectively. 

4.2.1.4. Ethylene evolution rate (%) 

Ethylene evolution and respiration result in flesh softening and colour change of the 

fruit, indicating ripening of avocado fruits. In all the treatments, a peak in ethylene 

evolution rate was observed during storage which was more predominant in the early 

days of storage in control (Table 8). While fruits packaged in shrink packaging, 

ethylene evolution rate were low and the least ethylene evolution rate was seen in 

calcium chloride pre-treated fruits under cool chamber (T6) decreased from 1.80 to 0.27 

% during 24 days of storage. While in calcium chloride pre-treated shrink packaged 

fruits under refrigeration (T8), a peak value was observed at 18 and 21 days after storage 

(3.23 %) and in calcium chloride pre-treated, shrink packaged fruits under cool chamber 

(T9), after 24 days of storage (9.37 %). In fruits with longer shelf life such as shrink 

packaged fruits under refrigeration (T8) and cool chamber (T9), peak in ethylene 
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Table 8. Effect of shrink packaging and storage temperature on ethylene evolution rate (%) of avocado during storage 
 

Treatments Initial 3DAS 6DAS 9DAS 12DAS 15DAS 18DAS 21DAS 24DAS 27DAS 
T 

1 
 

 

 

 

 
5.28 

20.87
b
 16.97

b
 * 

      

T 
2 6.33

d
 9.80

c
 12.23

a
 12.03

a
 15.67

a
 28.30

a
 * * * 

T 
3 12.53

c
 6.70

c
 12.30

a
 10.33

ab
 13.57

b
 15.17

b
 12.53

a
 * * 

T 
4 22.43

a
 26.87

a
 11.53

a
 

   
* * * 

T 
5 11.27

c
 6.10

cd
 6.00

b
 7.90

b
 6.87

c
 8.30

bc
 * * * 

T 
6 1.80

e
 2.23

de
 3.70

bc
 0.40

d
 0.53

e
 1.07

c
 0.27

d
 0.27 * 

T 
7 1.33

e
 6.27

c
 9.60

a
 3.23

c
 3.00

d
 * * * * 

T 
8 2.27

e
 2.50

de
 2.13

c
 2.03

cd
 1.00

de
 3.23

c
 3.23

b
 2.63 2.50 

T 
9 1.93

e
 2.07

e
 4.10

bc
 1.57

cd
 2.17

de
 2.53

c
 2.63

c
 9.37 8.67 

CD (0.05 %)  1.42 3.91 3.58 2.77 2.08 7.54 0.57 0.43  
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T1- Control + ambient condition 

T4- CaCl2 + ambient condition 
T7- CaCl2 + shrink packaging + ambient condition 

DAS: Days after storage 

T2- Control + refrigeration 

T5- CaCl2 + refrigeration 

T3- Control + cool chamber 

T6- CaCl2 + cool chamber 
T8- CaCl2 + shrink packaging + refrigeration T9- CaCl2 + shrink packaging + cool chamber 

* - Unmarketable NS- Non-significant 



 

evolution was observed towards the end of storage, which indicated the slow rate of 

ripening. 

4.2.1.5. Texture (kg/cm
2
) 

Texture is the resistance appeared when force is applied on the fruit indicating 

the quality and consumer acceptance of the fruit. Improper handling, unfavorable 

storage conditions adversely affect the texture and the decline in firmness corresponds 

to the end of storage life. The firmness of the fruits under storage decreased towards 

the end of storage. 

Highest retention of firmness during storage was noticed in fruits under cool 

chamber and refrigeration. In cool chamber, texture of fruits kept as control (T3) 

decreased from 11.01 to 0.29 kg/cm
2
 during 21 days of storage, in calcium chloride pre- 

treated fruits (T6) it decreased from 10.30 to 0.24 kg/cm
2
 during 24 days of storage and 

in calcium chloride pre-treated shrink packaged fruits (T9) from 6.60 to 0.33 kg/cm
2
 

during 27 days of storage. While in fruits under refrigeration, texture of the control (T2) 

decreased from 9.34 to 1.79 kg/cm
2
, in calcium chloride pre-treated fruits (T5) it 

decreased from 10.88 to 0.12 kg/cm
2
 during 18 days of storage and in calcium chloride 

pre-treated shrink packaged fruits (T8) from 10.55 to 0.15 kg/cm
2
 during 27 days of 

storage. The results are given in Table 9. 

4.2.1.6. Decay (%) 

Avocado fruits were noticed with physiological disorders such as grey pulp, 

pulp spot, mesocarp discoloration, in addition to the chilling injury and microbial 

attack, which lead to the decay of fruit during storage. It was noticed that the fruits 

stored as control without any packaging under ambient storage (T1) decayed completely 

within 9 days after storage. Control (T2) and calcium chloride pre-treated (T5) fruits 

under refrigeration were reported with 100 per cent decay after 21 days and in those 

under cool chamber, 100 per cent decay were observed after 24 days of storage. 

Calcium chloride pre-treated shrink packaged fruits under refrigeration (T8) and cool 

chamber (T9) remained without 100 percent decay up to 27 days of storage, indicated 

the slow pace of decay of fruits (Table 10). 

4.2.1.7. Post harvest disease incidence 

One of the major loss of avocado is the result of post harvest disease which may 

have initiated from the field. During post harvest storage of avocado, with the end of 
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Table 9. Effect of shrink packaging and storage temperature on texture (kg/cm²) of avocado during storage 
 

Treatments Initial 3DAS 6DAS 9DAS 12DAS 15DAS 18DAS 21DAS 24DAS 27DAS 

T 
1 

 

 

 

 

 
11.37 

4.23
d
 1.43

d
 * * * * * * * 

T 
2 9.34

b
 1.47

d
 0.85 0.41

e
 2.95 1.79

ab
 * * * 

T 
3 11.01

a
 4.64

b
 3.89 3.18

ab
 2.43 2.00

ab
 0.29

c
 * * 

T 
4 1.16

d
 0.55

d
 4.46 * * * * * * 

T 
5 10.88

a
 3.20

c
 0.30 4.16

a
 0.27 0.12

c
 * * * 

T 
6 10.30

a
 4.20

bc
 3.02 1.62

d
 1.33 0.56

bc
 0.31

c
 0.24 * 

T 
7 1.03

d
 0.64

d
 0.67 2.90

bc
 1.58 * * * * 

T 
8 10.55

a
 4.96

b
 4.17 3.14

ab
 1.81 1.21

abc
 0.62

a
 0.57 0.15 

T 
9 6.60

c
 7.73

a
 3.21 1.95

cd
 2.50 2.58

a
 0.47

b
 0.38 0.33 

CD (0.05 %)  0.75 1.38 NS 1.08 NS 1.48 1.00 NS  

T1- Control + ambient condition 

T4- CaCl2 + ambient condition 
T7- CaCl2 + shrink packaging + ambient condition 

DAS: Days after storage 

T2- Control + refrigeration 

T5- CaCl2 + refrigeration 

T3- Control + cool chamber 

T6- CaCl2 + cool chamber 
T8- CaCl2 + shrink packaging + refrigeration T9- CaCl2 + shrink packaging + cool chamber 

* - Unmarketable NS- Non-significant 
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T1- Control + ambient condition 

T4- CaCl2 + ambient condition 
T7- CaCl2 + shrink packaging + ambient condition 

DAS: Days after storage 

T2- Control + refrigeration 

T5- CaCl2 + refrigeration 

T3- Control + cool chamber 

T6- CaCl2 + cool chamber 
T8- CaCl2 + shrink packaging + refrigeration T9- CaCl2 + shrink packaging + cool chamber 

* - Unmarketable NS- Non-significant 

 

 

 

 

Table 10. Effect of shrink packaging and storage temperature on decay (%) of avocado during storage 
 
 

 
3 DAS 6DAS 9DAS 12DAS 15DAS 18DAS 21DAS 24DAS 27DAS 

T1 33.33 66.67 100.00
a
 100.00

a
 100.00

a
 100.00

a
 100.00

a
 100.00 100.00 

T2 0.00 0.00 33.33
c
 49.99

c
 66.66

b
 83.32

b
 100.00

a
 100.00 100.00 

T3 0.00 0.00 0.00 0.00 33.33
c
 49.99

ef
 66.66

c
 100.00 100.00 

T4 33.33 49.99 66.66
b
 100.00

a
 100.00

a
 100.00

a
 100.00

a
 100.00 100.00 

T5 0.00 0.00 0.00 0.00 33.33
c
 66.67

d
 100.00a 100.00 100.00 

T6 0.00 0.00 33.33
c
 46.66

c
 59.99

b
 73.32

c
 86.65

b
 100.00 100.00 

T7 0.00 0.00 33.33
c
 66.67

b
 100.00

a
 100.00

a
 100.00

a
 100.00 100.00 

T8 0.00 0.00 0.00 0.00 33.33
c
 46.22

f
 52.33

d
 66.67 100.00 

T9 0.00 0.00 0.00 0.00 33.33
c
 50.00

e
 66.67

c
 82.33 100.00 

CD (0.05 %) NS NS 8.43 7.28 18.47 3.82 2.44 NS NS 

 



 

storage, fruits were infected with diseases like anthracnose, fruit rot and stem end rot (Plate 

11.). Anthracnose was developed as small brown circular lesions which turned into large dark 

brown or black decay. Stem end rot appeared as dark brown rot at the point of insertion of 

peduncle with off flavour development and became watery. Initially, fruit rot symptoms were 

observed as small irregular brown discolouration on the skin surface and brown streaks in the 

flesh along the vascular bundles and later entire fruit decayed with watery, off flavour 

development. From pathological studies, it was noticed that the fruits were infected with 

Collectotrichum gloeosporioides. Irregular brown spots with rough texture found on fruit were 

reported as scab growth caused by Sphaceloma perseae which affected the fruit even before 

harvest. In avocado, the important post harvest diseases were anthracnose, fruit rot and stem- 

end rot caused by Colletotrichum gloeosporioides and Lasiodiplodia theobromae respectively 

(Bowen et al., 2018). 

4.2.2. Biochemical parameters 

 
4.2.2.1. Total Soluble Solids 

Significantly the highest value of total soluble solids was observed in calcium chloride 

pre-treated fruits under cool chamber (T6) throughout the storage period of 3 weeks, which 

increased from the initial value of 6.33 ºBrix to 9.13, 9.50 and 9.60 ºBrix at 1, 2 and 3 weeks 

after storage respectively. Wide variations were not seen in total soluble solids in avocado fruits 

during 3 weeks of storage among different treatments (Table 11a). Increase in TSS during 

storage indicated the ripening of fruits with the conversion of starch into soluble sugars. While 

lowest TSS content in calcium chloride pre-treated shrink packaged fruits under refrigeration 

(T8) (5.03, 3.60 and 7.53 
0
Brix) and cool chamber (T9) (6.13, 4.23 and 4.00 

0
Brix) at 1, 2 and 

3 weeks after storage indicated the slow rate of ripening of fruits. 

4.2.2.2. Titratable acidity 

Titratable acidity decreased and remained non-significant among the treatments after 

one week of storage (Table 11a). Significantly lower titratable acidity (0.39 %) was recorded 

in control under refrigeration (T2) after two weeks of storage. Higher titratable acidity observed 

in shrink packaged fruits indicated the lower rate of ripening. It increased towards the end of 

storage after three weeks in which calcium chloride pre-treated fruits under cool chamber (T6) 

recorded significantly highest value (2.20 %). 
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Plate 11. Post harvest disease incidence in avocado 
 

 
Anthracnose 

Fruit rot Stem end rot 
 

Collectotrichum gloeosporoides 



 

4.2.2.3. Total carbohydrates 

 
The initial content of total carbohydrates at the time of storage was 3.29 g/100g which 

reduced during storage (Table 11a). Fruits stored as control under ambient condition (T1) had 

highest total carbohydrates (2.66 g/100g) one week after storage. Calcium chloride per-treated 

fruits under refrigeration (T5) (2.20 g/100g) and calcium chloride pre-treated, shrink packaged 

fruits under refrigeration (T8) (0.82 g/100g) were recorded with higher content of total 

carbohydrates after 2 and 3 weeks of storage, respectively. Lower total carbohydrates were 

observed in calcium chloride pre-treated, shrink packaged fruits under cool chamber (T9) (1.43 

g/100g), calcium chloride pre-treated fruits under cool chamber (T6) (0.73 g/100g) and T9 (0.41 

g/100g) after one, two and three weeks after storage, respectively. 

4.2.2.4. Total protein 

Total protein content in the avocado fruits increased after one week of storage and 

decreased towards the end of storage (Table 11a). Avocado fruits had an initial total protein 

content of 1.75 g/100g and after 1 and 2 weeks of storage significantly higher value (2.92 

g/100g) was observed in calcium chloride pre-treated, shrink packaged fruits under 

refrigeration (T8). After 3 weeks of storage significantly higher value was recorded in calcium 

chloride pre-treated fruits under cool chamber (T6) (1.45 g/100g). Significantly lower total 

protein was noticed in calcium chloride pre-treated, shrink packaged fruits under ambient 

storage (T7) after one week of storage (1.64 g/100g) and those under cool chamber (T9) after 

two (1.51 g/100g) and three (0.79 g/100g) weeks of storage. 

4.2.2.5. Vitamin C 

 
Ascorbic acid content of avocado fruits before storage was about 14.67 mg/100g and 

after 1 week of storage it varied among the treatments without any significant difference. 

Higher ascorbic acid content was recorded in fruits stored in cool chamber without any 

treatment (T3) (14.00 mg/100g) after two weeks of storage and calcium chloride pre-treated 

fruits in cool chamber (T6) (16.00 mg/100g) three weeks after storage. Significantly lower 

values were observed in control (T2) (11.33 mg/100g) and chloride pre-treated, shrink 

packaged fruits under refrigeration (T8) (14.00 mg/100g) after two and three weeks of storage. 

It was observed that the ascorbic acid content decreased initially and increased with the end of 

storage (Table 11b). 
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T1- Control + ambient condition 

T4- CaCl2 + ambient condition 
T7- CaCl2 + shrink packaging + ambient condition 

WAS: Weeks after storage 

T2- Control + refrigeration 

T5- CaCl2 + refrigeration 

T3- Control + cool chamber 

T6- CaCl2 + cool chamber 
T8- CaCl2 + shrink packaging + refrigeration T9- CaCl2 + shrink packaging + cool chamber 

* - Unmarketable NS- Non-significant 

 

 

 

 

 

 

Table 11a. Effect of shrink packaging and storage temperature on biochemical parameters of avocado during storage 

Treatm 

ents 

TSS (ºBrix) Titratable acidity (%) Total carbohydrate (g/100g) Total protein (g/100g) 

Initial 
1WA 

S 

2WA 

S 

3WA 

S 
Initial 

1WA 

S 

2WA 

S 
3WAS Initial 1WAS 2WAS 3WAS 

Initi 

al 
1WAS 

2WA 

S 

3WA 

S 

T 
1 

 

 

 

 

 

6.33 

de 

6.67 * *  

 

 

 

 

5.17 

0.78 * *  

 

 

 

 

3.29 

a 

2.66 * *  

 

 
 

1.75 

c 

1.64 * * 

T 
2 

bc 

8.00 
a 

9.00 * 0.49 
c 

0.39 * 
abc 

2.01 
bc 

1.21 * 
bc 

1.99 
cd 

1.90 * 

T 
3 

cd 

7.27 
a 

8.00 
ab 

8.47 0.52 
bc 

0.52 
b 

1.68 
c 

1.50 
bc 

1.10 
bc 

0.62 
b 

2.29 
bc 

2.20 
b 

1.20 

T 
4 

de 

6.93 * * 0.39 * * 
c 

1.56 * * 
a 

2.90 * * 

T 
5 

de 

6.53 
a 

7.67 * 0.52 
ab 

0.65 * 
ab 

2.32 
a 

2.20 * 
b 

2.21 
bc 

2.13 * 

T 
6 

a 

9.13 
a 

9.50 
a 

9.60 0.52 
ab 

0.65 
a 

2.20 
bc 

1.63 
cd 

0.73 
bc 

0.62 
b 

2.32 
b 

2.29 
a 

1.45 

T 
7 

ab 

8.63 
a 

9.00 * 0.36 
a 

0.78 * 
abc 

1.94 
cd 

0.79 * 
c 

1.64 
de 

1.63 * 

T 
8 

f 

5.03 
b 

3.60 
b 

7.53 0.39 
a 

0.78 
b 

1.55 
bc 

1.92 
ab 

1.92 
a 

0.82 
a 

2.92 
a 

2.92 
d 

0.67 

T 
9 

e 

6.13 
b 

4.23 
c 

4.00 0.65 
a 

0.78 
b 

1.55 
c 

1.43 
abc 

1.37 
c 

0.41 
c 

1.67 
e 

1.51 
c 

0.79 

CD 

(0.05 ) 

 
0.86 2.71 1.47 

 
NS 0.25 0.36 

 
2.22 2.63 0.74 

 
0.42 0.40 0.24 
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4.2.2.6. Total phenols 

Total phenolic compounds increased in avocado fruits during 3 weeks of storage 

period (Table 11b). Initial total phenol content was 36.50 mg/100g which increased to 

65.00 mg/100g in calcium chloride pre-treated fruits under ambient condition (T4) after 

1 week of storage and further increased to 70.00 and 85.83 mg/100g after 2 and 3 weeks, 

respectively in calcium chloride pre-treated, shrink packaged fruits under refrigeration 

at 4-7 ºC (T8). 

4.2.2.7. Total fat 

With an initial fat content of 1.90 %, total fat content increased after one week 

of storage in all the treatments except calcium chloride pre-treated, shrink packaged 

fruits under ambient storage (T7) and in cool chamber (T9), and decreased towards the 

end of storage. Throughout the storage significantly highest total fat content was 

observed in calcium chloride pre-treated fruits stored under cool chamber (T6) and it 

recorded 6.83, 6.55 and 4.85 % after one, two and three weeks of storage, respectively 

(Table 11b.). 

By comparing the physical, physiological and biochemical parameters, calcium 

chloride pre-treated fruits with shrink packaging and stored under refrigeration at 4-7 

ºC (T8) was observed as the ideal pre-treatment for storage of avocado fruit. It had 

longer shelf life of 27 days with least PLW, lower respiration rate, ethylene evolution 

rate and decay with better retention of firmness. Less titratable acidity, higher total 

carbohydrates, total protein, total phenols were also observed in the treatment (T8). 

4.3. Effect of food additives on quality of frozen avocado during storage 

Frozen avocado fruit slices pre-treated with sucrose (20-40 %), ascorbic acid 

(0.5 %) in combination with one of the preservatives (potassium metabisulphite, 

sodium benzoate, potassium sorbate at 0.1 %), packed in LDPE pouches and stored at 

-18 ºC for three months are shown in Plate 12. 

4.3.1. Total Soluble Solids (ºBrix) 

 
Initial TSS of avocado fruit was 6.33 ºBrix (Table 12a). Total soluble solids 

increased up to one month of storage and thereafter, decreased throughout the 

remaining storage period. Significantly higher total soluble solids were recorded in the 

fruit slices pre-treated with 40 % sucrose throughout the storage period. Fruit slices pre- 

treated with 40 % sucrose added with potassium metabisulphite (T7) (26.00 ºBrix), 
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Table 11b. Effect of shrink packaging and storage temperature on biochemical parameters of avocado 

Treat 

ments 

Vitamin C (mg/100g) Total phenols (mg/100g) Total fat (%) 

Initial 1WAS 2WAS 3WAS Initial 1WAS 2WAS 3WAS Initial 1WAS 2WAS 3WAS 

T 
1 

 

 

 

 

 

14.67 

12.00 * *  

 

 

 

 

36.50 

cd 

36.50 * *  

 

 

 

 

1.90 

c 

2.63 * * 

T 
2 

12.00 
c 

11.33 * 
bcd 

45.50 
abc 

57.00 * 
b 

4.79 
b 

4.33 * 

T 
3 

14.00 
a 

14.00 
ab 

14.67 
d 

29.50 
c 

51.33 
ab 

76.60 
b 

4.28 
b 

3.80 
ab 

3.56 

T 
4 

13.33 * * 
a 

65.00 * * 
b 

5.21 * * 

T 
5 

10.00 
b 

12.00 * 
cd 

35.00 
c 

43.17 * 
c 

2.11 
c 

1.97 * 

T 
6 

11.33 
b 

12.00 
a 

16.00 
abc 

49.17 
abc 

55.83 
c 

47.57 
a 

6.83 
a 

6.55 
a 

4.85 

T 
7 

10.00 
b 

12.00 * 
abcd 

47.83 
bc 

52.17 * 
c 

1.76 
c 

1.40 * 

T 
8 

10.67 
b 

12.00 
b 

14.00 
ab 

56.50 
a 

70.00 
a 

85.83 
c 

2.23 
c 

1.88 
c 

1.39 

T 
9 

10.67 
b 

12.00 
ab 

14.67 
abc 

51.83 
abc 

57.83 
c 

58.50 
c 

1.49 
c 

1.55 
cd 

1.19 

CD 

(0.05) 

 
NS 1.32 1.47 

 
1.56 1.04 0.87 

 
0.35 0.30 0.30 

 

 

 

 

 

 
78 

T1- Control + ambient condition 

T4- CaCl2 + ambient condition 
T7- CaCl2 + shrink packaging + ambient condition 

WAS: Weeks after storage 

T2- Control + refrigeration 

T5- CaCl2 + refrigeration 

T3- Control + cool chamber 

T6- CaCl2 + cool chamber 
T8- CaCl2 + shrink packaging + refrigeration T9- CaCl2 + shrink packaging + cool chamber 

* - Unmarketable NS- Non-significant 



 

T1- Avocado slices + sucrose (20%) + AA (0.5%) + KMS (0.1%) T2- Avocado slices + sucrose (20%) + AA (0.5%) + NaB (0.1%) 

T3- Avocado slices + sucrose (20%) + AA (0.5%) + KS (0.1%) T4- Avocado slices + sucrose (30%) + AA (0.5%) + KMS (0.1%) 

T5- Avocado slices + sucrose (30%) + AA (0.5%) + NaB (0.1%) T6- Avocado slices + sucrose (30%) + AA (0.5%) + KS (0.1%) 

T7- Avocado slices + sucrose (40%) + AA (0.5%) + KMS (0.1%) T8- Avocado slices + sucrose (40%) + AA (0.5%) + NaB (0.1%) 

T9- Avocado slices + sucrose (40%) + AA (0.5%) + KS (0.1%) MAS: Months after storage 

 

 

 

 

Plate 12. Pre-treated frozen avocado fruit slices during storage 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 



 

potassium sorbate (T9) (23.93 ºBrix) and sodium benzoate (T8) (22.60 ºBrix) had the 

significantly higher TSS after one, two and three months of storage, respectively. 

4.3.2. Titratable acidity (%) 

Initial titratable acidity of the avocado fruit was 1.17 % (Table 12a.). Titratable 

acidity decreased during storage with proportionate increase in the concentration of 

sucrose. There was no significant difference in titratable acidity of avocado fruit slices 

among different treatments after one month of storage. Two months after storage, 

significantly higher titratable acidity (0.65 %) was noticed in avocado fruit slices pre- 

treated with 20 % sucrose and potassium metabisulphite (T1) and lowest (0.26 %) in 40 

% sucrose and potassium sorbate (T9). 

 
4.3.3. Total protein (g/100g) 

 
Fresh avocado fruits had an initial total protein content of 0.87 g/100g (Table 

12a.) and decreased during storage, followed by an increase towards the end of storage 

in fruit slices pre-treated with 40 % sucrose. Significantly higher total protein content 

(0.857, 0.782 and 1.43g/100g) was found in fruit slices pre-treated with 40 % sucrose 

and potassium metabisulphite (T7) after 1, 2 and 3 months of storage, respectively. 

Significantly lower total protein content was observed in fruit slices pre-treated with 30 

% sucrose and potassium metabisulphite (T4) (0.40 g/100g) and 30 % sucrose and 

sodium benzoate (T5) (0.43 g/100g) one week after storage. Two weeks after storage, 

fruit slices pre-treated with 20 % sucrose and potassium sorbate (T3) and 30 % sucrose 

and potassium sorbate (T6) had significantly lower (0.36 g/100g) total protein content. 

4.3.4. Vitamin C (mg/100g) 

 
Initial vitamin C content of avocado fruit was 14.67 mg/100g (Table 12a.). 

Vitamin C content increased in the initial phase of storage and decreased towards the 

end of storage. Significantly higher vitamin C content was recorded in samples pre- 

treated with 40 % sucrose and KMS (T7) (92.00 mg/100g) after one month of storage. 

Avocado fruit slices pre-treated with potassium sorbate at different concentrations (20, 

30 and 40 %) of sucrose had comparatively low vitamin C content (T3, T6 and T9) after 

one month of storage. After 2 weeks of storage, significantly higher vitamin C (62.67 

mg/100g) was noticed in fruit slices pre-treated with 40 % sucrose and sodium benzoate 

(T8) and lower (16.00 mg/100g) in fruit slices pre-treated with 30 % sucrose and 

potassium sorbate (T6). 
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T
1

- Avocado slices + sucrose (20%) + AA (0.5%) + KMS (0.1%) T
2

- Avocado slices + sucrose (20%) + AA (0.5%) + NaB (0.1%) 

T
3

- Avocado slices + sucrose (20%) + AA (0.5%) + KS (0.1%) T
4

- Avocado slices + sucrose (30%) + AA (0.5%) + KMS (0.1%) 

T
5

- Avocado slices + sucrose (30%) + AA (0.5%) + NaB (0.1%) T
6

- Avocado slices + sucrose (30%) + AA (0.5%) + KS (0.1%) 

T
7

- Avocado slices + sucrose (40%) + AA (0.5%) + KMS (0.1%) T
8

- Avocado slices + sucrose (40%) + AA (0.5%) + NaB (0.1%) 

T
9

- Avocado slices + sucrose (40%) + AA (0.5%) + KS (0.1%) 

MAS: Months after storage * - Unmarketable NS- Non-significant 

 

 

 

 

 

 

Table 12a. Effect of food additives on quality of frozen avocado during storage 

Treat 

ments 

TSS (⁰ Brix) Titratable acidity (%) Total protein (g/100g) Vitamin C (mg/100g) 

Initia 

l 
1MAS 2MAS 3MAS 

Initia 

l 
1MAS 2MAS 3MAS Initial 1MAS 2MAS 3MAS Initial 1MAS 2MAS 3MAS 

T 
1 

 

 

 

 

6.33 

cde 

18.80 17.33
d
 *  

 

 

 

1.17 

0.78 
a 

0.65 *  

 

 

 

0.87 

abc 

0.76 
b 

0.63 *  

 

 

 

14.67 

e 

17.33 
b 

18.67 * 

T 
2 

de 

18.60 17.33
d
 * 0.52 

bc 

0.32 * 
bc 

0.70 
b 

0.62 * 
c 

42.67 
b 

20.00 * 

T 
3 

cd 

20.20 17.00
f
 * 0.78 

c 

0.27 * 
bc 

0.70 
c 

0.36 * 
e 

14.67 
b 

20.00 * 

T 
4 

cde 

19.00 * * 0.78 * * 
d 

0.40 * * 
b 

62.67 * * 

T 
5 

e 

17.00 * * 0.78 * * 
d 

0.43 * * 
cd 

34.67 * * 

T 
6 

bc 

20.93 13.93
e
 * 0.52 

ab 

0.52 * 
ab 

0.80 
c 

0.36 * 
e 

18.67 
b 

16.00 * 

T 
7 

a 

26.00 20.20
c
 17.73

b
 0.52 

ab 

0.52 0.32 
a 

0.85 
a 

0.78 1.43 
a 

92.00 
a 

49.33 13.33 

T 
8 

b 

22.87 22.07
b
 22.60

a
 0.52 

bc 

0.32 0.25 
bc 

0.72 
ab 

0.68 1.21 
a 

81.33 
a 

62.67 16.00 

T 
9 

a 

25.67 23.93
a
 16.27

b
 0.52 

c 

0.26 0.19 
c 

0.63 
b 

0.63 1.16 
de 

25.33 
b 

20.00 16.00 

CD 

(0.05) 

 
2.24 1.02 

  
NS 0.25 

  
3.29 2.15 

  
1.27 0.59 
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4.3.5. Total phenols (mg/100g) 

 
Avocado fruit had an initial total phenols content of 36.50 mg/100g (Table 12b). Total 

phenols increased during storage, followed by a decrease towards the end of storage 

and significantly higher values were observed in fruit slices pre-treated with 30 % 

sucrose and KMS (T4) (96.67 mg/100g) and 30 % sucrose and potassium sorbate (T6) 

(98.30 mg/100g) after 1 and 2 months of storage, respectively. Lowest total phenolic 

content was observed in fruit slices pre-treated with 40 % sucrose and potassium 

metabisulphite (T7) (56.67 mg/100g) after 1 month of storage. After 2 months of 

storage, fruit slices pre-treated with 20 % (T3) and 40 % sucrose (T9) with potassium 

sorbate, (76.67 mg/100g) had lowest total phenolic content. 

4.3.6. Total carbohydrate (g/100g) 

 
Avocado had an initial total carbohydrate content of 9.87 g/100g which 

decreased in frozen avocado slices during storage (Table 12b). Fruit slices pre-treated 

with 40 % sucrose and potassium metabisulphite (T7) had significantly higher total 

carbohydrate (10.17 g/100g) and lower value (3.37 g/100g) was observed in fruit slices 

pre-treated with 30 % sucrose and potassium sorbate (T6), after one month of storage. 

After two months of storage, total carbohydrate was significantly higher in samples pre- 

treated with 40 % sucrose added with potassium metabisulphite (T7) (8.20 g/100g), 

sodium benzoate (T8) (8.13 g/100g) and potassium sorbate (T9) (8.43 g/100g). 

4.3.7. Total fat (%) 

 
Avocado had an initial fat content of 1.90 % and it increased after one month of 

storage in fruit slices pre-treated with 20 % sucrose and sodium benzoate (T2), 30 % 

sucrose with potassium metabisulphite (T4) and potassium sorbate (T6) and 40 % 

sucrose with sodium benzoate (T8) and potassium sorbate (T9). After two and three 

months of storage, total fat content decreased in all the pre-treated fruit slices. Total fat 

content varied significantly among the treatments after 1 and 2 months of storage. 

Frozen fruit slices pre-treated with 20 % sucrose and potassium metabisulphite (T1) had 

the lower (0.90 %) fat content and 30 % sucrose and potassium sorbate (T6) had the 

higher (4.25 %) after one month of storage. After two months of storage, 30 % sucrose 

and potassium sorbate (T6) (2.60 %) and fruit slices pre-treated with 40 % sucrose and 

sodium benzoate (T8) (0.44 %) had significantly highest and lowest total fat content 

respectively (Table 12b.). 

81 



 

T
1

- Avocado slices + sucrose (20%) + AA (0.5%) + KMS (0.1%) T
2

- Avocado slices + sucrose (20%) + AA (0.5%) + NaB (0.1%) 

T
3

- Avocado slices + sucrose (20%) + AA (0.5%) + KS (0.1%) T
4

- Avocado slices + sucrose (30%) + AA (0.5%) + KMS (0.1%) 

T
5

- Avocado slices + sucrose (30%) + AA (0.5%) + NaB (0.1%) T
6

- Avocado slices + sucrose (30%) + AA (0.5%) + KS (0.1%) 

T
7

- Avocado slices + sucrose (40%) + AA (0.5%) + KMS (0.1%) T
8

- Avocado slices + sucrose (40%) + AA (0.5%) + NaB (0.1%) 

T
9

- Avocado slices + sucrose (40%) + AA (0.5%) + KS (0.1%) 

MAS: Months after storage * - Unmarketable NS- Non-significant 

 

 

 

 

 

 

 

Table 12b. Effect of food additives on quality of frozen avocado during storage 

Treat 

ments 

Total phenols (mg/100g) Total carbohydrate (g/100g) Total fat (%) 

Initial 1MAS 2MAS 3MAS Initial 1MAS 2MAS 3MAS Initial 1MAS 2MAS 3MAS 

T 
1 

 

 

 

 

 

36.50 

abc 

80.00 
bc 

95.00 *  

 

 

 

 
9.87 

de 

5.03 
c 

4.73 *  

 

 

 

 
1.90 

d 

0.90 
d 

0.53 * 

T 
2 

bcd 

70.00 
c 

85.00 * 
cde 

5.20 
ab 

7.30 * 
ab 

3.30 
b 

1.34 * 

T 
3 

bcd 

70.00 
c 

76.67 * 
bcd 

5.90 
bc 

5.50 * 
cd 

1.39 
bc 

1.06 * 

T 
4 

a 

96.67 * * 
ab 

8.13 * * 
bc 

2.11 * * 

T 
5 

abcd 

78.33 * * 
bcd 

6.43 * * 
cd 

1.51 * * 

T 
6 

ab 

85.33 
a 

98.30 * 
e 

3.37 
ab 

7.20 * 
a 

4.25 
a 

2.60 * 

T 
7 

d 

56.67 
c 

85.00 55.00 
a 

10.17 
a 

8.20 5.53 
cd 

1.32 
cd 

0.61 0.36 

T 
8 

abcd 

76.67 
b 

96.70 48.33 
cde 

5.50 
a 

8.13 6.47 
a 

3.92 
de 

0.44 0.69 

T 
9 

cd 

63.33 
c 

76.67 48.33 
bc 

7.43 
a 

8.43 5.27 
a 

3.62 
d 

0.55 1.67 

CD 

(0.05) 

 
1.19 1.22 

  
2.25 1.89 

  
1.20 0.49 
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4.3.8. Peroxide value 

 
Avocado fruit slices had an initial peroxide value of 12.64 meq O2/kg (Table 

12c.). After one month of storage, highest peroxide value (71.11 meq O2/kg) was 

recorded in frozen fruit slices pre-treated with 30 % sucrose and potassium sorbate (T6). 

The lowest peroxide value was observed in frozen fruit slices pre-treated with 40 % 

sucrose and KMS (T7) after one (15.56 meq O2/kg) and two (22.64 meq O2/kg) months 

after storage. Significantly lower peroxide values were obtained in all the samples 

preserved with potassium metabisulphite. The oxidative deterioration of avocado slices 

was marginal in all the samples except the rancid taste towards the end of storage. 

4.3.9. Polyphenol oxidase activity 

 
Polyphenol oxidase (PPO) activity increased with increase in the period of 

storage and lower enzyme activity was observed in fruit slices pre-treated with 40 % 

sucrose and potassium sorbate (T9) after one (20.00 unit/ml) and two (65.00 unit/ml) 

months of storage. Fruit slices pre-treated with 40 % sucrose and potassium 

metabisulphite (T7) had lower polyphenoloxidase activity after three months of storage 

(127.00 unit/ml). All the fruit slices pre-treated with higher concentration sucrose had 

relatively lower enzymatic activity and subsequent browning during the storage (Table 

12c.). 

4.3.10. Water activity 

 
Water activity of the fresh avocado fruit sample was 0.998 (Table 12c.). A 

decrease in water activity was noticed in the initial phase of storage and thereafter it 

increased till the end of storage. After one and two months of storage, significantly 

lower water activity (0.956 and 0.965) was noticed in fruit slices pre-treated with 40 % 

sucrose and potassium metabisulphite (T7) and higher (0.995 and 0.999) in fruit slices 

pre-treated with 20 % sucrose and sodium benzoate (T2), respectively. The effect of 

higher concentration of sucrose and potassium metabisulphite in the preservation of 

frozen avocado slices by lowering the water activity is evident from the result obtained. 

4.3.11. Microbial population 

 
Initial bacterial count observed in fresh avocado sample was 0.15x10

5
 cfu/g. 

Bacterial population was not detected in fruit slices pre-treated with 40 % sucrose added 

with potassium metabisulphite (T7) and sodium benzoate (T8) throughout the storage. 
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Table 12c. Effect of food additives on quality of frozen avocado during storage 
 

 

Treatments 
Water activity Peroxide value (meq O2/kg) Polyphenol oxidase activity (unit/ml) 

Initial 1MAS 2MAS 3MAS Initial 1MAS 2MAS 3MAS Initial 1MAS 2MAS 3MAS 

T1  

 

 

 

 

 
0.998 

0.983
b
 0.994

ab
 

*  

 

 

 

 

 

12.64 

17.12
b
 88.37

a
 

*  

 

 

 

 

 

15.00 

252.50
a
 500.00

a
 * 

T2 0.995
a
 0.999

a
 

* 
21.24

b
 88.28

a
 

* 162.50
b
 407.50

a
 * 

T3 0.978
c
 0.998

ab
 

* 
62.90

a
 54.88

ab
 

* 132.50
bc

 497.50
a
 * 

T4 0.978
c
 * * 

33.29
b
 * * 270.00

a
 * * 

T5 0.985
b
 * * 

36.58
b
 * * 45.00

d
 * * 

T6 0.979
c
 0.998

ab
 

* 
71.11

a
 88.00

a
 

* 37.50
d
 340.00

a
 * 

T7 0.956
e
 0.965

d
 0.982 15.56

b
 22.64

bc
 20.73 45.00

d
 91.00

b
 127.50 

T8 0.958
e
 0.981

c
 0.998 33.39

b
 33.27

bc
 29.32 75.00

cd
 140.00

b
 162.50 

T9 0.964
d
 0.992

bc

 0.993 17.18
b
 36.44

bc
 13.47 20.00

d
 65.00

b
 162.50 

CD (0.05) 
 

0.004 0.012 
  

2.02 2.18 
  

66.53 176.09 NS 
 

 

T
1

- Avocado slices + sucrose (20%) + AA (0.5%) + KMS (0.1%) T
2

- Avocado slices + sucrose (20%) + AA (0.5%) + NaB (0.1%) 

T
3

- Avocado slices + sucrose (20%) + AA (0.5%) + KS (0.1%) T
4

- Avocado slices + sucrose (30%) + AA (0.5%) + KMS (0.1%) 

T
5

- Avocado slices + sucrose (30%) + AA (0.5%) + NaB (0.1%) T
6

- Avocado slices + sucrose (30%) + AA (0.5%) + KS (0.1%) 

T
7

- Avocado slices + sucrose (40%) + AA (0.5%) + KMS (0.1%) T
8

- Avocado slices + sucrose (40%) + AA (0.5%) + NaB (0.1%) 

T
9

- Avocado slices + sucrose (40%) + AA (0.5%) + KS (0.1%) 

MAS: Months after storage * - Unmarketable NS- Non-significant 
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T1- Avocado slices + sucrose (20%) + AA (0.5%) + KMS (0.1%) T2- Avocado slices + sucrose (20%) + AA (0.5%) + NaB (0.1%) 

T3- Avocado slices + sucrose (20%) + AA (0.5%) + KS (0.1%) T4- Avocado slices + sucrose (30%) + AA (0.5%) + KMS (0.1%) 

T5- Avocado slices + sucrose (30%) + AA (0.5%) + NaB (0.1%) T6- Avocado slices + sucrose (30%) + AA (0.5%) + KS (0.1%) 

T7- Avocado slices + sucrose (40%) + AA (0.5%) + KMS (0.1%) T8- Avocado slices + sucrose (40%) + AA (0.5%) + NaB (0.1%) 

T9- Avocado slices + sucrose (40%) + AA (0.5%) + KS (0.1%) 

MAS: Months after storage * - Unmarketable 

B: Bacteria (10
5
 cfu/g) Y: Yeast (10

4
 cfu/g) F: Fungi (10

3
 cfu/g) 

 

 

 

 
 

Table 13. Effect of food additives on microbial population of frozen avocado during storage 

Microbial population (bacteria, fungi and yeast) 

Treatments 
Initial 1MAS 2MAS 3MAS 

B Y F B Y F B Y F B Y F 

T 
1 

 

 

 

 

 

1.5 

 

 

 

 

 

0 

 

 

 

 

 

0 

2.3
b
 0.0 2.0

a
 3.3

bc
 1.0 13.7

a
 * * * 

T 
2 

0.0
d
 0.0 0.0 2.0

cd
 0.0 2.0

b
 * * * 

T 
3 

2.7
ab

 0.0 1.0
b
 4.3

b
 0.0 1.0

b
 * * * 

T 
4 

2.3
b
 0.0 1.0

b
 * * * * * * 

T 
5 

4.0
a
 0.0 0.0 * * * * * * 

T 
6 

2.0
bc

 0.0 1.0
b
 7.7

a
 0.0 3.0

b
 * * * 

T 
7 

0.0
d
 0.0 0.0 0.0 1.0 0.0 0 7.0 24.0 

T 
8 

0.0
d
 0.0 1.0

b
 0.0 0.0 11.7

a
 0 0.0 43.7 

T 
9 

1.7bcd 0.0 0.0 2.0
cd

 0.0 0.0 13.3 0.0 1.3 

CD (0.05)    1.43 NS 0.73 1.79 NS 4.25 NS NS NS 
 



 

Yeast colonies were not observed in any treatments after one month of storage. In 

treatments T2 (fruit slices pre-treated with 20 % sucrose and sodium benzoate), T5 (fruit 

slices pre-treated with 30 % sucrose and sodium benzoate), T7 (fruit slices pre-treated 

with 40 % sucrose and potassium metabisulphite) and T9 (fruit slices pre-treated with 

40 % sucrose and potassium sorbate), fungal population was not detected, after one 

month of storage. After 2 months, no fungal count was seen in T7 (fruit slices pre-treated 

with 40 % sucrose and potassium metabisulphite) and T9 (fruit slices pre-treated with 

40 % sucrose and potassium sorbate). Yeast population was absent in all the samples 

except T1 (fruit slices pre-treated with 20 % sucrose and potassium metabisulphite) and 

T7 (fruit slices pre-treated with 40 % sucrose and potassium metabisulphite) (1x10
4
 

cfu/10g) after two months of storage. After three months of storage, yeast population 

(7x10
4
 cfu/10g) was observed only in T7 (fruit slices pre-treated with 40 % sucrose and 

potassium metabisulphite). 

Lower microbial population was noticed in fruit slices pre-treated with 40 % 

sucrose and potassium metabisulphite (T7) throughout the storage. Both bacterial and 

yeast colonies were absent in fruit slices pre-treated with 40 % sucrose and sodium 

benzoate (T8) throughout the storage. In fruit slices pre-treated with 40 % sucrose and 

potassium sorbate (T9) yeast and fungal population remained low throughout the 

storage (Table 13). 

4.3.12. Organoleptic evaluation 

 
After one month storage of frozen avocado fruit slices, highest consumer 

acceptance with total scores of 64.1 was noticed in T3 (fruit slices pre-treated with 20 

% sucrose and potassium sorbate) followed by T7 (fruit slices pre-treated with 40 % 

sucrose and KMS) (64) as shown in the Table 14. After two months of storage, T7 

obtained total scores 60.8 which was the highest and it reduced to 56.2 after 3 months. 

Fruit slices pre-treated with T7 retained higher organoleptic scores throughout the 

storage. Even though the organoleptic qualities of the frozen avocado slices decreased 

towards the end of storage due to the rancidity, off-flavour and reduction in texture, 

fruit slices pre-treated with 40% sucrose remained acceptable up to 3 months of storage. 

Considering the higher TSS (26.00 ºBrix), vitamin C (92.00 mg/100g), total 

carbohydrates (10.17 g/100g), total protein (0.85 to 1.43 g/100g) and organoleptic 

acceptability along with lower values for total phenols (56.67 mg/100g), water activity 

 

86 



 

T - Avocado slices + sucrose (20%) + AA (0.5%) + KMS (0.1%) 
1 

T - Avocado slices + sucrose (20%) + AA (0.5%) + KS (0.1%) 
3 

T - Avocado slices + sucrose (30%) + AA (0.5%) + NaB (0.1%) 
5 

T - Avocado slices + sucrose (40%) + AA (0.5%) + KMS (0.1%) 
7 

T - Avocado slices + sucrose (40%) + AA (0.5%) + KS (0.1%) 
9 

T - Avocado slices + sucrose (20%) + AA (0.5%) + NaB (0.1%) 
2 

T - Avocado slices + sucrose (30%) + AA (0.5%) + KMS (0.1%) 
4 

T - Avocado slices + sucrose (30%) + AA (0.5%) + KS (0.1%) 
6 

T - Avocado slices + sucrose (40%) + AA (0.5%) + NaB (0.1%) 
8 

MAS: Months after storage 

A: Appearance C: Colour Te: Texture F: Flavour Ta: Taste At: After taste O: Odour 

* - Unmarketable 

Oa: Overall acceptability Ts: Total score 

 

 

 

 

 

Table 14. Effect of food additives on organoleptic scores of frozen avocado during storage 
Organoleptic evaluation 

Treat 

ments 

1MAS 2MAS 3MAS 

A C Te F O Ta At Oa Ts A C Te F O Ta At Oa Ts A C Te F O Ta At Oa Ts 

T1 7.8 8 8.6 7.2 8.5 7.8 6.6 8.5 63.0 7.3 7.4 7.0 6.7 6.1 6.9 6.1 7.1 54.6 * * * * * * * * * 

T2 7.2 7.1 7.4 7.4 7.7 7.2 7.4 7.2 58.6 5.4 4.7 6.5 6.2 5.8 6.3 5.6 6.0 46.5 * * * * * * * * * 

T3 8.3 8.1 7.3 8.4 8.5 7.5 7.9 8.1 64.1 7.5 7.5 7.2 7.0 7.1 7.2 6.8 7.4 57.7 * * * * * * * * * 

T4 7.3 7.5 6.7 7.4 6.9 7.5 6.1 7.5 56.9 * * * * * * * * * * * * * * * * * * 

T5 8 7.3 8.6 7.9 7.3 7.4 6.7 7.7 60.9 * * * * * * * * * * * * * * * * * * 

T6 7.5 7.4 8.3 8.1 7.1 7.6 7.6 7.7 61.3 5.3 4.9 6.0 5.8 6.1 7.2 5.6 6.1 47 * * * * * * * * * 

T7 7.9 8.2 8.0 8.2 8.0 7.9 7.6 8.2 64.0 7.9 8.2 7.3 7.3 7.1 8.8 6.6 7.6 60.8 7.4 7.6 6.8 7.4 6.2 6.0 6.6 7.2 56.2 

T8 7.9 7.3 7.4 7.8 8.4 7.5 7.9 7.9 62.1 6.9 6.7 6.4 6.0 6.4 6.2 5.5 6.7 50.8 6.0 5.8 6.2 6.8 5.4 6.0 5.4 5.8 48.4 

T9 7.6 8.1 7.9 7.7 7.4 7.3 7.5 7.9 61.4 6.7 6.7 6.7 6.5 6.6 6.6 5.7 6.8 52.3 6.2 6.2 6.4 7.0 6.0 6.0 5.8 6.0 53.6 

Kend 

all’s 

W 
Test 

0
.1

1
7
 

0
.1

7
7
 

0
.2

1
6
 

0
.1

5
 

0
.2

7
 

0
.1

2
5
 

0
.3

1
 

0
.1

0
8
  

0
.7

4
8
 

0
.7

9
1
 

0
.2

7
3
 

0
.1

9
4
 

0
.1

3
9
 

0
.1

0
4
 

0
.2

1
8
 

0
.4

4
6
  

0
.4

1
 

0
.5

4
7
 

0
.2

8
5
 

0
.0

4
 

0
.2

1
6
 

0
.2

6
1
 

0
.0

3
7
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(0.956 to 0.982), peroxide value (15.56 to 22.64 meq./kg) and microbial 

population, frozen avocado slices added with 40 % sucrose, 0.5 % ascorbic acid and 

0.1 % KMS (T7) was observed as the ideal pre-treatment for the preservation of frozen 

avocado slices for three months. 

4.3.13. Cost of production 

 
The total cost for the preparation of one kilogram frozen avocado fruit slices 

pre-treated with 40 % sucrose, 0.5 % ascorbic acid and 0.1 % KMS and packed in 200 

gauge LDPE pouches was about Rs. 450.23/- (Table 15) 

Table 15. Cost of production of 1 kg frozen avocado slices 
 

Frozen avocado slices Rate Quantity Cost (Rs.) 

Avocado fruits Rs.200/kg 1.25 kg 250.00 

Blast freezer (1kWh) Rs.5/unit 30 min 2.50 

Sucrose (20-40 %) Rs.200/500 g 400 g/kg 150.00 

Ascorbic acid (0.5 %) Rs.300/500 g 5 g 3.00 

KMS (0.1%) Rs.368/500 g 1 g 0.73 

LDPE pouches (200 gauge) Rs.100/kg 4 no. 4.00 

Labour charge 600/8hr 2 hr 40.00 

Total cost 
  

Rs.450.23/kg 

 
 

4.4. Effect of food additives on quality of avocado pulp and avocado fruit powder 

 
4.4.1. Process standardization for preparation and storage of avocado pulp 

 
Avocado fruit pulp pre-treated with 0.5 % citric acid and ascorbic acid 

separately, in combination with a preservative, either potassium metabisulphite (KMS) 

or sodium benzoate @ 0.1 %, enclosed in glass jars and in vacuum packed LDPE (200 

gauge) bags separately and stored under ambient and refrigerated conditions for 3 

months are shown in Plate 13. 

4.4.1.1. Pulp yield 

 
The average pulp yield obtained from ripe avocado fruits after removing the peel and 

seed was 71.42 %. 
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Plate 13. Pre-treated avocado fruit pulp during storage 

 

 

 

Initial 

 

 

 

 

 

1MAS 

 

 

 

2MAS 

 

 

 

3MAS 

 
 T1 - Pulp + CA +KMS + LDPE bags + AT T2 - Pulp + CA +KMS + LDPE bags + RT T3- Pulp + CA + KMS + glass jars + AT 

T4 - Pulp + CA +KMS + glass jars + RT  T5- Pulp + CA +NaB  + LDPE bags + AT T6 - Pulp + CA+NaB + LDPE bags + RT 

T7 - Pulp + CA +NaB  + glass jars + AT  T8- Pulp + CA +NaB  + glass jars + RT T9 -Pulp + AA+KMS + LDPE bags + AT 

T10 - Pulp + AA +KMS+ LDPE bags+ RT T11- Pulp + AA +KMS+ glass jars + AT  T12- Pulp + AA +KMS + glass jars + RT 

T13 - Pulp + AA +NaB + LDPE bags+ AT T14- Pulp + AA +NaB + LDPE bags + RT  T15- Pulp + AA +NaB + glass jars + AT 

T16 - Pulp + AA +NaB + glass jars  + RT   MAS: Months after storage 



 

It was observed that avocado fruit pulp stored under ambient condition T1 (fruit 

pulp pre-treated with citric acid and KMS packed in LDPE bags and stored in ambient 

temperature), T3 (fruit pulp pre-treated with citric acid and KMS packed in glass jars 

and stored in ambient temperature), T5 (fruit pulp pre-treated with citric acid and 

sodium benzoate packed in LDPE bags and stored in ambient temperature), T7 (fruit 

pulp pre-treated with citric acid and sodium benzoate packed in glass jars and stored in 

ambient temperature), T9 (fruit pulp pre-treated with ascorbic acid and KMS packed in 

LDPE bags and stored in ambient temperature), T11 (fruit pulp pretreated with ascorbic 

acid and KMS packed in glass jars and stored in ambient temperature), T13 (fruit pulp 

pre-treated with ascorbic acid and sodium benzoate packed in LDPE bags and stored in 

ambient temperature) and T15 (fruit pulp pre-treated with ascorbic acid and sodium 

benzoate packed in glass jars and stored in ambient temperature) became unmarketable 

within 1 month after storage, regardless of the different pre-treatments and packaging 

conditions. In these treatments fruit pulp discoloration, rancid taste, off flavour 

development and loss of texture along with microbial spoilage were observed within 

one month of storage. The results revealed faster rate of oxidation and further 

deterioration of avocado fruit pulp due to the exposure to light and air, under ambient 

condition. 

4.4.1.2. Total Soluble Solids (ºBrix) 

 
Total soluble solids of avocado fruit pulp decreased during storage of three 

months among which significantly higher value was observed in fruit pulp pre-treated 

with citric acid and sodium benzoate packed in LDPE bags and stored in refrigerated 

temperature (T6) (7.60 ºBrix) one month after storage and it varied non significantly 

after two months of storage (Table 16a). 

4.4.1.3. Titratable acidity (%) 

 
Significantly higher titratable acidity was observed in T6 (fruit pulp pre-treated 

with citric acid and sodium benzoate packed in LDPE bags and stored in refrigerated 

temperature), T8 (fruit pulp pre-treated with citric acid and sodium benzoate packed in 

glass jars and stored in refrigerated temperature), T10 (fruit pulp pre-treated with 

ascorbic acid and KMS packed in LDPE bags and stored in refrigerated temperature) 

and T14 (fruit pulp pre-treated with ascorbic acid and sodium benzoate packed in LDPE 

bags and stored in refrigerated temperature) (0.67 %) after one month of storage and 

after two months of storage it varied without any significance difference among the 
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treatments. In all the treatments, titratable acidity increased after one month of storage 

except T4 (fruit pulp pre-treated with citric acid and KMS packed in glass jars and stored 

in refrigerated temperature), which decreased to significantly lower titratable acidity 

(0.22%) (Table 16a). 

4.4.1.4. Total protein (g/100g) 

 
It was observed that during storage total protein content of avocado pulp 

increased one month after storage and decreased after two months of storage. After 1 

and 2 months of storage, T12 (fruit pulp treated with ascorbic acid and KMS packed in 

glass jars and stored in refrigerated temperature) recorded significantly higher protein 

content of 3.56 and 1.36 g/100g, respectively. An increase in the total protein content 

(1.55 g/100g) was observed in T4 (fruit pulp treated with citric acid and KMS packed 

in glass jars and stored in refrigerated temperature) and T10 (fruit pulp treated with 

ascorbic acid and KMS packed in LDPE bags and stored in refrigerated temperature) 

after three months of storage (Table 16a). 

4.4.1.5. Vitamin C (mg/100g) 

 
Vitamin C content in avocado fruit pulp increased from an initial value of 12.00 

mg/100g in all the treatments after one month of storage and decreased thereafter 

towards the end of storage and it remained non-significant among the treatment 

throughout the storage (Table 16a). 

4.4.1.6 Total phenols (mg/100g) 

 
Total phenolic content varied significantly among the treatments only after 2 months of 

storage and significantly higher value was noticed in fruit pulp pre-treated with ascorbic 

acid and KMS packed in glass jars and stored in refrigerated temperature (T12) (18.83 

mg/100g) as per the result shown in Table 16b. 

A steep rise in the total phenol content was observed after one month of storage 

and it decreased after 2 months and again increased after three months of storage in the 

remaining treatments such as T4 (fruit pulp pre-treated with citric acid and KMS packed 

in glass jars and stored in refrigerated temperature) (18.33 mg/100g), T10 (fruit pulp 

pre-treated with ascorbic acid and KMS packed in LDPE bags and stored in refrigerated 

temperature) (53.33 mg/100g) and T12 (fruit pulp pre-treated with ascorbic acid and 

KMS packed in glass jars and stored in refrigerated temperature) (51.67 mg/100g). 
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T1  - Pulp  + CA +KMS+ LDPE bags+ AT 
T4 - Pulp + CA +KMS+ glass jars + RT 

T7 - Pulp + CA +NaB + glass jars + AT 

T10- Pulp + AA +KMS + LDPE bags+ RT 

T13- Pulp + AA +NaB  + LDPE bags+ AT 

T2  - Pulp + CA +KMS + LDPE bags + RT 
T5  - Pulp + CA +NaB   + LDPE bags + AT 

T3 - Pulp + CA +KMS + glass jars + AT 

T8 - Pulp + CA +NaB + glass jars 

T11- Pulp + AA +KMS + glass jars 

+ RT 
+ AT 

T6 - Pulp + CA +NaB + LDPE bags + RT 

T9 - Pulp + AA +KMS + LDPE bags + AT 

T14- Pulp + AA +NaB + LDPE bags + RT 
T12- Pulp + AA +KMS + glass jars 

T15- Pulp + AA +NaB + glass jars 

+ RT 
+ AT 

T16- Pulp + AA +NaB  + glass jars + RT 

MAS: Months after storage * - Unmarketable NS- Non-significant 

 

 

 

Table 16a. Effect of food additives on quality of avocado pulp during storage 

Treat 

ment 

s 

TSS (⁰ Brix) Titratable acidity (%) Total protein (g/100g) Vitamin C (mg/100g) 

Initial 1MAS 2MAS 3MAS Initial 1MAS 2MAS 3MAS Initial 1MAS 2MAS 3MAS Initial 1MAS 2MAS 3MAS 

T2  

 

 

 

 
7.53 

7.00 ab
 4.50   

 

 

 

 
0.32 

0.67
a
 0.67 *  

 

 

 

 
0.287 

2.39
d
 1.00

bc
 *  

 

 

 

 
12.00 

24.00 12.00 * 

T4 6.40
abc

 5.40 3.73 0.22
c
 0.56 1.12 2.87

cd
 1.12

ab
 1.55 18.67 15.00 8.00 

T6 7.60
a
 * * 0.67

a
 * * 3.00

bc
 * * 18.67 * * 

T8 5.40
c
 * * 0.67

a
 * * 3.30

abc
 * * 21.33 * * 

T10 6.50
abc

 3.00 2.13 0.67
a
 0.56 0.61 

2.91
bc

 
d 1.03

bc
 1.55 15.33 14.00 8.00 

T12 5.93
bc

 2.47 1.67 0.45
b
 0.45 0.28 3.56

a
 1.36

a
 1.27 17.33 14.00 8.00 

T14 7.00 ab
 2.60 * 0.67

a
 0.34 * 3.38

b
 0.91

c
 * 18.67 15.00 * 

T16 6.73a
b
 3.00 * 0.34

bc
 0.78 * 2.88

cd
 1.03

c
 * 18.67 15.00 * 

CD 

(0.05) 

 
1.21 NS 

  
0.13 NS 

  
5.49 2.032 

  
NS NS 
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4.4.1.7. Total carbohydrate (g/100g) 

 
Total carbohydrate present in the fruit pulp before storage was 0.93 g/100g and it 

varied non-significantly among the treatments after one month of storage. Significantly 

higher value of total carbohydrate was observed in T4 (fruit pulp pre-treated with citric acid 

and KMS packed in glass jars and stored in refrigerated temperature) (8.87 g/100g) and T12 

(fruit pulp pre-treated with ascorbic acid and KMS packed in glass jars and stored in 

refrigerated temperature) (8.83 g/100g) after 2 months of storage. It was observed that total 

carbohydrate content increased after one month of storage and decreased afterwards up to 

the end of storage period (Table 16b). 

4.4.1.8. Total fat (%) 

 
From an initial value of 1.51 %, total fat content increased gradually during storage 

and varied significantly among the treatments and higher values were observed in fruit pulp 

pre-treated with ascorbic acid and KMS packed in LDPE bags and stored in refrigerated 

temperature (T10) (14.10 %) and fruit pulp pre-treated with ascorbic acid and sodium 

benzoate packed in LDPE bags and stored in refrigerated temperature (T14) (18.85 %) after 

1 and 2 months of storage, respectively (Table 16b). 

4.4.1.9. Water activity 

 
It was observed that as the storage period increased, water activity in the samples 

also increased and remained without much difference towards the end of storage (Table 

16b). A significant variation was noticed only after one month of storage, among which 

lower water activity (0.980) was seen in fruit pulp pre-treated with citric acid and KMS, 

packed in LDPE bags and stored in refrigerated temperature (T2) and fruit pulp pre-treated 

with ascorbic acid and KMS, packed in LDPE bags and stored in refrigerated temperature 

(T10). 

4.4.1.10. Peroxide value (meq/kg) 

 
Peroxide value of avocado fruit pulp increased throughout the storage of three 

months, from an initial value of 1.39 meq/kg (Table 16c). After one month of storage, 

peroxide value varied significantly among the treatments in which the lower value (1.53 

meq /kg) was observed in fruit pulp pre-treated with citric acid and KMS packed in glass 

jars and stored in refrigerated temperature (T4) and highest (5.50 meq/kg) in fruit pulp pre- 

treated with ascorbic acid and sodium benzoate packed in LDPE bags and stored in 
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T1  - Pulp  + CA +KMS+ LDPE bags+ AT 
T4 - Pulp + CA +KMS+ glass jars + RT 

T7 - Pulp + CA +NaB + glass jars + AT 

T10- Pulp + AA +KMS + LDPE bags+ RT 

T13- Pulp + AA +NaB  + LDPE bags+ AT 
T16- Pulp + AA +NaB + glass jars + RT 

MAS: Months after storage 

T2  - Pulp + CA +KMS + LDPE bags + RT 
T5  - Pulp + CA +NaB   + LDPE bags + AT 

T8 - Pulp + CA +NaB + glass jars 

T11- Pulp + AA +KMS + glass jars 

+ RT 
+ AT 

T3 - Pulp + CA +KMS + glass jars + AT 

T6 - Pulp + CA +NaB + LDPE bags + RT 

T9 - Pulp + AA +KMS + LDPE bags + AT 

T14- Pulp + AA +NaB + LDPE bags + RT 
T12- Pulp + AA +KMS + glass jars 

T15- Pulp + AA +NaB + glass jars 

+ RT 
+ AT 

* - Unmarketable NS- Non-significant 

 

 

 
 

Table 16b. Effect of food additives on quality of avocado pulp during storage 

Treatm 

ents 

Total phenols (mg/100g) Total carbohydrate (g/100g) Total fat (%) Water activity 

Initial 1MAS 2MAS 3MAS Initial 1MAS 2MAS 3MAS Initial 1MAS 2MAS 3MAS 
Initia 

l 
1MAS 2MAS 3MAS 

T2 
 

 

 

 

 

 
 

10.67 

49.33 
10.67 

c *  

 

 

 

 

 
 

0.93 

12.43 6.43
b
 *  

 

 

 

 

 
 

1.51 

7.90
e
 10.18

c
 *  

 

 

 

 

 
0.97 

0 

0.980
c
 0.990 * 

T4 55.50 
14.00 

b 18.33 9.07 8.87
a
 1.33 11.43

c
 16.31

b
 18.22 0.982

c
 0.990 0.986 

T6 49.50 * * 4.90 * * 6.52
f
 * * 0.995

a
 * * 

T8 57.83 * * 4.47 * * 4.40
g
 * * 0.998

a
 * * 

T10 37.43 
17.17 

a 53.33 5.57 6.17
b
 1.03 14.10

a
 15.50

b
 17.18 0.980

c
 0.990 0.991 

T12 47.83 
18.83 

a 51.67 8.17 8.83
a
 1.53 12.46

b
 9.30

c
 13.82 0.993

b
 0.990 0.990 

T14 56.00 
16.83 

a * 7.50 5.90
b
 * 10.13

d
 18.85

a
 * 0.990

b
 0.990 * 

T16 62.83 
16.67 

a * 11.37 6.40
b
 * 2.31

h
 7.27

d
 * 0.991

b
 0.990 * 

CD 

(0.05) 

 
NS 2.37 

  
NS 2.30 

  
0.56 1.62 

  
0.01 NS 
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refrigerated temperature (T14). It varied non-significantly among the treatments 

after two months of storage. 

4.4.1.11. Viscosity (cP) 

 
Viscosity decreased throughout the storage with an initial viscosity of 3276 cP 

and fruit pulp pre-treated with ascorbic acid and potassium metabisulphite, packed in 

LDPE bags and stored in refrigerated temperature (T10) was recorded with significantly 

higher viscosity of 2505.6 and 846 cP after one and two months of storage, respectively. 

It was observed that the consistency of fruit pulp decreased and became more watery 

towards the end of storage, which may be due to the decrease in viscosity (Table 16c). 

4.4.1.12. Polyphenol oxidase activity (unit/ml) 

 
Polyphenol oxidase activity increase during storage and significantly lower 

enzyme activity was observed in fruit pulp pre-treated with citric acid and sodium 

benzoate packed in LDPE bags and stored in refrigerated temperature (T6) and all the 

samples pre-treated with ascorbic acid after one month of storage. After two months of 

storage, significantly lower enzyme activity was observed in fruit pulp treated with 

ascorbic acid and sodium benzoate packed in LDPE bags and stored in refrigerated 

temperature (T14), which indicated the lower rate of browning in fruit pulp (Table 16c). 

4.4.1.13. Microbial load (bacteria, fungi and yeast) 

 
Among the avocado fruit pulp stored under refrigeration, microbial population 

was very less up to 1 month of storage and it increased towards second and third months 

after storage, in which yeast and bacterial population were higher than the fungal 

population (Table 17.). In the fruit pulp before storage, bacterial population was 0.66 x 

10
5
 cfu/g. After one month of storage, microbial population were not observed in the 

samples except bacterial count in T6 (fruit pulp pre-treated with citric acid and sodium 

benzoate packed in LDPE bags and stored in refrigerated temperature) (1 x 10
5
 cfu/g), 

T10 (fruit pulp pre-treated with ascorbic acid and KMS, packed in LDPE bags and stored 

in refrigerated temperature) (1 x 10
5
 cfu/g) and T14 (fruit pulp pre-treated with ascorbic 

acid and sodium benzoate, packed in LDPE bags and stored in refrigerated temperature) 

(7 x 10
5
 cfu/g) and fungal count in T14 (fruit pulp pre-treated with ascorbic acid and 

sodium benzoate, packed in LDPE bags and stored in refrigerated temperature) (2 x 10
3
 

cfu/g). Microbial count was nil in T16 (fruit pulp pre-treated with ascorbic acid and 

sodium benzoate packed in glass jars and stored in refrigerated temperature) up to 2 
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T1  - Pulp  + CA +KMS+ LDPE bags+ AT 
T4 - Pulp + CA +KMS+ glass jars + RT 

T7 - Pulp + CA +NaB + glass jars + AT 

T10- Pulp + AA +KMS + LDPE bags+ RT 

T13- Pulp + AA +NaB  + LDPE bags+ AT 
T16- Pulp + AA +NaB + glass jars + RT 

MAS: Months after storage 

T2  - Pulp + CA +KMS + LDPE bags + RT 
T5  - Pulp + CA +NaB   + LDPE bags + AT 

T8 - Pulp + CA +NaB + glass jars 

T11- Pulp + AA +KMS + glass jars 

+ RT 
+ AT 

T3 - Pulp + CA +KMS + glass jars + AT 

T6 - Pulp + CA +NaB + LDPE bags + RT 

T9 - Pulp + AA +KMS + LDPE bags + AT 

T14- Pulp + AA +NaB + LDPE bags + RT 
T12- Pulp + AA +KMS + glass jars 

T15- Pulp + AA +NaB + glass jars 

+ RT 
+ AT 

* - Unmarketable NS- Non-significant 

 

 

 

 

 

Table 16c. Effect of food additives on quality of avocado pulp during storage 
 

 

Treatments 
Peroxide value (meq./kg) Viscosity (cP) Polyphenol oxidase activity (unit/ml) 

Initial 1MAS 2MAS 3MAS Initial 1MAS 2MAS 3MAS Initial 1MAS 2MAS 3MAS 

T 
2 

 

 

 

 

 

1.39 

3.91
bc

 15.71 *  

 

 

 

 

3276.0 

2160.20
b
 545.86

b
 *  

 

 

 

 

150.00 

188.33
ab

 473.33
a
 * 

T 
4 

1.53
e
 16.56 23.15 1710.60

c
 376.30

c
 52.50 125.00

b
 45.00

c
 461.67 

T 
6 

2.22
de

 * * 1611.3
cd

 * * 10.00
c
 66.67

c
 * 

T 
8 

2.30
de

 * * 1513.90
cd

 * * 300.00
a
 * * 

T 
10 

5.24
ab

 17.20 26.59 2505.60
a
 846.00

a
 25.26 23.33

c
 66.67

c
 15.00 

T 
12 

3.44
cd

 19.20 35.85 1471.00
d
 750.00

a
 48.00 16.67

c
 285.00

b
 81.67 

T 
14 

5.50
a
 17.56 * 2158.30

b
 232.30

d
 * 11.67

c
 18.33

c
 * 

T 
16 

2.08
de

 33.51 * 2022.10
b
 520.00

bc
 * 16.67

c
 478.33

a
 * 

CD (0.05) 
 

1.41 NS 
  

238.60 163.26 
  

113.043 121.615 NS 
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months after storage. After 3 months of storage, lower microbial count was observed in 

T10 (fruit pulp pre-treated with ascorbic acid and KMS, packed in LDPE bags and stored 

in refrigerated temperature) with 9.33 x 10
5
 cfu/g bacterial colonies, 11.33 x 10

4
 cfu/g 

yeast colonies and 1.50 x 10
3
 cfu/g fungal colonies. 

4.4.1.14 Organoleptic evaluation 

 
At the beginning of storage, organoleptic scores for all the sensory attributes not 

varied among the treatments except the lower values of after taste in fruit pulp pre- 

treated with citric acid. During the storage period, higher scores for most of the sensory 

attributes were observed in T10 (fruit pulp pre-treated with ascorbic acid and KMS 

packed in LDPE bags and stored in refrigerated temperature) and T12 (fruit pulp pre- 

treated with ascorbic acid and KMS packed in glass jars and stored in refrigerated 

temperature) (Table 18a and 18b). 

During storage, T10 (fruit pulp pre-treated with ascorbic acid and KMS packed in LDPE 

bags and stored in refrigerated temperature) had comparatively high total organoleptic 

scores at the beginning (62.2) and three (38.8) months after storage. After one (55.7) 

and two (46.1) months of storage, T12 (fruit pulp pre-treated with ascorbic acid and 

KMS packed in glass jars and stored in refrigerated temperature) had higher total 

organoleptic scores. After 1 and 2 months of storage, in all treated samples of fruit pulp, 

flavour, odour, taste and after taste had only lower scores due to off flavour 

development and rancidity, while appearance, colour and texture had higher scores. 

After one month of storage, higher scores were recorded for colour (56) and appearance 

(54) and after two months of storage, it was for texture (37) followed by colour (35) 

and appearance (35). After three months of storage, among treatments such as T4 (fruit 

pulp pre-treated with citric acid and KMS packed in glass jars and stored in refrigerated 

temperature) (35.1), T10 (fruit pulp pre-treated with ascorbic acid and KMS packed in 

LDPE bags and stored in refrigerated temperature) (38.8) and T12 (fruit pulp pre-treated 

with ascorbic acid and KMS packed in glass jars and stored in refrigerated temperature) 

(36), higher scores were recorded for appearance (19) and colour (18), in which 

browning were also observed. 

4.4.1.15. Cost of Production 

The cost required for the preparation of 1 kg avocado pulp added with 0.5 % ascorbic 

acid, 0.1 % KMS, packed in LDPE pouches or glass jars stored in refrigeration for one 

month was about Rs. 339.98/- (Table 19Fig). 
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Table 17. Effect of food additives on microbial population of avocado pulp during storage 

 

Treatments 
Initial 1MAS 2MAS 3MAS 

F Y B F Y B F Y B F Y B 

T2  

 

 

 

 

0 

 

 

 

 

 

0 

 

 

 

 

 

0.66 

0 0 0 1.00
b
 0 0 * * * 

T4 0 0 0 1.00
b
 44.33

a
 23.00

a
 1.50

b
 46.33

a
 30.67

a
 

T6 0 0 1.00
b
 * * * * * * 

T8 0 0 0 * * * * * * 

T10 0 0 1.00
b
 1.00

b
 9.33

b
 7.00

b
 1.50

b
 11.33

b
 9.33

b
 

T12 0 0 0 0 12.00
b
 5.33

b
 7.00

a
 14.33

b
 12.67

b
 

T14 2.00 0 7.00
a
 5.67

a
 9.00

b
 10.33

b
 * * * 

T16 0 0 0 0 0 0 * * * 

CD (0.05)    NS NS 2.90 1.96 10.03 13.31 2.25 6.31 13.20 

 

T1  - Pulp  + CA +KMS+ LDPE bags+ AT T2  - Pulp + CA +KMS + LDPE bags + RT T3 - Pulp + CA +KMS + glass jars + AT 

T4  - Pulp + CA  +KMS+ glass jars + RT T5 - Pulp + CA +NaB + LDPE bags + AT T6 - Pulp + CA +NaB + LDPE bags + RT 
T7  - Pulp + CA +NaB  + glass jars + AT T8 - Pulp + CA +NaB + glass jars + RT T9 - Pulp + AA +KMS + LDPE bags + AT 
T10- Pulp + AA +KMS + LDPE bags+ RT T11- Pulp + AA +KMS + glass jars + AT T12- Pulp + AA +KMS + glass jars + RT 

T13- Pulp + AA +NaB  + LDPE bags+ AT 
T16- Pulp + AA +NaB  + glass jars + RT 

T14- Pulp + AA +NaB + LDPE bags + RT T15- Pulp + AA +NaB  + glass jars + AT 

MAS: Months after storage * - Unmarketable NS- Non-significant 

B: Bacteria (10
5
 cfu/ml) Y: Yeast (10

4
 cfu/ml) F: Fungi (10

3
 cfu/ml) 
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T1  - Pulp  + CA +KMS+ LDPE bags+ AT T2 - Pulp + CA +KMS + LDPE bags + RT 
T4  - Pulp + CA  +KMS+ glass jars + RT T5 - Pulp + CA +NaB + LDPE bags + AT 

T7  - Pulp + CA +NaB  + glass jars + AT T8 - Pulp + CA +NaB + glass jars 

T10- Pulp + AA +KMS + LDPE bags+ RT 

T13- Pulp + AA +NaB + LDPE bags+ AT 
T16- Pulp + AA +NaB  + glass jars + RT 

MAS: Months after storage 

T11- Pulp + AA +KMS + glass jars 

+ RT 
+ AT 

T3 - Pulp + CA +KMS + glass jars + AT 

T6 - Pulp + CA +NaB + LDPE bags + RT 

T9 - Pulp + AA +KMS + LDPE bags + AT 
T12- Pulp + AA +KMS + glass jars + RT 

T14- Pulp + AA +NaB  + LDPE bags  + RT  T15- Pulp + AA +NaB  + glass jars + AT 

A: Appearance 

O: Odour 

C: Colour 

* - Unmarketable 
Te: Texture 

NS- Non-significant 
Ta: Taste 

Oa: Overall acceptability 

F: Flavour 

Ts: Total score 

At: After taste 

 

 

 

 

Table 18a. Effect of food additives on organoleptic scores of avocado pulp (Initial and one month after storage) 

Treatment 

s 

Initial 1MAS 

A C TE O F TA AT OA TS A C TE O F TA AT OA TS 

T2 7.7 7.7 7 6.5 6.9 4.7 4.4 6.5 51.4 7.1 7.0 6.5 6.6 4.6 5.1 5.4 6.1 48.4 

T4 7.5 6.9 6.7 6.7 6.6 4.8 4.3 6.4 49.9 7.0 6.3 6.4 5.9 4.3 6.1 5.5 5.8 47.3 

T6 7.3 6.7 6.8 6.4 6.4 4.6 4.8 6.7 49.7 6.4 6.3 7.5 6.0 4.6 5.1 4.0 6.2 46.1 

T8 7.3 6.9 6.5 6.8 6.6 4.8 3.5 7.2 49.6 6.7 6.4 7.2 5.5 4.9 3.3 4.1 6.2 44.3 

T10 8.3 7.1 7.8 7.1 7.2 5.5 6.4 7.6 57 7.4 7.2 7.7 5.5 6.0 5.2 6.0 6.2 51.2 

T12 8.0 7.1 7.5 7.6 7.0 4.3 6.7 7.4 55.6 7.4 7.1 7.8 7.4 6.4 6.1 6.7 6.8 55.7 

T14 8.0 6.9 6.6 7.2 6.8 5.0 6.1 7.7 54.3 7.7 6.8 7.5 5.8 4.9 4.2 5.1 6.6 48.6 

T16 8.1 6.8 7.4 6.6 6.7 5.9 6.4 7.5 55.4 7.9 7.0 7.0 5.9 5.0 4.6 6.3 6.8 50.5 

Kendall's 

W 
0.18 0.11 0.19 0.16 0.04 0.19 0.62 0.28 

 
0.28 0.25 0.22 0.19 0.38 0.30 0.46 0.13 
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T1  - Pulp  + CA +KMS+ LDPE bags+ AT T2  - Pulp + CA +KMS + LDPE bags + RT T3 - Pulp + CA +KMS + glass jars + AT 

T4  - Pulp + CA  +KMS+ glass jars + RT T5 - Pulp + CA +NaB + LDPE bags + AT 
T7  - Pulp + CA +NaB  + glass jars + AT T8 - Pulp + CA +NaB + glass jars 
T10- Pulp + AA +KMS + LDPE bags+ RT 

T13- Pulp + AA +NaB + LDPE bags+ AT 

T11- Pulp + AA +KMS + glass jars 

T6 - Pulp + CA +NaB + LDPE bags + RT 
+ RT   T9 - Pulp + AA +KMS + LDPE bags + AT 
+ AT   T12- Pulp + AA +KMS + glass jars + RT 

T14- Pulp + AA +NaB + LDPE bags + RT T15- Pulp + AA +NaB + glass jars + AT 

T16- Pulp + AA +NaB  + glass jars + RT 

MAS: Months after storage 

A: Appearance 

O: Odour 

C: Colour 

* - Unmarketable 
Te: Texture 

Oa: Overall acceptability 

F: Flavour 

Ts: Total score 

NS- Non-significant 
Ta: Taste At: After taste 

 

Table 18b. Effect of food additives on organoleptic scores of avocado pulp 2 and 3 months after storage 

Treat 

ments 

2MAS 3MAS 

A C TE O F TA AT OA TS A C TE O F TA AT OA TS 

T2 4.5 5.5 5.5 5.5 5.5 5.5 5.5 5.5 43 * * * * * * * * * 

T4 5.9 5.6 5.3 4 3.9 4.3 4.1 5.9 39 4.3 6.3 6.9 3.1 3.0 3.2 3.1 5.2 35.1 

T6 
* * * * * * * * * * * * * * * * * * 

T8 
* * * * * * * * * * * * * * * * * * 

T10 6.7 6.7 6 3.6 3.4 3.9 3.3 5.1 38.7 6 7.2 6.7 3.7 3.6 3.9 2.7 5.0 38.8 

T12 6.6 6.8 6.5 4.8 5.1 4.8 5 6.5 46.1 5.8 6.3 6.1 3.2 3.5 3.8 2.7 4.6 36.0 

T14 5.6 7 6.2 4.5 4.1 5.1 6.7 6.5 45.7 * * * * * * * * * 

T16 6.5 5.7 7.2 4 3.5 3.1 3.7 5.3 39 * * * * * * * * * 

Kenda 

ll's W 
0.29 0.22 0.33 0.04 0.34 0.24 0.51 0.24 

 
0.48 0.22 0.27 0.11 0.08 0.15 0.17 0.04 

 

 

 

 
 



 

Table 19. Cost of production of 1 kg avocado pulp 
 

Avocado pulp Rate Quantity Cost (Rs.) 

Avocado fruits Rs.200/kg 1.25 kg 250.00 

Ozonisation (2 ppm for 15 min.) Rs.5/unit 1.7 Kwh/kg O
3

 1.00 

Ascorbic acid (0.5 %) Rs.300/500 g 5 g 3.00 

KMS (0.1 %) Rs.368/500 g 1 g 0.73 

Glass jars Rs. 10/bottle 4 no. 40.00 

LDPE (200 gauge) pouches Rs. 100/kg 4 no. 4.00 

Vacuum packing (1kWh) Rs.5/unit 15 min 1.25 

Labour charge Rs.600/8 hr 2 hr 40.00 

Total   Rs.339.98/kg 

 
Considering the longer shelf life of three months, higher total protein (T12: 3.56 

to 1.36 g/100g), total phenols (T12: 18.83 mg/100g), total carbohydrate (T12: 8.83 

g/100g), total fat (T10: 14.10%), viscosity (T10: 2505.6 and 846.0) and organoleptic 

scores along with lower water activity (T10: 0.980), polyphenol oxidase activity (T10: 

23.33 and 66.67 and T12: 16.67), microbial population during storage, avocado fruit 

pulp treated with ascorbic acid and KMS packed in both LDPE bags (T10) and glass jars 

(T12) stored under refrigeration were observed as the ideal pretreatments for the 

preservation of avocado fruit pulp. 

4.4.2. Optimization of process conditions for preparation of avocado fruit powder 

 
Freeze dried avocado powder pre-treated with maltodextrin at 1 to 5 % 

concentration, packed in LDPE laminated aluminium pouches and in glass jars stored 

under ambient and refrigerated conditions for 3 months are shown in Plate 14. 

Yield ratio of freeze dried powder to the fruit pulp was 38.57 %. 

 
It was observed that freeze dried avocado fruit powder stored under ambient 

condition T1 (fruit pulp pre-treated with 2 % maltodextrin packed in LDPE bags and 

stored in ambient temperature), T3 (fruit pulp pre-treated with 2 % maltodextrin packed 

in glass jars and stored in ambient temperature), T5 (fruit pulp pre-treated with 3 % 

maltodextrin packed in LDPE bags and stored in ambient temperature), T7 (fruit pulp 

pre-treated with 3 % maltodextrin packed in glass jars and stored in ambient 

temperature), T9 (fruit pulp pre-treated with 4 % maltodextrin packed in LDPE bags 

100 



 

 

 

 

 

Plate 14. Freeze dried avocado fruit powder during storage 
  

 

 
Initial 

 

 

 

 

 

 

 
1MAS 

 

 

 

2MAS 

 

 

 

3MAS 

T1 T3 T5 T7 T9 T11 T13 T15 
 

 

T2 T4 T6 T8 T10 T12 T14 T16 

 

 

T1 - Pulp + MD (2%) +LDPE bags  +AT       T2 - Pulp + MD (2%) +LDPE bags  +RT       T3 - Pulp + MD (2%) +glass jars  +AT       T4 - Pulp + MD (2%) +glass jars  +RT 

T5 - Pulp + MD (3%) +LDPE bags  +AT      T6 - Pulp + MD (3%) +LDPE bags  +RT       T7 - Pulp + MD (3%) +glass jars  +AT        T8 - Pulp + MD (3%) +glass jars  +RT 

T9 - Pulp + MD (4%) + LDPE bags +AT     T10- Pulp + MD (4%) + LDPE bags +RT     T11- Pulp + MD (4%) + glass jars +AT      T12 - Pulp + MD (4%) + glass jars +RT 

T13- Pulp + MD (5%) + LDPE bags +AT      T14- Pulp + MD (5%) + LDPE bags +RT       T15- Pulp + MD (5%) + glass jars +AT T16- Pulp + MD (5%) + glass jars +RT 

MAS: Months after storage 



 

and stored in ambient temperature), T11 (fruit pulp pre-treated with 4 % maltodextrin 

packed in glass jars and stored in ambient temperature), T13 (fruit pulp pre-treated with 

5 % maltodextrin packed in LDPE bags and stored in ambient temperature) and T15 

(fruit pulp pre-treated with 5 % maltodextrin packed in glass jars and stored in ambient 

temperature) were unmarketable within 1 month after storage, regardless of the 

different pre-treatments and packaging conditions. In these treatments, fruit powder 

discoloration, rancid taste, off flavour development and loss of texture were observed 

within one month of storage. The results may attributed to the faster rate of oxidation 

and further deterioration of avocado fruit powder due to the exposure of light, air and 

atmospheric moisture under ambient condition. 

4.4.2.1. Bulk density (g/cm
3
) 

 
It was observed that bulk density decreased during storage in all the treatments 

of freeze dried avocado fruit powder. It was observed that bulk density increased with 

the increasing concentration of high molecular weight additives like maltodextrin due 

to its bulking properties. Significantly higher values of bulk density were recorded as 

0.45 g/cm
3
 in T16 (fruit pulp pre-treated with 5 % maltodextrin packed in glass jars and 

stored in refrigerated temperature) after 1 month, 0.26 and 0.27 g/cm
3
 in T14 (fruit pulp 

pre-treated with 5 % maltodextrin packed in LDPE bags and stored in refrigerated 

temperature) and T10 (fruit pulp pre-treated with 4 % maltodextrin packed in LDPE 

bags and stored in refrigerated temperature) after 2 months of storage and 0.23 g/cm
3 

in T2 (fruit pulp pre-treated with 2 % maltodextrin packed in LDPE bags and stored in 

refrigerated temperature) and T14 (fruit pulp pre-treated with 5 % maltodextrin packed 

in LDPE bags and stored in refrigerated temperature) after 3 months, respectively 

(Table 20). 

4.4.2.2. Solubility (%) 

During storage, solubility of powder increased after one month of storage and 

decreased towards the end of storage. Solubility varied non-significantly among the 

treatments after one month of storage. Significantly higher solubility of 65.03 % and 

57.66 % were observed in T12 (fruit pulp pre-treated with 4 % maltodextrin packed in 

glass jars and stored in refrigerated temperature) and T8 (fruit pulp pre-treated with 3 

% maltodextrin packed in glass jars and stored in refrigerated temperature) after two 

and three months of storage, respectively. Higher solubility was observed in fruit 
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powder pre-treated with higher maltodextrin content (Table 20) indicating the better 

reconstitution of powder. 

4.4.2.3. Hygroscopicity (%) 

A gradual rise was seen in the hygroscopicity of powder during three months of 

storage (Table 20). Lower hygroscopicity was recorded in samples pre-treated with 

higher concentration on maltodextrin. Significantly lower values were observed in T16 

(fruit pulp pre-treated with 5 % maltodextrin packed in glass jars and stored in 

refrigerated temperature) after one (0.25 %) and two (0.33 %) months of storage and in 

T14 (fruit pulp pre-treated with 5 % maltodextrin packed in LDPE bags and stored in 

refrigerated temperature) after three (1.31 %) months of storage. 

4.4.2.4. Colour values (L, a, b) 

 
L value decreased towards the end of storage, however retention of higher 

values throughout the storage were observed T16 (fruit pulp pre-treated with 5 % 

maltodextrin packed in glass jars and stored in refrigerated temperature), T14 (fruit pulp 

pre-treated with 5 % maltodextrin packed in LDPE bags and stored in refrigerated 

temperature), T12 (fruit pulp pre-treated with 4 % maltodextrin packed in glass jars and 

stored in ambient temperature) and T10 (fruit pulp pre-treated with 4 % maltodextrin 

packed in LDPE bags and stored in ambient temperature) with comparatively higher 

maltodextrin content which indicated the luminosity or brightness of powder with the 

addition of maltodextrin (Table 21). 

A gradual increase was observed in a* value of colour which indicated the 

change in colour of powder from greenish to reddish colour. Significantly lower a* 

values (higher negative values) were observed in T14 (fruit pulp pre-treated with 5 % 

maltodextrin packed in LDPE bags and stored in refrigerated temperature) and T16 (fruit 

pulp pre-treated with 5 % maltodextrin packed in glass jars and stored in refrigerated 

temperature) after 1 (-14.21 and -14.18) and 2 (-3.63) months of storage and in T12 (fruit 

pulp pre-treated with 4 % maltodextrin packed in glass jars and stored in ambient 

temperature) (-0.38) after 3 months indicating the retention of green colour of powder 

(Table 21). Colour value b* increased gradually up to 2 months, after which a steep rise 

was noticed up to end of storage period. Significantly lower b* value was noticed in 

T14 (fruit pulp pre- treated with 5 % maltodextrin packed in LDPE bags and stored in 

refrigerated temperature) (25.30) after one month, in T12 (fruit pulp pre-treated with 4 

% maltodextrin packed in glass jars and stored in refrigerated temperature) (40.28) after 
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Table 20. Effect of food additives on physical qualities of avocado fruit powder 

Treatments 
Bulk density (g/cm3) Solubility (%) Hygroscopicity (%) 

Initial 1MAS 2MAS 3MAS Initial 1MAS 2MAS 3MAS Initial 1MAS 2MAS 3MAS 

T 
2 

 

 

 

 

 
0.29 

0.36
d
 0.23

bc
 0.23

a
  

 

 

 

 
55.93 

55.00 52.33
ab

 29.63
c
  

 

 

 

 
0.54 

0.41
b
 0.68

c
 2.27

ab
 

T 
4 

0.34
e
 0.19

e
 0.15

d
 47.33 34.13

bc
 24.23

d
 0.69

a
 0.93

b
 2.38

a
 

T 
6 

0.44
a
 0.24

b
 0.18

c
 46.33 32.47

c
 27.86

cd
 0.62

a
 0.61

cd
 1.81

bc
 

T 
8 

0.38
c
 0.21

d
 0.19

bc
 61.00 59.00

a
 57.66

a
 0.69

a
 0.85

c
 2.14

abc
 

T 
10 

0.37
cd

 0.27
a
 0.19

bc
 63.67 58.67

a
 53.56

ab
 0.42

b
 1.05

a
 1.71

cd
 

T 
12 

0.41
b
 0.19

e
 0.20

abc
 84.07 65.033

a
 50.00

b
 0.33

bc
 0.63

cd
 1.94

abc
 

T 
14 

0.39
c
 0.26

a
 0.23

a
 72.00 62.533

a
 52.33

b
 0.32

bc
 0.55

d
 1.31

d
 

T 
16 

0.45
a
 0.22

cd
 0.22

ab
 76.33 63.333

a
 51.00

b
 0.25

c
 0.33

e
 1.80

bc
 

CD (0.05)  0.02 0.01 0.03  NS 4.38 4.94  0.14 0.10 0.49 

 
T1- Pulp + MD (2%) +LDPE bags +AT T2- Pulp + MD (2%) +LDPE bags +RT T3 - Pulp + MD (2%) +glass jars +AT 

T4- Pulp + MD (2%) +glass jars +RT T5- Pulp + MD (3%) +LDPE bags +AT T6- Pulp + MD (3%) +LDPE bags +RT 

T7- Pulp + MD (3%) +glass jars +AT T8- Pulp + MD (3%) +glass jars +RT T9 - Pulp + MD (4%) + LDPE bags +AT 

T10- Pulp + MD (4%) + LDPE bags +RT T11- Pulp + MD (4%) + glass jars +AT T12- Pulp + MD (4%) + glass jars +RT 

T13- Pulp + MD (5%) + LDPE bags +AT T14- Pulp + MD (5%) + LDPE bags +RT T15- Pulp + MD (5%) + glass jars +AT 

T16- Pulp + MD (5%) + glass jars +RT   

MAS: Months after storage * - Unmarketable NS- Non-significant 
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Table 21. Effect of food additives on colour value of avocado fruit powder 
 

Treatments 
Colour value- L Colour value- a* Colour value-b* 

Initial 1MAS 2MAS 3MAS Initial 1MAS 2MAS 3MAS Initial 1MAS 2MAS 3MAS 

T 
2 

 

 

 

 

 

70.03 

53.85
e
 42.06

c
 23.94

f
  

 

 

 

 

-19.66 

-10.03
f
 -1.93

f
 0.05

f
  

 

 

 

 

24.99 

29.90
a
 41.78

c
 94.54

c
 

T 
4 

57.45
d
 48.60

b
 26.46

de
 -11.06

e
 -1.96

f
 0.02

ef
 29.23

ab
 41.93

ab
 97.31

a
 

T 
6 

61.97
c
 43.80

c
 29.82

b
 -11.07

e
 -2.17

e
 0.00

de
 29.73

a
 42.09

a
 97.47

a
 

T 
8 

69.35
b
 52.20

ab
 25.68

e
 -12.07

c
 -2.56

d
 0.04

d
 28.33

ab
 41.81

b
 94.29

c
 

T 
10 

61.90
c
 53.28

a
 27.66

cd
 -11.12

d
 -3.29

b
 -0.04

c
 25.70

c
 41.92

ab
 96.57

b
 

T 
12 

76.64
a
 50.46

ab
 42.60

a
 -13.13

b
 -3.08

c
 -0.38

a
 27.23

bc
 40.28

e
 89.69

d
 

T 
14 

75.98
a
 52.32

ab
 29.58

b
 -14.21

a
 -3.63

a
 -0.10

b
 25.30

c
 40.00

f
 97.62

a
 

T 
16 

76.16
a
 52.14

ab
 28.02

c
 -14.18

a
 -3.63

a
 -0.08

b
 29.20

ab
 40.87

d
 86.46

e
 

CD (0.05)  2.83 0.24 0.08  0.04 0.52 0.03  0.21 0.08 0.33 
 

T1- Pulp + MD (2%) +LDPE bags +AT T2- Pulp + MD (2%) +LDPE bags +RT T3 - Pulp + MD (2%) +glass jars +AT 

T4- Pulp + MD (2%) +glass jars +RT T5- Pulp + MD (3%) +LDPE bags +AT T6- Pulp + MD (3%) +LDPE bags +RT 

T7- Pulp + MD (3%) +glass jars +AT T8- Pulp + MD (3%) +glass jars +RT T9 - Pulp + MD (4%) + LDPE bags +AT 

T10- Pulp + MD (4%) + LDPE bags +RT T11- Pulp + MD (4%) + glass jars +AT T12- Pulp + MD (4%) + glass jars +RT 

T13- Pulp + MD (5%) + LDPE bags +AT T14- Pulp + MD (5%) + LDPE bags +RT T15- Pulp + MD (5%) + glass jars +AT 

T16- Pulp + MD (5%) + glass jars +RT   

MAS: Months after storage * - Unmarketable NS- Non-significant 



 

2 months and in T16 (fruit pulp pre-treated with 5 % maltodextrin packed in 

glass jars and stored in refrigerated temperature) (86.46) after 3 months of storage, 

which indicated comparatively lower yellowish colour of avocado powder. 

4.4.2.5. Total Soluble Solids (ºBrix) 

 
Total soluble solids of freeze dried avocado powder before storage was 4.25 

ºBrix. Significantly higher TSS values were noticed in T14 (fruit pulp pre-treated with 

5 % maltodextrin packed in LDPE bags and stored in refrigerated temperature) (4.13 

ºBrix) and T16 (fruit pulp pre-treated with 5 % maltodextrin packed in glass jars and 

stored in refrigerated temperature) (7.70 ºBrix) after one and two months of storage, 

respectively. It was observed that TSS increased after two months of storage and 

thereafter decreased to the end of storage (Table 22a). 

4.4.2.6. Titratable acidity (%) 

 
Titratable acidity varied without any significant difference among the 

treatments throughout the storage. It was observed that initial content of titratable 

acidity in the freeze dried avocado powder was 5.36 %, which decreased after one 

month of storage and it increased after two months followed by a decreased after three 

months of storage (Table 22a). 

4.4.2.7. Total protein (g/100g) 

 
Total protein in the freeze dried avocado powder before storage was 9.60 

g/100g, and it decreased during storage in all the treatments. It varied non-significantly 

among the treatments after one month of storage and significantly higher values were 

observed in T8 (fruit pulp pre-treated with 3 % maltodextrin packed in glass jars and 

stored in refrigerated temperature) (6.24 g/100g) and T12 (fruit pulp pre-treated with 4 

% maltodextrin packed in glass jars and stored in refrigerated temperature) (0.91 

g/100g) after 2 and 3 months of storage, respectively (Table 22a). 

4.4.2.8. Vitamin C (mg/100g) 

 
A higher vitamin C content was noticed after one month of storage from an 

initial value of 15.73 mg/100g and thereafter it decreased. Significantly higher values 

were seen in T14 (fruit pulp pre-treated with 5 % maltodextrin packed in LDPE bags 

and stored in refrigerated temperature) (70.00 mg/100g), T10 (fruit pulp pre-treated with 

4 % maltodextrin packed in LDPE bags and stored in refrigerated temperature) (68.67 

mg/100g) and T16 (fruit pulp pre-treated with 5 % maltodextrin packed in glass jars and 
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stored in refrigerated temperature) (68.00 mg/100g) after one month of storage and in 

T8 (fruit pulp pre-treated with 3 % maltodextrin packed in glass jars and stored in 

refrigerated temperature) (13.33 mg/100g) after three months of storage. It varied 

without any significance difference two months after storage (Table 22b). 

4.4.2.9. Total phenols (mg/100g) 

 
The initial total phenolic content of freeze dried avocado fruit powder was 41.98 

mg/100g. It decreased in all the treatments except T2 (fruit pulp pre-treated with 2 % 

maltodextrin packed in LDPE bags and stored in refrigerated temperature) (67.83 

mg/100g) and T10 (fruit pulp pre-treated with 4 % maltodextrin packed in LDPE bags 

and stored in refrigerated temperature) (80.17 mg/100g) after one month of storage and 

increased thereafter to the end of storage. It varied without any significant difference 

among the treatments throughout the storage (Table 22b). 

4.4.2.10. Total carbohydrate (g/100g) 

 
Initial total carbohydrate content in freeze dried avocado fruit powder was 11.07 g/100g 

and it increased after one month of storage, varied non-significantly among the 

treatments (Table 22b). After two months of storage, it decreased in all the treatments 

and varied significantly with higher carbohydrate content in T14 (fruit pulp pre-treated 

with 5 % maltodextrin packed in LDPE bags and stored in refrigerated temperature) 

(35.20 g/100g) and T16 (fruit pulp pre-treated with 5 % maltodextrin packed in glass 

jars and stored in refrigerated temperature) (34.80 g/100g). After three months of 

storage, it decreased in all the samples except T2 (fruit pulp pre-treated with 2 % 

maltodextrin packed in LDPE bags and stored in refrigerated temperature), T4 (fruit 

pulp pre-treated with 2 % maltodextrin packed in glass jars and stored in refrigerated 

temperature), T6 (fruit pulp pre-treated with 3 % maltodextrin packed in LDPE bags 

and stored in refrigerated temperature), and differed non-significantly among the 

treatments. 

4.4.2.11. Total fat (%) 

 
Total fat content of freeze dried avocado fruit powder decreased during storage 

from an initial value of 81.03 % (Table 22c). After one month of storage, significantly 

higher fat content of 58.31 %, 59.44 % and 60.43 % were seen in samples with higher 

concentration of maltodextrin such as T16 (fruit pulp pre-treated with 5 % maltodextrin 

packed in glass jars and stored in refrigerated temperature), T12 (fruit pulp pre-treated 
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T1- Pulp + MD (2%) + LDPE bags +AT 

T4- Pulp + MD (2%)  + glass jars +RT 

T7- Pulp + MD (3%)  + glass jars +AT 

T2- Pulp + MD (2%) + LDPE bags +RT 

T5- Pulp + MD (3%)  + LDPE bags +AT 

T8- Pulp + MD (3%)  + glass jars +RT 

T3 - Pulp + MD (2%)  + glass jars +AT 

T6- Pulp + MD (3%) + LDPE bags+RT 

T9 - Pulp + MD (4%) + LDPE bags+AT 

 

 

 

 

Table 22a. Effect of food additives on biochemical qualities of avocado fruit powder 

Treatment 

s 
TSS (⁰ Brix) Titratable acidity (%) Total protein (g/100g) 

 Initia 
l 

1MAS 2MAS 3MAS Initial 1MAS 2MAS 3MAS Initial 1MAS 2MAS 3MAS 

T 
2 

 

 

 

 

 
4.25 

3.33
d
 6.07

c
 0.83  

 

 

 

 
5.36 

1.34 2.68 2.01  

 

 

 

 
9.60 

7.31 3.78
c
 0.79

c
 

T 
4 

3.73
b
 5.60

d
 0.80 1.34 2.68 2.23 9.27 4.43

bc
 0.84

bc
 

T 
6 

4.00
a
 5.93

c
 0.73 2.68 2.23 1.56 8.14 4.92

bc
 0.87

ab
 

T 
8 

3.33
d
 6.33

b
 0.73 1.56 1.79 1.79 8.87 6.24

a
 0.66

d
 

T 
10 

4.00
a
 4.93

e
 0.80 1.79 2.68 1.79 9.07 5.52

ab
 0.81

bc
 

T 
12 

3.40
cd

 5.00
e
 0.70 1.79 2.23 2.01 8.14 4.20

c
 0.91

a
 

T 
14 

4.13
a
 6.07

c
 0.73 1.79 2.68 1.79 8.00 4.35

bc
 0.83

bc
 

T 
16 

3.60
bc

 7.70
a
 0.80 1.56 2.23 2.01 8.67 4.40

bc
 0.82

bc
 

CD (0.05)  0.26 0.22 NS  NS NS NS  NS 12.60 0.62 

 

 

 

 

 

 

T10- Pulp + MD (4%) + LDPE bags +RT T11- Pulp + MD (4%) + glass jars +AT T12- Pulp + MD (4%) + glass jars +RT 

T13- Pulp + MD (5%) + LDPE bags +AT T14- Pulp + MD (5%) + LDPE bags +RT T15- Pulp + MD (5%) + glass jars +AT 

T16- Pulp + MD (5%) + glass jars +RT   

MAS: Months after storage * - Unmarketable NS- Non-significant 
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T1- Pulp + MD (2%) + LDPE bags +AT 

T4- Pulp + MD (2%)  + glass jars +RT 

T7- Pulp + MD (3%)  + glass jars +AT 

T2- Pulp + MD (2%) + LDPE bags +RT 

T5- Pulp + MD (3%)  + LDPE bags +AT 

T8- Pulp + MD (3%)  + glass jars +RT 

T3 - Pulp + MD (2%)  + glass jars +AT 

T6- Pulp + MD (3%) + LDPE bags+RT 

T9 - Pulp + MD (4%) + LDPE bags+AT 

 

 

 

 

 

 

Table 22b. Effect of food additives on biochemical qualities of avocado fruit powder 

Treatmen 

ts 

Vitamin C (mg/100g) Total phenols (mg/100g) Total Carbohydrates (g/100g) 

Initi 

al 

1MA 

S 
2MAS 3MAS Initial 1MAS 2MAS 3MAS Initial 1MAS 2MAS 3MAS 

T
2
  

 

 

 

 

15.73 

60.00
bc

 11.07 7.07
c
  

 

 

 

 

41.98 

67.83 78.33 117.33 11.07 26.13 12.67
c
 22.67 

T
4
 55.33

c
 9.33 9.47

c
 34.33 39.33 107.33 28.67 10.40

c
 16.53 

T
6
 43.33

d
 7.60 12.93

b
 35.17 37.00 103.33 36.20 14.64

c
 19.33 

T
8
 64.00

ab
 9.33 13.33

a
 18.50 36.67 98.33 41.33 27.20

b
 18.80 

T
10 68.67

a
 9.47 8.00

c
 80.17 86.67 101.67 35.13 28.47

ab
 20.20 

T
12 64.67

ab
 10.00 8.40

c
 15.00 18.17 100.00 40.87 32.27

ab
 16.31 

T
14 70.00

a
 21.33 9.07

c
 19.83 34.67 98.33 38.53 35.20

a
 20.27 

T
16 68.00

a
 10.80 9.60

bc
 11.83 39.33 98.33 34.27 34.80

a
 21.87 

CD (0.05)  6.28 NS 3.34  NS NS NS  NS 6.91 NS 

 

 

 

 
 

T10- Pulp + MD (4%) + LDPE bags +RT T11- Pulp + MD (4%) + glass jars +AT T12- Pulp + MD (4%) + glass jars +RT 

T13- Pulp + MD (5%) + LDPE bags +AT T14- Pulp + MD (5%) + LDPE bags +RT T15- Pulp + MD (5%) + glass jars +AT 

T16- Pulp + MD (5%) + glass jars +RT   

MAS: Months after storage * - Unmarketable NS- Non-significant 



 

with 4 % maltodextrin packed in glass jars and stored in refrigerated temperature) and 

T14 (fruit pulp pre-treated with 5 % maltodextrin packed in LDPE bags and stored in 

refrigerated temperature), respectively and after two months of storage, it was T16 (fruit 

pulp pre-treated with 5 % maltodextrin packed in glass jars and stored in refrigerated 

temperature) with 61.20 %. Total fat content varied non-significantly among the 

treatments after three months of storage. 

4.4.2.12. Peroxide value (meq O2/kg) 

 
Peroxide value increased after one month of storage from an initial value of 2.77 

meq O2/kg and decreased after two months of storage and thereafter a steep increase 

was observed towards the end of storage, while peroxide value decreased with increase 

in concentration of maltodextrin (Table 22c). Lowest peroxide value after one month 

of storage was observed in T14 (fruit pulp pre-treated with 5 % maltodextrin packed in 

LDPE bags and stored in refrigerated temperature) (1.44 meq O2/kg), T16 (fruit pulp 

pre-treated with 5 % maltodextrin packed in glass jars and stored in refrigerated 

temperature) (1.85 meq O2/kg), T12 (fruit pulp pre-treated with 4 % maltodextrin packed 

in glass jars and stored in refrigerated temperature) (2.83 meq O2/kg) and T10 (fruit pulp 

pre-treated with 4 % maltodextrin packed in LDPE bags and stored in refrigerated 

temperature) (3.81 meq O2/kg). After three months of storage, T16 (fruit pulp pre- 

treated with 5 % maltodextrin packed in glass jars and stored in refrigerated 

temperature) recorded significantly lower peroxide value (5.31 meq O2/kg), which 

indicated lower rate rancidity in the powder and it varied non-significantly after two 

months of storage. 

4.4.2.13. Water activity 

 
Water activity increased gradually during storage (Table 22c). Significantly 

lower values were noticed in samples with higher concentration of maltodextrin such 

as in T14 (fruit pulp pre-treated with 5 % maltodextrin packed in LDPE bags and stored 

in refrigerated temperature) and T16 (fruit pulp pre-treated with 5 % maltodextrin 

packed in glass jars and stored in refrigerated temperature) after one month (0.37 and 

0.36) and two months (0.55 and 0.54) and in T16 (fruit pulp pre-treated with 5 % 

maltodextrin packed in glass jars and stored in refrigerated temperature) (0.66) after 

three months of storage. 
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D (0.05) 2.40 18.28 NS 1.08 NS 6.6 0.04 0.02 0.0 

 

 

 

 

 

 
 

Table 22c. Effect of food additives on biochemical qualities of avocado fruit powder 

Total Fat (%) Peroxide value (meq O2/kg) Water activity 

Treatments 
Initial 1MAS 2MAS 3MAS Initial 1MAS 2MAS 3MAS Initial 1MAS 2MAS 3MAS 

T2  
39.43

c
 28.83

b
 28.38 

 
6.49

a
 6.08 21.49

a
 

 
0.48

bc
 0.64

a
 0.74

a
 

T4  
54.26

b
 32.20

b
 24.80 

 
4.97

b
 2.11 18.16

ab
 

 
0.44

cd
 0.62

ab
 0.70

cd
 

T6  
54.55

b
 40.87

b
 18.47 

 
4.64

bc
 3.54 17.86

ab
 

 
0.40

de
 0.62

a
 0.72

b
 

T8 

T10 

T12 

T14 

T16 

 
81.03 

40.58
c
 

53.65
b
 

59.44
a
 

60.43
a
 

58.31
a
 

34.17
b
 

44.07
ab

 

44.43
ab

 

37.60
b
 

61.20
a
 

25.07 
 

21.53 
 

35.80 
 

17.60 
 

26.38 

 
2.77 

3.76
c
 

3.81
d
 

2.83
d
 

1.44
d
 

1.85
d
 

3.42 
 

1.22 
 

1.23 
 

1.35 
 

0.81 

12.81
bc

 

16.81
ab

 

8.92
cd

 

10.02
cd

 

5.31
d
 

 
0.46 

0.42
d
 

0.53
a
 

0.50
ab

 

0.37
e
 

0.36
e
 

0.58
c
 

0.60
bc

 

0.59
c
 

0.55
d
 

0.54
d
 

0.70 
d
 

0.71 
bc

 

0.68
e
 

0.68
e
 

0.66
f
 

C T1- Pulp + MD (2%) + LDPE bags +AT T2- Pulp + MD (2%) + LDPE bags +RT T3 - Pulp + MD (2%) + glass jars +AT 0 

T4- Pulp + MD (2%)  + glass jars    +RT    T5- Pulp + MD (3%)  + LDPE bags +AT     T6- Pulp + MD (3%)   + LDPE bags+RT 

T7- Pulp + MD (3%)  + glass jars    +AT    T8- Pulp + MD (3%)  + glass jars    +RT    T9 - Pulp + MD (4%)  + LDPE bags+AT 

T10- Pulp + MD (4%) + LDPE bags +RT   T11- Pulp + MD (4%) + glass jars    +AT    T12- Pulp + MD (4%) + glass jars    +RT 

T13- Pulp + MD (5%) + LDPE bags +AT   T14- Pulp + MD (5%) + LDPE bags +RT   T15- Pulp + MD (5%) + glass jars    +AT 

T16- Pulp + MD (5%) + glass jars +RT 

MAS: Months after storage * - Unmarketable NS- Non-significant 
 

110 



 

4.4.2.14. Microbial load (bacteria, fungi and yeast) 

In freeze dried avocado fruit powder, microbial population was nil up to one 

month of storage and after two and three months of storage, lower microbial count was 

noticed in samples with higher concentration of maltodextrin. In all the samples, yeast 

population was not observed during the storage. In T14 (fruit pulp pre-treated with 5 % 

maltodextrin packed in LDPE bags and stored in refrigerated temperature) and T8 (fruit 

pulp pre-treated with 3 % maltodextrin packed in glass jars and stored in refrigerated 

temperature), fungal population was absent after two months of storage and had lowest 

fungal population (0.33 x 10
4
 cfu/g) after three months of storage. Lowest bacterial 

population was seen in T10 (fruit pulp pre-treated with 4 % maltodextrin packed in 

LDPE bags and stored in refrigerated temperature) after 2 (1.17 x 10
5
 cfu/g) and 3 (1.67 

x 10
5
 cfu/g) months of storage (Table 23). 

4.4.2.15. Organoleptic evaluation 

 
During the three months storage period of freeze dried avocado powder, 

organoleptic qualities decreased in all the treatments which indicated the decline of 

consumer acceptability (Table 24a and 24b). It was observed that organoleptic 

attributes such as appearance, colour and texture obtained comparatively higher scores 

than those for odour, flavour, taste and after taste. At the end of storage, samples 

became unacceptable for attributes such as odour, flavour, taste and after taste wherein 

overall acceptability was recorded lower than 5.0 hedonic point. Higher values of 

Kendall's coefficient of concordance (W) for appearance, colour and texture indicated 

the stronger association of judgment regarding the acceptance of samples. It was 

observed that T16 (fruit pulp pre-treated with 5 % maltodextrin packed in glass jars and 

stored in refrigerated temperature) had highest total scores of 64.6, 61.9, 56 and 43.4 

before storage as well as one, two and three months after storage, respectively. 

4.4.2.16. Cost of production 

Cost of production for the 1kg freeze dried avocado fruit powder from ripe 

avocado fruits of Rs.200/kg, pre-treated with food additives and packaged in LDPE 

laminated aluminium pouches and glass jars was observed as Rs.1224.86 (Table 25). 

Considering the higher bulk density (T14: 0.26 and T16: 0.45 g/cm³), solubility 

(T14: 62.5 and T16: 63.33 %), colour value L (T14:75.98 and T16: 76.16), TSS (T14: 4.13 

and T16: 7.70 ºbrix), vitamin C (T14: 70.00 mg/100g), total carbohydrates (T14: 35.20 

and T16: 34.80 g/100g), total fat (T14: 60.43 and T16: 61.20 %), organoleptic scores and. 
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T1- Pulp + MD (2%) + LDPE bags +AT 

T4- Pulp + MD (2%) + glass jars 

T7- Pulp + MD (3%) + glass jars 

+RT 

+AT 

T2- Pulp + MD (2%) + LDPE bags +RT 

T5- Pulp + MD (3%) + LDPE bags +AT 

T3 - Pulp + MD (2%)  + glass jars +AT 

T6- Pulp + MD (3%) + LDPE bags+RT 

T8- Pulp + MD (3%) + glass jars +RT T9 - Pulp + MD (4%) + LDPE bags+AT 

 

 

 

 

Table 23. Effect of food additives on microbial population of avocado fruit powder 
 

Treatments Initial 1MAS 2MAS 3MAS 

 Fungi Yeast Bacteria Fungi Yeast Bacteria Fungi Yeast Bacteria Fungi Yeast Bacteria 

T2  

 

 

 

 

0 

 

 

 

 

 

0 

 

 

 

 

 

0 

0.00 0.00 0.00 2.67 0.00 9.83 3.33
bc

 0.00 14.50 

T4 0.00 0.00 0.00 0.67 0.00 3.33 2.33
bc

 0.00 6.33 

T6 0.00 0.00 0.00 4.67 0.00 2.00 8.67
a
 0.00 7.83 

T8 0.00 0.00 0.00 0.00 0.00 4.50 0.33
c
 0.00 8.00 

T10 0.00 0.00 0.00 1.00 0.00 1.17 1.67
bc

 0.00 1.67 

T12 0.00 0.00 0.00 2.67 0.00 3.30 5.00
ab

 0.00 6.50 

T14 0.00 0.00 0.00 0.00 0.00 3.83 0.33
c
 0.00 6.67 

T16 0.00 0.00 0.00 2.67 0.00 3.00 3.67
bc

 0.00 6.00 

CD (0.05) 
   

NS NS NS NS NS NS 4.58 NS NS 

 

 

 

 

 
T10- Pulp + MD (4%) + LDPE bags +RT T11- Pulp + MD (4%) + glass jars +AT T12- Pulp + MD (4%) + glass jars +RT 

T13- Pulp + MD (5%) + LDPE bags +AT T14- Pulp + MD (5%) + LDPE bags +RT T15- Pulp + MD (5%) + glass jars +AT 

T16- Pulp + MD (5%) + glass jars +RT     

MAS: Months after storage * - Unmarketable  NS- Non-significant  
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T1- Pulp + MD (2%)  +LDPE bags  +AT 

T4- Pulp + MD (2%) +glass jars +RT 

T7- Pulp + MD (3%) +glass jars +AT 

T10- Pulp + MD (4%) + LDPE bags +RT 

T13- Pulp + MD (5%) + LDPE bags +AT 

T2- Pulp + MD (2%) +LDPE bags 

T5- Pulp + MD (3%) +LDPE bags 

T8- Pulp + MD (3%) +glass jars 

T11- Pulp + MD (4%) + glass jars 

+RT 

+AT 

+RT 

+AT 

T3 - Pulp + MD (2%) +glass jars +AT 

T6- Pulp + MD (3%) +LDPE bags +RT 

T9 - Pulp + MD (4%) + LDPE bags +AT 

T14- Pulp + MD (5%) + LDPE bags +RT 

T12- Pulp + MD (4%) + glass jars +RT 

T15- Pulp + MD (5%) + glass jars +AT 

T16- Pulp + MD (5%) + glass jars +RT 

MAS: Months after storage 
A: Appearance 

At: After taste 

C: Colour 

O: Odour 

* - Unmarketable 

Te: Texture F: Flavour 

Oa: Overall acceptability 

NS- Non-significant 

Ta: Taste 

Ts: Total score 

 

 

Table 24a. Effect of food additives on organoleptic scores of avocado fruit powder before and 1 month after storage 

Treatments 
Initial IMAS 

A C TE O F TA AT OA TS A C TE O F TA AT OA TS 

T 
2 

7.9 7.8 8 8 7.5 7.4 7.1 7.2 60.9 7.1 6.9 6.7 7.1 6.3 5.9 5.4 6.1 51.5 

T 
4 

8.3 8.3 8.1 8.2 7.6 7.5 7.3 7.3 62.6 8.3 8.2 7.8 6.8 6.5 5.8 6.1 6.5 56.0 

T 
6 

8.7 8.5 8.4 8.1 7.3 7.2 7.2 7.2 62.6 8.6 8.5 7.8 6.4 6.2 6.3 6 6.6 56.4 

T 
8 

8.1 8.1 8.1 8.1 7.8 7.2 7.0 7.3 61.7 7.6 7.4 7.3 6.6 6.4 6.6 6.4 6.9 55.2 

T 
10 

8.2 8.2 8.2 8.1 8.0 7.3 7.4 7.6 63 7.7 7.7 7.7 7.2 6.8 6.6 6.4 7.5 57.6 

T 
12 

8.2 8.3 8.3 8.0 7.9 7.7 7.3 7.5 63.2 8.2 8.1 7.6 7.2 7.2 7.0 6.6 7.5 59.4 

T 
14 

8.3 8.3 8.3 8.0 7.9 7.5 7.4 7.8 63.5 8.3 8.1 8.1 6.7 6.7 7.0 7 7.8 59.7 

T 
16 

8.6 8.6 8.3 8.1 8.0 7.7 7.6 7.7 64.6 8.6 8.4 7.8 7.7 7.5 7.1 7.1 7.7 61.9 

Kendall's 

W 
0.13 0.07 0.03 0.01 0.06 0.03 0.04 0.05 

 
0.34 0.32 0.14 0.16 0.16 0.2 0.19 0.13 
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T1- Pulp + MD (2%)  +LDPE bags  +AT 

T4- Pulp + MD (2%) +glass jars +RT 

T7- Pulp + MD (3%) +glass jars +AT 

T10- Pulp + MD (4%) + LDPE bags +RT 

T13- Pulp + MD (5%) + LDPE bags +AT 

T2- Pulp + MD (2%) +LDPE bags +RT 

T5- Pulp + MD (3%) +LDPE bags  +AT 

T8- Pulp + MD (3%) +glass jars +RT 

T11- Pulp + MD (4%) + glass jars +AT 

T14- Pulp + MD (5%) + LDPE bags +RT 

T3 - Pulp + MD (2%) +glass jars +AT 

T6- Pulp + MD (3%) +LDPE bags +RT 

T9 - Pulp + MD (4%) + LDPE bags +AT 

T12- Pulp + MD (4%) + glass jars +RT 

T15- Pulp + MD (5%) + glass jars   +AT 

T16- Pulp + MD (5%) + glass jars +RT 

MAS: Months after storage 

A: Appearance C: Colour 
At: After taste O: Odour 

* - Unmarketable 

Te: Texture 

Oa: Overall acceptability 

F: Flavour 

NS- Non-significant 

Ta: Taste 

Ts: Total score 

 

 

 

 

Table 24b. Effect of food additives on organoleptic scores of avocado fruit powder 2 and 3 months after storage 

Treatments 
2MAS 3MAS 

A C TE O F TA AT OA TS A C TE O F TA AT OA TS 

T 
2 

6.7 6.4 6.4 6.4 5.8 5.0 5.1 5.6 47.4 5.8 5.4 5.3 3.6 4.5 2.6 3.3 3.6 34.1 

T 
4 

6.9 7.5 6.9 6.3 6.3 5.6 5.5 5.8 50.8 5.5 6.0 5.3 4.6 4.2 3.0 2.6 4.9 36.1 

T 
6 

7.8 7.2 7.5 5.9 5.9 5.6 5.3 5.7 50.9 6.0 5.8 5.4 5.1 4.5 3.0 3.5 5.2 38.5 

T 
8 

7.3 7.1 7.0 6.2 6.1 5.6 5.6 6.0 50.9 6.3 6.2 5.9 4.5 4.7 2.7 3.7 4.6 38.6 

T 
10 

7.4 7.2 7.2 6.6 6.3 5.8 5.7 6.4 52.6 6.5 5.6 6.1 4.5 4.8 3.3 4.2 4.4 39.4 

T 
12 

7.5 7.4 7.6 6.6 6.7 6.2 5.9 6.1 54.0 5.8 6.2 6.6 5.6 5.1 3.6 3.7 5.1 41.7 

T 
14 

7.7 7.5 7.8 6.4 6.6 6.1 6.0 6.7 54.8 6.0 6.4 6.6 5.4 4.8 3.5 3.6 4.9 41.2 

T 
16 

7.8 7.7 7.8 6.8 7.1 6.2 5.9 6.7 56.0 6.4 6.3 6.8 5.6 5.7 4.1 3.3 5.2 43.4 

Kendall's 

W 
0.11 0.09 0.11 0.05 0.09 0.07 0.06 0.17 

 
0.53 0.08 0.23 0.17 0.10 0.10 0.06 0.15 

 

 
 



115  

lower hygroscopicity (T16: 0.25 and T14: 1.31 %), a* value (T14:14.21 and T16: 14.18), 

b* value (T14: 25.30 and T16:86.46), peroxide value (T14: 1.44 and T16: 5.31 meq./kg), 

water activity (T16: 0.36 to 0.66) and microbial population, freeze dried avocado fruit 

powder with 5% maltodextrin along with additives like ascorbic acid (1%), tricalcium 

phosphate (0.15 %), EDTA (0.05 %) and potassium sorbate (0.05 %) packed in both 

aluminium laminated LDPE pouches (T14) and glass jars (T16) stored under refrigerated 

conditions were observed as the ideal pre-treatments for preservation 

Table 25. Cost of production for 1kg freeze dried avocado fruit powder 
 

Avocado powder Rate Quantity Cost (Rs.) 

Avocado fruits Rs.200/Kg 2.5kg 500.00 

Maltodextrin (5 %) Rs.150/500g 50g 15.00 

Ascorbic acid (1 %) Rs.300/500g 10g 6.00 

Tricalcium phosphate (0.15 %) Rs.345/500g 1.5g 1.03 

EDTA (0.05 %) Rs.300/500g 0.5g 0.03 

Potassium sorbate (0.05 %) Rs.800/500g 0.5g 0.80 

Freeze drying (3kwh) Rs.5/unit 36 hr 540.00 

LDPE laminated aluminium 

pouches 

Rs.6/pack 2 packs 12.00 

Glass jars Rs.10/bottle 4 bottles 40.00 

Labour charge Rs.600/8hr 2 hr 40.00 

Total   Rs.1224.86/kg 

 
4.4.3. Preparation of instant fruit shake 

 

Avocado fruit powder shake was 

standardised with skimmed milk powder, sucrose 

and water in the proportion of 1:2:1:2 with better 

sensorial acceptability. The prepared instant fruit 

shake had appealing appearance, light yellowish 

colour, unique blend of taste and flavour of avocado 

fruit powder and skimmed milk powder, with slight 

after taste of fruit powder (Plate 15). 

 

 

 

 

 

 

 

 

 

 

 
Plate 15. Instant avocado 

fruit shake 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

DISCUSSION 



 

5. DISCUSSION 

Avocado (Persea americana Mill), is a subtropical, evergreen fruit tree 

belonging to the family Lauraceae. Krumreich et al. (2018) reported that the bioactive 

compounds in avocado pulp of Breda variety such as lipid, protein, TSS, fiber, ash, 

acidity, phenols and antioxidant activity were in the range of 15.8 %, 1.7 %, 8.1 
º
Brix, 

1.6 %, 0.6 %, 0.5 %, 97.3 mg gallic acid kg
−1

 and 79 % inhibition, respectively. 

Avocado fat composition is similar to olive oil, rich in mono-unsaturated fatty acids 

which reduces the low density lipoproteins in blood, are responsible for its therapeutic 

value (Gosh, 2000). 

The unique climacteric nature of the fruit which starts ripening immediately 

after harvest, leads to faster spoilage and decay. Avocado based products have a very 

short shelf-life due to the deteriorative effects of various enzymes such as polyphenol 

oxidase. The major concerns regarding the processing and preservation of avocado 

includes maintaining the optimum ripeness and reducing discolouration by retarding 

the enzymatic browning due to polyphenoloxidase and overcoming off-flavour 

development and loss of texture (Owusu, 2011). One of the commonly used 

preservation methods to counteract this problem is the use of additives such as 

antioxidants (ascorbic acid, citric acid), preservatives (sodium benzoate and potassium 

sorbate), etc (Cortes-Rodríguez et al., 2019). New technologies like freeze drying is an 

ideal preservation method by lowering moisture content and water activity thereby, 

curbs the enzymatic activity and microbial growth, with the combined action of freezing 

and vacuuming (Owusu, 2011). 

Due to the limited number of processed products, avocado fruits are consumed 

in the fresh form world over. As it is a seasonal fruit crop, lack of appropriate processing 

and storage conditions results in huge losses. Conventional avocado processing have 

many detrimental effects and there is scarcity of studies with new technologies 

regarding the processing and preservation of avocado. Thus, the present investigation 

was taken up to characterise avocado accessions and explore different preservation 

techniques and its suitability in the post harvest life of avocado. 

The major observations obtained in the study titled “Post harvest 

characterisation and management of avocado (Persea americana Mill.)” are discussed 

in this chapter in the following sections. 



 

5.1. Characterisation of avocado accessions 

5.2. Effect of shrink packaging and storage temperature on quality and shelf life of 

avocado 

5.3. Effect of food additives on quality of frozen avocado during storage 

5.4. Effect of food additives on quality of avocado pulp and avocado fruit powder 

 
 

5.1. Characterisation of avocado accessions 

5.1.1. Horticultural traits 

Among 27 accessions collected from different parts of Kerala, fruit shape varied 

from clavate to spheroid with highest and lowest fruit length, fruit diameter and fruit 

weight were observed in accession 13 and 14, respectively. Most of the accessions 

maintained high uniformity in fruit size with inflated base shape and rounded apex 

shape with central apex and pedicel position. In most of the accessions, fruit surface 

were devoid of ridges with strong glossiness and intermediate smooth skin surface in 

fruits collected from Wayanad while medium glossiness with smooth skin surface were 

observed in most of the fruits collected from Idukki. In accessions collected from 

Wayanad, fruits skin colour turned to purple on ripening while greenish yellow colour 

was noticed in ripened fruits of most of the accessions collected from Idukki. Fruit skin 

thickness was higher in fruits collected from Idukki than Wayanad, which were brittle 

with slight adherence to the flesh. Colour of the flesh next to the skin was light green 

and that next to the seed was light yellow. Buttery textured low fibrous flesh with 

neither sweet nor bitter in taste were observed in most of the accessions. General taste 

of flesh was fair to good while accessions such as 16, 19 and 25 had excellent taste of 

flesh. Discoloration was not observed in most of the accessions even four hours after 

cut opened the fruit except in accession 5 with grey discoloration and accession 3, 14, 

22 and 26 with brown discoloration. 

Avocado fruits weighing 98.8, 309.8 and 312.5 g with peel having very thin, 

thick and medium thickness and membrane, corky and leathery texture were reported 

in Mexican, Guatemalan and Antillean races, respectively (Dorantes et al., 2004). 

Manuwa and Muhammad (2010) reported that the size of fruit decreased with an 

increase in moisture content. Avocado fruit could be pear-shaped, egg-shaped or 

spherical, with 7-20 cm long and 100-1000 g weight depending on the variety (Maitera 

et al., 2014). Duarte et al. (2016) reported that Antillean race, originated in the lowland 
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regions of South America and Central America, had large fruits of pyriform shape. 

Guatemalan race, originating from the highlands of Central America, had round fruit 

and Mexican race, in the highlands of Mexico and the Andes had small fruit. The variety 

Quintal, hybrid of Antillean and Guatemalan races had large pyriform fruits with 500- 

800 g weight, while Hass variety had an average size of 180 to 300 g (Duarte et al., 

2016). 

Fruits of Mexican race had thin smooth skin while Guatemalan races had thick 

and often warty fruit skin and in West Indian races fruit skin was smooth, leathery and 

glossy textured. Hass variety had fruits with pebby green skin forming purplish black 

when ripened with creamy, pale green flesh. Fuerte variety had smooth green fruits of 

high quality with creamy, pale green flesh which was easily peelable (Tripathi and 

Sanker, 2014). 

The fruits of variety Quintal had smooth greenish coloured skin and yellow flesh 

with less adherence to skin (Duarte et al., 2016). Nnaji and Okereke (2016) reported 

that the pulp of mature avocado fruit had sweet pleasant taste. 

Augustine (2020) characterised avocado fruits collected from Ambalavayal in 

Wayanad, in which avocado fruits appeared in narrowly obovate, clavate, pyriform, 

ellipsoid and spheroid shapes with fruit weight in the range of 152.40 g to 434.20 g, 

fruit length varied from 7.68 to 14.66 cm, fruit diameter from 5.30 cm to 8.42 cm and 

skin thickness of 1 mm. Depressed base shape and flattened apex shape without ridges, 

intermediate glossiness and smooth skin surface were most commonly seen. Purple or 

light green coloured skin with light green and light yellow colour in flesh next to skin 

and next to seed, respectively were reported. Buttery textured flesh with low degree of 

discoloration even four hours after cut opened the fruit was commonly observed among 

the 25 accessions collected from Wayanad. 

5.1.2. Biochemical characterisation 

5.1.2.1. Total soluble solids 

Among the 27 genotypes of avocado collected from Wayanad, Idukki and 

Thrissur districts of Kerala, total soluble solids (TSS) were observed in the range of 

4.27 ºBrix in Acc. 20 to 11.33 ºBrix in Acc. 13. 

Astudillo-Ordonez and Rodrigez (2018) reported a range of 5.07 and 7.26 ºBrix 

of total soluble solids in avocado fruits before storage. Kruger et al. (2019) observed 
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an increase in TSS content of avocado fruits in the orchard from 7.70 to 10.50 ºBrix in 

early season varieties while it varied from 8 to 11 ºBrix in late season varieties. The 

study revealed that the lowest TSS value indicated the end of maturation phase and the 

starting of on-tree ripening. Augustine (2020) reported that the TSS content in 25 

accessions of avocado fruits collected from Ambalavayal in Wayanad varied in the 

range of 6.30 to 10.60 ºBrix. Kassim and Workneh, (2020) reported total soluble solids 

of 2.90 ºBrix in avocado fruits before storage. 

5.1.2.2. Titratable acidity 

Titratable acidity varied significantly among the accessions collected from 

Kerala which ranged from 0.28 to 2.84 % in Acc 27 and Acc 12, respectively. 

Ahmed et al. (2010) reported mild decrease of titratable acidity during ripening 

in avocado cv. Fuerte. As the ripening advanced, total acid content in avocado (tartaric, 

malic, citric and ascorbic acids) decreased with major decrease in malic acid which 

resulted in the decrease of titrable acidity (Defilippi et al., 2015). Among the 25 

accessions of avocado fruits collected from Ambalavayal in Wayanad titratable acidity 

was observed in the range of 0.64 to 1.28 % (Augustine, 2020). Kassim and Workneh, 

(2020) reported titratable acidity of 1.7 to 1.9 mg.mL
-1

 in fresh avocado fruits without 

any treatments or storage. 

5.1.2.3. Vitamin C 

Vitamin C content in ripe avocado fruit varied from 5.33 mg/100g in Acc. 18 

and Acc. 20, collected from Idukki, to 20.00 mg/100g in Acc. 11, from Wayanad. 

Lower vitamin C was observed in accessions collected from Wayanad and highest in 

that from Idukki. 

According to Dreher and Davenport (2013) edible portion of Hass  avocado contained 

8.80 mg ascorbic acid/100 g FW. Tripathi and Sanker (2014) mentioned chemical 

composition of avocado fruit per 100g of edible portion in which ascorbic acid content 

was about 16.00 mg. Pedreschi et al. (2019) reported an average content of vitamin C 

of 0.41 mg gDM
−1

 of mesocarp tissue and observed a decrease with fruit development. 

5.1.2.4. Total carbohydrates 

Total carbohydrates in ripe avocado fruits were comparatively low and in the 

range of 0.40 g/100g in Acc. 7 to 3.81 g/100g in Acc. 25. 

Dorantes et al. (2004) and Soares and Ito (2015) mentioned that the biochemical 

composition of avocado pulp in which total carbohydrate content was in the range of 

3.70 to 5.80 g/100g and 0.80 to 4.80 %, respectively. Nnaji and Okereke, (2016)    
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reported total carbohydrates in the range of 4.90 – 8.64 % in the pulp of various avocado 

varieties such as Brogdon, Russel and Choquette. 

5.1.2.5. Total protein 

In the present study, fruits collected from Wayanad (0.50 to 1.59 g/100g) had 

lower protein content than that from Idukki (8.33 to 11.93 g/100g). The total protein 

was observed in the range of 0.50 g/100g in Acc. 9 to 11.93 g/100g in Acc. 15. 

According to Soares and Ito (2000) and FAO (2004), the protein content in 

avocado fruits was in the range of 1.00 to 3.00 % and 1.37 to 1.81 g/100g, respectively. 

Nair and Chandran (2018) reported total protein content of 1.32, 1.27, 1.23 and 1.15 g 

per 100g of pulp in avocado cultivars available in Kerala such as Pollock, Kallar Round, 

Purple Hybrid and Fuerte, respectively. 

5.1.2.6. Total phenols 

Total phenols in the fruits of 27 accessions collected from Kerala was in the 

range of 33.33 mg/100g in Acc. 22 to 102.83 mg/100g in Acc. 12, which were from 

Idukki and Wayanad districts, respectively. Total phenolic content was higher in fruits 

collected from Wayanad. 

Hurtado-Fernández et al. (2015) reported that the concentration of phenolic 

acids generally decreased as the fruit ripened. Cenobio-Galindo et al. (2019) observed 

that the total phenolic content of 238.14 to 247.33 mg GAE/100g in nanoemulsion 

coated Hass avocado, during the initial period of storage. Phenolic compounds were 

stimulated under stressed conditions which contributeed to the antioxidant activity of 

avocado under storage conditions (Cenobio-Galindo et al., 2019). 

5.1.2.7. Total flavonoid 

Total flavonoid content varied from 24.80 mg/100g in Acc. 9 to 66.67 mg/100g 

in Acc. 25, which were the accessions collected from Wayanad and Idukki, 

respectively. 

Alonso et al. (2017) reported flavonoid content of about 0.29 to 0.75 mg QE 

eq./g of fruit sample in dry weight basis. Total flavonoid content in avocado edible oil 

extract was observed as 0.19 ±0.02 mg RE/g (Xaun et al., 2018). Cenobio-Galindo et 

al. (2019) observed 36.04 to 37.07 mg QE/100g in nanoemulsion coated Hass avocado 

during the initial period of storage. Cenobio-Galindo et al. (2019) elucidated that the 

important flavonoids in avocado were catechin and epicatechin, having potential of 

antioxidant activity and it increased in fruits under stressed situation. The increase in 
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total flavonoid content in avocado mesocarp during storage of 60 days varied from 

32.00 to 48.00 mg QE/100g among different treatments with nanoemulsion. 

5.1.2.8. Total fat 

Total fat extracted from the fruits of 27 accessions collected from Kerala, varied 

significantly from 0.79 to 10.02 % in Acc.4 and Acc.7, respectively. 

The oil content of avocado gradually increase with ripening which can be 

considered as an important index of avocado fruit ripening. Local climatic conditions, 

altitude and irrigation are important factors that have significant effect in the fat content 

of avocado fruits. Fruits of West Indian race and West Indian–Guatemalan hybrids had 

lower oil content, less taste, reduced shelf life and limited consumer acceptance than 

Guatemalan/Mexican types (Litz et al., 2005). Mostert et al. (2007) reported that ripe 

fruits of avocado had higher oil yield than unripe fruits. Ariza et al. (2011) reported 

15.80 % fat content in Hass avocado fruits grown in Mexico. Castaneda-Saucedo et al. 

(2014) observed 4 % less total fat in rainfed crops than irrigated crops and also 13 % 

lower oleic acid in rainfed crops. It can be related with the proper utilization of irrigation 

water, resulting in the increase of net assimilation of CO2 and accumulation of 

photoassimilates. The fat content in West Indian race was 2.59 to 11.80 % as reported 

by Teng et al. (2016). Augustine (2020) reported that fat content in avocado fruits 

collected from Ambalavayal was in the range of 2.63 to 6.78 %. 

5.1.2.9. Oleic acid 

In the present study, oleic acid content in avocado fruit accessions collected 

from Wayanad, Idukki and Thrissur districts of Kerala ranged from 13.49 to 86.86 

g/100g in Acc. 6 and Acc. 10, respectively. 

Avocado oil contains monounsaturated fatty acids mainly oleic acid which 

makes its biochemical composition similar to olive oil. Tovar (2003) and Sanchez 

(2012) reported 64.87 and 44.4 % of oleic acid in fresh avocado pulp, respectively. 

Avocado pulp with oleic acid content of 41.91 to 43.37 % was obtained in 250 mL 

hexane for 2 hours extraction (Gatbonton et al., 2013). 

5.1.2.10. Calcium 

Calcium content in fresh avocado fruits characterised in the present study varied 

among genotypes from 4.90 mg/100g in Acc. 16 to 13.46 mg/100g in Acc. 25. 

Tripathi and Sankar (2014) reported 10.00 mg of calcium content in avocado 

fruit samples and Nair and Chandran (2018) reported about 9.00, 9.20, 9.50 and 9.80 

mg per 100g in avocado cultivars Pollock, Fuerte, Kallar Round and Purple Hybrid, 
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respectively. Maitera et al. (2014) mentioned about the nutritional composition of 

avocado pulp in which calcium content was 12.00 mg/100g. 

5.1.2.11. Potassium 

Potassium content in fresh avocado fruits characterised in the present study 

ranged from 122.27 mg/100g in Acc.16 to 460.00 mg/100g in Acc.10. Higher 

potassium content was observed in fruits collected from Wayanad than that from 

Idukki. 

Maitera et al. (2014) mentioned that avocado contained 35 % more potassium 

than banana. Durante et al. (2016) reported about 339.00 mg/100g of potassium content 

in avocado. Nair and Chandran (2018) reported about 300, 400, 500 and 525 mg/100g 

of potassium in different cultivars such as Pollock, Kallar Round, Purple Hybrid and 

Fuerte, respectively. 

5.1.2.12. Iron 

In the present study, iron content obtained in fresh and mature avocado fruits 

varied from 0.04 in Acc. 17 to 0.44 mg/100g in Acc. 26. 

Maitera et al. (2014) observed 0.069 mg/100g of iron content in avocado fruit 

samples. Tripathi and Sankar, (2014) reported about 0.60 mg/100g, Nair and Chandran 

(2018) obtained 0.40-0.60 mg/100g in different cultivars of avocado cultivated in 

Kerala. 

5.1.2.13. Total ash 

In the present study, total ash content of avocado fruits varied significantly from 

0.27 % to 1.79 % in Acc. 8 and Acc. 3, respectively which represented the total mineral 

composition in the fruits. 

FAO (1989) and USDA (2009) reported 0.4-1.68 % and 0.91 % of ash content 

in fresh avocado fruits, respectively. Orhevba and Jinadu (2011) reported about 1.52 % 

ash content in variety Fuerte. Castaneda-Saucedo et al. (2014) reported about 9.40 and 

10.33 g/100g of ashes in avocado fruit pulp grown under rainfed and irrigated 

conditions, respectively. Tripathi and Sankar (2014) reported total ash content of 

avocado fruits as 0.58-0.89 g 100g
–1

. Nnaji and Okereke (2016) reported 1.00 to 1.07 

% ash content in the pulp of various avocado varieties such as Brogdon, Russel and 

Choquette. 
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5.1.2.14. Crude fibre 

 
Avocado fruits of 27 accessions collected from Kerala had crude fibre content 

in the range of 2.24 to 7.61 % in Acc. 12 and Acc. 6, respectively. 

Avocado has higher fibre content among fruits with 75 % insoluble and 25 % 

soluble fibre. Fibre content in fruit sample have regulatory effect in the appetite as well 

as in the bowel movement. Soares and Ito (2015) reported crude fibre content of 

avocado fruits with 1.40 to 3.00 %. USDA (2009) suggested crude fibre content in 

avocado fruits as 6.70 g 100g
–1

 and Orhevba and Jinadu (2011) reported 6.90 g 100g
–1

 

in variety Fuerte. Castaneda-Saucedo et al. (2014) and Maitera et al. (2014) reported 

that crude fibre content in avocado fruit was 6.10 to 6.23 g/100g and 4.03 %, 

respectively. Nnaji and Okereke (2016) reported that crude fibre content in fresh 

avocado fruit ranged from 4.15 to 4.80 %. 

5.1.2.15. Antioxidant activity (DPPH, ABTS, FRAP) 

 
Inhibitory concentration (IC50), indicating the concentration of antioxidant in 

the avocado fruit capable for scavenging 50 % of the free radicals was analysed using 

DPPH, FRAP and ABTS assays (Fig.1). IC50 value observed in the DPPH, FRAP and 

ABTS assays of fresh avocado fruit were 4.07 μg/mL, 2.58 μg/mL and 0.10 μg/mL, 

respectively. Lowest IC50 value in ABTS assay indicated the highest antioxidant 

activity followed by FRAP and DPPH assays. Vieites et al. (2012) recorded antioxidant 

activity of avocado cv. 'Fuerte' in DPPH assay in the range of 17.60 to 68.70 %, with 

higher values for fruits at room temperature and an increasing trend was observed after 

respiratory peak of fruits during storage. Wang et al. (2012) reported higher antioxidant 

capacity in early harvested (January) Hass avocado fruit than late harvested (June) 

during storage period of 35 days. In DPPH assay, it was in the range of 37.29 to 60.29 

%, 37.03 to 65.28 % and 38.04 to 69.59 % at 0, 21 and 35 days of cold storage, 

respectively. While in FRAP assay, it was 1.42 to 2.46, 1.46 to 2.72 and 1.44 to 2.93 

μmol Fe
2+

/g FW at 0, 21 and 35 days of cold storage, respectively. 
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Sample Standard 

Fig. 1. Antioxidant activity of superior accession (Acc. 25) 
 

 
 

 

 

 

 
Archana (2019) reported DPPH radical scavenging activity in avocado cultivars 

collected from Ambalavayal such as Fuerte, Purple Hybrid, Kallar Round and Pollock 

as 40.76, 34.03, 38.98 and 42.52 μg/mL, respectively. Cenobio-Galindo et al. (2019) 

reported a corresponding change in the antioxidant activity with respect to the bioactive 

compounds such as phenols and ‼avonoids while an increase in antioxidant activity 

was reported with increase in storage time. 

Antioxidant activity of avocado mesocarp treated with 25 % nanoemulsions 

assessed using DPPH and ABTS assays increased from 309.00 to 435.00 mg AAE/100g 

and 211.40 to 233.87 mg AAE/100g and in 50 % nanoemulsions from 242 to 439 and 

112 to 310 mg AAE/100g, respectively after 30 and 60 days of storage, respectively 

(Cenobio-Galindo et al., 2019). 

Chaiyasut et al. (2019) reported an initial antioxidant activity of 0.11-0.16 and 

0.28-0.42 mg Trolox equivalent/g of avocado oil in DPPH and ABTS assays, 

respectively. In the study it was concluded that avocado oil stored in dry cool conditions 

along with protection from light in amber coloured bottles retained the quality up to 3 

months without any significant changes in acid value, peroxide value, total phenolic 

content and antioxidant activity. 
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5.2. Effect of shrink packaging and storage temperature on quality and shelf life 

of avocado. 

5.2.1. Physical and physiological parameters 

5.2.1.1. Shelf life 

In the present study, avocado fruits with calcium chloride pre-treatment and 

shrink packaging along with storage under refrigeration (4-7 ºC) and cold storage (12- 

13 ºC) were recorded with longest shelf life of 27 days. In the fruits kept as control, 

under refrigeration and cool chamber storage, shelf life increased to 20 and 22 days, 

respectively and in ambient condition it was only 7 days. In calcium chloride pre-treated 

fruits, shelf life increased to 10, 20 and 24 days under ambient, refrigeration and cool 

chamber, respectively (Fig.2.). 

Powell (1988) reported that shelf life of avocado was extended from 3.9 to 5.5 

days and 4.0 to 6.3 days after 4 and 6 weeks of cold storage (5.5 ºC), respectively by 

the use of multi-layered film with 35-57 % oxygen permeability. Shelf life of avocado 

can be extended by delayed ripening due to tissue softening, cell wall disintegration, 

and pigment degradation by reducing the ethylene production and respiration rate 

(Alvarez et al., 2012). The shelf life of ※rm avocados can be extended up to 6 weeks 

under Controlled Atmospheric Storage (CAS) conditions of 5–12 ºC, 95 % relative 

humidity (RH), 2–5 % O2 and 3-10 % CO2 (Munhuweyi et al., 2019). Low temperature 

is important in extending shelf life of avocados by retarding the metabolism by reducing 

respiration rates, ethylene evolution, softening and colour change (Kassim and 

Workneh, 2020). 

5.2.1.2. Physiological Loss in Weight (PLW) 

Physiological Loss in Weight increased during storage with the increase in 

respiration and metabolism, which indicated the senescence of the fruits. Lower PLW 

was observed in shrink packaged fruits under refrigeration (T8) followed by those under 

cool chamber (T9) during 27 days of storage (Fig.3.). 

Illeperuma and Nikapitiya (2015) reported that in thinner packaging material, 

higher water vapour permeability contributed to lower moisture condensation inside the 

package but significant effect was not observed in weight gain/loss. Olivares et al. 

(2020) reported that avocado fruits in the advanced maturity stage had a higher weight 

loss than fruits at the early maturity stage. In “Fuerte” cultivar of avocado, fruits at the 

early maturity stage stored for 30 days had weight loss less than 3 % and for 50 days it 
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Fig. 2 Effect of shrink packaging and storage temperature on shelf life (days) of 

avocado 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Fig. 3. Effect of shrink packaging and storage temperature on physiological loss 

in weight (PLW) (%) of avocado during storage 
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was less than 3.5 %, in room temperature and lower values close to 1 % obtained in 

fruits under controlled atmosphere storage. The use of plastic ※lms and refrigeration 

reduced weight loss and packaged fruits of avocado under ambient condition showed 

higher loss of moisture which resulted in higher PLW (Olivares et al., 2020). 

5.2.1.3. Respiration rate 

The least respiration rate with decreasing trend was noticed in calcium chloride 

pre-treated shrink packaged fruits under refrigerated storage during 27 days of storage 

and climacteric peak was observed in all the treatments which were more pronounced 

in samples stored under cool chamber. In fast ripened fruits, climacteric peak was 

noticed in the early days of storage while in treatments with longer shelf life such as 

calcium chloride pre-treated shrink packaged fruits in cool chamber and refrigeration, 

climacteric peak was noticed after 15 and 18 days of storage, respectively indicated low 

rate of respiration (Fig.4). 

The rate of respiration of avocado fruit exhibited a typical climacteric pattern 

during storage. Pathirana et al. (2013) observed the climacteric respiratory peak of 

control 4 days after transferring avocado fruits from 5 ºC to 20 ºC, and respiration rate 

decreased rapidly afterward. In the study it was mentioned that low O2 significantly 

inhibited the peak value of respiration rate. Blakey et al. (2014) reported that Hass 

avocado fruits stored at 1 ºC in cold storage had significantly reduced respiration rates, 

ethylene evolution rates, rate of softening, water loss and fresh weight (FW) loss during 

28 days of storage life. 

Illeperuma and Nikapitiya (2015) reported that lower gas permeability of the 

thicker packaging material decreased O2 concentration and increased CO2 

concentration in the atmosphere surrounding the avocado fruit inside the package. The 

O2 concentration fell from 14.1 % to 6.3 % and 10.8 % to 3.8 % while CO2 

concentration rose from 4.7 % to 4.9 % and 3.8 % to 8.1 % during 10 days of storage 

in 0.050 mm and 0.075 mm thick LDPE packages, respectively. 

Chen et al. (2017) observed a respiratory peak of 81 mg.kg
−1

h
−1

 after 6 days of 

storage in naturally ripened Hass avocado fruit. In Fuerte, the CO2 production rate at 

harvest was similar at all the maturity stages and the respiration rate increased in fruits 

stored under regular air storage (Olivares et al., 2020). 
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5.2.1.4. Ethylene evolution rate 

The lowest ethylene evolution rate was seen in calcium chloride pre-treated 

fruits under cool chamber (T6) during 24 days of storage followed by calcium chloride 

pre-treated shrink packaged fruits under refrigeration (T8) and cool chamber (T9) with 

a peak value after 18 and 24 days of storage, respectively (Fig.5.). 

The ethylene production rate in avocado variety “Edranol” was three to ※ve 

times higher in fruits stored under regular atmosphere (RA) after 50 days of storage 

than that stored for 30 days, mainly due to the advanced ripening process in regular 

atmosphere (Jeong et al., 2003). Pathirana et al. (2013) reported that the rate of ethylene 

evolution of avocado fruit exhibited a typical climacteric pattern during storage which 

was observed 4 days after stored at 20 ºC in control. It was also mentioned that low O2 

significantly suppressed ethylene production and delayed the peak of ethylene. 

Avocado fruit after 6 weeks storage in CA at 5 ºC ripened signi※cantly more slowly 

than 7 ºC and in air at 5 ºC (Burdon et al., 2017). Chen et al. (2017) observed that in 

naturally ripened Hass avocado fruit, the ethylene evolution rate attained peak value of 

38 to 41 mL kg
−1

h
−1

 after 6 days of storage. Increased ethylene production was observed 

in “Fuerte” and “Edranol” cultivars of avocado fruits stored under regular air storage 

until the ready-to-eat stage (Olivares et al., 2020). 

5.2.1.5. Texture 

The firmness of the fruits decreased during storage with the progress of ripening 

process such as respiration and metabolism and subsequent softening of fruit. Highest 

retention of firmness during storage was noticed in fruits under refrigeration and cool 

chamber storage. The rate of decrease in texture was lower in calcium chloride pre- 

treated shrink packaged fruits under cool chamber (T9) which was from 6.60 to 0.33 

kg/cm
2
 and in refrigeration (T8) from 10.55 to 0.15 kg/cm

2
 during 27 days of storage. 

Fruits stored in cool chamber (T3 and T6) had also maintained better firmness during 

storage (Fig.6). 

Softening in avocado fruits is associated with the increase in hydrolytic 

enzymatic reactions and subsequent breakdown of cell wall (Kanellis et al., 1989). 

Partially ripened fruits obtained a firmness of about 12.5 ±0.6 kg cm
–2

 (Nikapitiya and 

Illeperuma, 2003), higher than the results obtained, which may be due to the faster 

ripening characteristic of avocado fruits. Fruits stored under RA at 5 ºC for 3.5 weeks 

began to soften during storage and reached the ready-to-eat stage a week later when 

exposed to 20 ºC (Hershkovitz et al., 2005). Burdon et al. (2017) reported that after 6 
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Fig.4. Effect of shrink packaging and storage temperature on respiration rate (% 

CO₂ ) of avocado during storage 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 5. Effect of shrink packaging and storage temperature on ethylene 

evolution rate (%) of avocado during storage 
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weeks of storage, avocado fruits stored at 5 ºC and 7 ºC in CA retained the firmness 

with 96.1 and 87.3 N, respectively while fruits in RA at 5 ºC became soft (67.7 N). 

Arpaia et al. (2015) mentioned that in Hass avocado fruits „near ripe‟ and „eating 

firmness‟ could be determined from the firmness values close to 19 N and 4.4–6.7 N, 

respectively. Mazhar (2015) mentioned the importance of post harvest application of 

calcium in strengthening the cell wall thereby maintaining the fruit texture and 

firmness, and reducing the rate of ripening. It reduced the severity of bruising on 

avocado fruit surface. Nikapitiya and Illeperuma (2015) reported reduction in firmness 

of avocado slices from 12.5 to 6.3 kg cm
–2

 after 3 days and further to 5.8 kg cm
–2

 after 

10 days of storage at 8 ºC when the fruits can be recognised as at table-ripe stage. 

“Fuerte” cultivars of avocado at all maturity stages stored under RA had a sharp 

decrease in ‼esh ※rmness during storage, from 230 N at harvest to 70 N and 20 N after 

30 and 50 days, respectively. Fruits stored under CA maintained ※rmness levels 

independent of the storage period or maturity stage (Olivares et al., 2020). 

Ma et al. (2020) reported that the textural properties of avocado flesh varied 

depending on different compression locations such as head, middle and tail, and 

compression speed and distance which may significantly determine the key indicators 

of avocado texture such as hardness, springiness and cohesiveness. 

5.2.1.6. Decay (%) 

In the present study, avocado fruits stored as control without any packaging 

under ambient storage (T1) decayed completely within 9 days after storage. Control and 

calcium chloride pre-treated fruits under refrigeration remained without 100 per cent 

decay up to 21 days of storage. In control and calcium chloride pre-treated fruits in cool 

chamber, 100 per cent decay was observed after 24 days of storage. Calcium chloride 

pre-treated shrink packaged fruits under refrigeration and cool chamber storage 

remained without 100 percent decay up to 27 days of storage. The shrink packaged 

fruits retained the freshness for longer days of storage with slow rate of decay (Fig.7). 

Internal damage includes grey pulp (mesocarp discoloration starting at the  bottom of 

the fruit adjacent to the seed and spreading upwards and outwards) and vascular 

browning (brown vascular bundle discoloration at the stem end of the fruit at 

advanced maturity stage under RA) and pulp spot (black or grey spots along the margins 

of the vascular bundles, distributed randomly throughout the fruit). Lower susceptibility 

to pulp spot shows the capacity to withstand low temperature at the advanced maturity 

stage. 
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The incidence of external damage was observed immediately after storage in 

fruit at the early maturity stage stored under RA. External damage in avocado is 

associated with the development of physiological disorders related to chilling injury 

which may result in skin browning, internal browning, vascular browning and increased 

pathogen susceptibility (Woolf et al., 2003). 

Fruits stored for 6 weeks at 2 or 5 ºC had greater incidence and severity of stem 

end rot and brown patches than fruits stored for 4 weeks. Internal chilling injury was 

related to both maturity and storage duration with the late season fruit having the 

greatest incidence and severity of diffuse flesh discolouration (Dixon et al., 2004). 

After 6 weeks of storage, the incidence of rots in the ripe fruit was affected by 

the storage environment. Lowest incidence of stem end rot (SER), body rot (BR) and 

vascular browning (VB) were observed in fruit stored in CA at 5 ºC. There was no 

increase in the diffuse ‼esh discoloration (DFD) incidence with storage time for 

samples under CA storage. There was large decrease in the quality of fruit when air 

storage was extended from 4 to 6 weeks compared to CA stored fruit (Burdon et al., 

2017). 

5.2.1.7. Post harvest disease incidence 

During post harvest storage of avocado, fruits were mainly infected with 

diseases like anthracnose, fruit rot and stem end rot, which were caused by 

Collectotrichum gloeosporioides. 

Avocado is susceptible to decay within a few days after ripening. Durand (1984) 

reported least post harvest disease symptoms in avocado fruits packed with shrink 

packaging material. The most common diseases are stem end rot, anthracnose and 

Collectotrichum fruit rot (Korsten et al., 1988). Menge and Ploetz (2003) reported 

higher incidence of tissue breakdown related with stem end rot and body rot under hot 

and humid climate caused by Colletotrichum gloeosporioides, causal organism of 

anthracnose also. On microbial analysis among three randomly selected decayed fruits 

showed the presence of Collectotrichum, which caused stem end rot as well as 

anthracnose. Regardless of the month of harvest, storage at 5 ºC for 4 weeks would be 

suitable for keeping the optimum quality of avocado fruits (Dixon et al., 2004). The 

incidence of mold at the peduncular scar of the fruit was observed mainly in avocado 

stored under RA at 5 ºC after 30 days. In fruit at the advanced maturity stage, the 

incidence of damage increased with the storage period, reaching 80 % in avocado under 
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avocado during storage 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Fig. 7. Effect of shrink packaging and storage temperature on decay (%) of 

avocado during storage 
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RA after 50 days. Avocado fruits stored in CA at 7 ºC had lower incidence of fuzzy 

patches (FP) due to fungal infection and discrete patches (DP) due to physiological 

disorder than those stored in either CA or RA at 5 ºC (Burdon et al., 2017). Augustine 

(2020) reported anthracnose caused by Collectotrichum gloeosporioides and scab by 

Sphaceloma perseae in avocado fruits collected from Wayanad. 

5.2.2. Biochemical parameters 

5.2.2.1. Total Soluble Solids 

In the study, significantly highest value of total soluble solids was observed in 

calcium chloride pre-treated fruits under cool chamber (T6) throughout the storage 

period of three weeks. TSS in avocado fruits increased during storage which might be 

due to the conversion of starch into soluble sugars during ripening and osmotic effect 

of calcium chloride. Lowest TSS content in shrink packaged fruits under refrigeration 

and cool chamber indicated the slower rate of ripening (Fig. 8a). 

Aguirre-Joya et al. (2017) observed a general increase in the TSS of avocado 

fruit during storage without any significant change in both refrigerated and room 

storage conditions. There was an increase in brix degrees (5.07 to 7.26) and pH (6.58 

to 7.14) throughout the storage time until the fourth week, which decreased afterwards. 

In contrast, acidity dropped (9.47 to 9.24 %) with storage time (Astudillo-Ordonez and 

Rodrigez, 2018). 

Total soluble solids increased in general throughout the storage due to the 

hydrolysis of carbohydrates stored within the fruits into soluble sugars, which was in 

faster rate at ambient conditions under higher temperature and reduced relative 

humidity. Lower rate of increase in TSS indicated the slower rate of senescence and 

ripening, and longer shelf life (Kassim and Workneh, 2020). 

5.2.2.2. Titratable acidity 

Titratable acidity decreased after one week of storage and increased towards the 

end of storage. Significantly highest values were found in shrink packaged fruits under 

ambient (T7), refrigeration (T8) and cool chamber (T9), two weeks after storage 

indicated the lower rate of biochemical and metabolic reactions and subsequent 

ripening of the fruits (Fig. 8a). 

Kassim and Workneh (2020) observed an increase in titratable acidity during 

all the storage conditions of ambient, refrigeration and cold storage, but it increased at 

a faster rate under ambient condition (1.9 to 11.5 %) than cold storage (1.7 to 7.5 %) 
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which extended the shelf life by 14 more days. It was also reported that fruits under 

packaged conditions had lower titratable acidity than those under unpackaged 

conditions. 

5.2.2.3. Total carbohydrates 

Total carbohydrates decreased during storage and higher content were observed 

in control under ambient condition (T1), calcium chloride pre-treated fruits under 

refrigeration (T5) and calcium chloride pre-treated, shrink packaged fruits under 

refrigeration (T8) after 1, 2 and 3 weeks of storage, respectively (Fig. 8a). 

Liu et al. (1999) described the carbohydrate fluctuations especially in soluble 

sugars and starch in Hass avocado during low temperature storage and ripening. In the 

study it was observed that during post harvest storage at 1 or 5 ºC, glucose, fructose, 

sucrose and D-mannoheptulose sugar concentrations and starch decreased. Blakey et 

al. (2012) observed a slight increase in the concentration of glucose and fructose to 1.4 

mg g
–1

 DW and 0.8 mg g
–1

 DW, respectively, and sucrose concentration was 1.5–4.0 

mg g
–1

 DW, remained with moderate variations during ripening. 

5.2.2.4. Total protein 

Total protein content in the avocado fruits increased after one week of storage 

indicated the lower rate of enzymatic reactions and decreased towards the end of 

storage, which might be due to the gradual increase in proteolytic enzymatic reactions 

and hydrolytic degradation of proteins in the fruits (Fig. 8a). Avocado fruits had an 

initial total protein content of 1.75 g/100g and significantly highest value (2.92 g/100g) 

was observed in calcium chloride pre-treated, shrink packaged fruits under refrigeration 

(T8) after 1 and 2 weeks of storage and in calcium chloride pre-treated fruits under cool 

chamber (T6) after 3 weeks of storage. 

Kanelli et al. (1989) reported the increase of proteolytic and hydrolytic enzymes 

such as cellulase, polygalacturonase and acid phosphatase with the progress of ripening. 

Castaneda-Saucedo et al. (2014) reported average protein content of avocado fruit, 

expressed in wet basis as 1.51 g/100g, with 1.49 g/100g in irrigated crops and 1.52 

g/100g in rainfed crop. Blakey et al. (2012) observed an increase in the concentration 

of total soluble proteins in avocado fruits during ripening from 17.8 mg g
–1

 DW to 34.8 

mg g
–1

 DW. 
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Fig. 8a. Effect of shrink packaging and storage temperature on biochemical parameters of avocado during storage 
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5.2.2.5. Vitamin C 

Vitamin C is water-soluble and highly susceptible to the biochemical reactions 

and thermic degradation and oxidative degradation during processing and storage. 

Ascorbic acid content of avocado fruits before storage was about 14.67 mg/100g and it 

decreased initially and increased with the end of storage. Initial decrease might be the 

result of biochemical and metabolic reactions in the fruits during pretreatment and 

storage conditions. While subsequent increase in vitamin C might be due to the 

oxidative response at low temperature storage and subsequent production of antioxidant 

vitamin C. 

It varied non-significantly after 1 week of storage. Significantly higher ascorbic 

acid content was recorded in fruits kept as control in cool chamber (T3) and calcium 

chloride pre-treated fruits in cool chamber (T6) after two and three weeks of storage, 

respectively (Fig.8b.). Low vitamin C in control and calcium chloride pre-treated fruits 

under refrigeration might be due to chilling injury and increase in biochemical 

reactions, resulted in the loss of water soluble vitamins. 

Pathirana et al. (2013) elucidated antioxidant activity of vitamin C due to its 

potential to interact enzymatically and non-enzymatically with reactive oxygen radical. 

In the study, vitamin C content in avocado fruits treated with 1-MCP and stored in low 

O2 conditions declined during storage with higher values observed in treated samples 

than control. As an antioxidant compound, vitamin C might be synthesised as an 

oxidative stress response at low-temperature storage (Galani et al., 2017). Rana and 

Siddiqui (2018) mentioned that the decrease in vitamin C during storage was due to the 

oxidation of ascorbic acid by ascorbic acid oxidase enzyme and the higher retention of 

ascorbic acid in individual wrapped fruits of guava was observed up to 8 days of 

storage. 

5.2.2.6. Total phenols 

Total phenolic compounds increased in avocado fruits during 3 weeks of storage 

period (Fig.8b.), which might be due to the increase in oxidative reactions and 

subsequent increase in antioxidant potential phenolic compounds. Initial total phenol 

content was 36.50 mg/100g which increased significantly to 65.00 mg/100g in calcium 

chloride pre-treated fruits under ambient condition (T4) after 1 week of storage and 

further to 70.00 and 85.83 mg/100g after 2 and 3 weeks, respectively in calcium 

chloride pre-treated, shrink packaged fruits under refrigeration at 4-7 ºC (T8). 
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Vieites et al. (2012) reported an increase in total phenolic content of avocado 

cv. 'Fuerte' until 9 days in both ambient (56 μg GAE.100g
-1
) and refrigerated (47.5 μg 

GAE.100g
-1

) storage conditions and further decrease was the result of the loss of fruit 

mass and concentrating of molecules associated with senescence. Rana and Siddiqui 

(2018) observed higher phenolic content in individual shrink wrapped guava fruits 

compared to the control by 8 days of storage due the retention of phenols in the fruits 

during storage by delaying the ripening and reducing PPO activity which might oxidise 

phenols. 

5.2.2.7. Total fat 

Initial total fat content of 1.90 % increased after one week of storage in all the 

treatments except calcium chloride pre-treated, shrink packaged fruits under ambient 

storage (T7) and in cool chamber (T9), and decreased towards the end of storage 

(Fig.8b.). Throughout the storage, significantly highest total fat content was observed 

in calcium chloride pre-treated fruits stored in cool chamber (T6). Initial increase in fat 

content might be due to the osmotic effect of calcium chloride which resulted in the 

leach out of water molecules from the sample and subsequent increase in lipid 

component of avocado fruit tissues. The gradual increase in 

oxidative deterioration of lipid component might result in the decrease of total fat in 

avocado towards the end of storage. 

The increase in total lipid component in avocado is associated with the decrease in 

water content (Eaks, 1990). Castaneda-Saucedo et al. (2014) reported average fat 

content of avocado fruit in wet basis as 19.96 g/100g with 20.06 g/100g in irrigated 

crops and 19.85 g/100g in rainfed crop. Liu et al. (2019) reported that the storage 

temperature and time affected the fatty acid content in peanut by the oxidative 

hydrogenation of free fatty acids and subsequent decrease in polyunsaturated fatty 

acids. 

5.3. Effect of food additives on quality of frozen avocado during storage 

 
5.3.1. Total Soluble Solids 

 
Total soluble solids increased up to one month of storage and thereafter, 

decreased throughout the remaining storage period which might be due to the osmotic 

potential of sucrose solution. Fruit slices pre-treated with 40 % sucrose added with 

potassium metabisulphite (T7) (26.00 ºBrix), potassium sorbate (T9) (23.93 ºBrix) and 
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Fig. 8b. Effect of shrink packaging and storage temperature on biochemical parameters of 

avocado during storage 
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sodium benzoate (T8) (22.60 ºBrix) had the significantly highest TSS during 1, 2, and 

3 months after storage, respectively, which might be due to the higher concentration of 

sucrose (Fig.9a.). 

Khan et al. (2014) reported increase in total soluble solids in strawberry treated 

with sucrose solution at 30 and 40 ºBrix along with preservatives sodium benzoate and 

potassium sorbate at 0.05 % concentration during 3 months storage at ambient 

temperature. Brochier et al. (2019) reported higher gain in the soluble solids of Kiwi 

fruit pieces treated in sucrose solution with higher osmotic concentration at 65 ºBrix. 

Inversion of polysaccharides and added sucrose into simpler soluble substances during 

storage might increase total soluble solids (Smitha and Sreeramu, 2019). 

5.3.2. Titratable acidity 

 
Titratable acidity decreased during storage with proportionate increase in the 

concentration of sucrose. Significantly lower titratable acidity was noticed in avocado 

fruit slices pre-treated with 40 % sucrose and potassium sorbate (T9) after 2 (0.26 %) 

and 3 (0.19 %) months of storage, respectively (Fig.9a.). 

Higher acidity would lower consumer acceptability of avocado fruit (Knapp, 

1965). Presence of acidulants enhanced chemical and microbiological stability of the 

processed avocado products (Pauker et al., 1992). Khan et al. (2014) reported increase 

in titratable acidity in strawberry treated with sucrose solution at 30 and 40 ºBrix along 

with preservatives sodium benzoate and potassium sorbate at 0.05 % concentration 

during 3 months storage at ambient temperature and the highest percent increase was 

observed in untreated fruits. Nardos and Wakgari (2016) mentioned that higher 

concentration of sucrose and storage under low temperature resulted in increased sugar 

content and decreased titratable acidity in avocado fruits slices. 

5.3.3. Total protein 

 
Total protein decreased during storage, followed by an increase towards the end 

of storage and significantly higher values (0.857, 0.782 and 1.43g/100g) were found in 

fruit slices pre-treated with 40 % sucrose and KMS (T7) throughout the storage 

(Fig.9a.). The increase in proteolytic enzyme reactions and hydrolytic degradation of 

proteins in the fruit samples might result in the decrease of total proteins during storage. 
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Reduction in total protein content of fruit slices might be due to utilisation of 

proteins for metabolic activities. Heat shock proteins protect and retain other proteins 

and enzyme systems during heat treatment or cold storage (Hofman et al., 2002). 

Blakey et al. (2012) reported that ripening process in avocado resulted in the increase 

of protein. Sikora et al. (2013) mentioned that changes in protein of fruits under frozen 

storage conditions were non-significant in blackthorn fruits. Liu et al. (2019) mentioned 

that protein in the peanuts oxidised and decomposed into amino acids during storage. 

5.3.4. Vitamin C 

 
Vitamin C content increased in the initial phase of storage and decreased 

towards the end of storage (Fig.9a). Initial increase in vitamin C might be due to the 

pre-treatment of fruit slices with ascorbic acid and the stress response during freezing 

might result in the biosynthesis of vitamin C because of its antioxidant potential. 40 % 

sucrose and KMS (T7) and sodium benzoate (T8) had significantly higher vitamin C 

content after one and two months of storage, which might be due to the lower rate of 

biochemical reactions in the fruits slices and oxidative degradation of ascorbic acid into 

dehydroascorbic acid. 

De Ancos et al. (2000) reported that freezing slightly increased vitamin C since 

damage to the fruit caused by the freezing process released vitamin C in raspberries. 

Khan et al. (2014) reported decrease in ascorbic acid of strawberry fruits treated with 

sucrose solution at 30 and 40 ºBrix along with preservatives sodium benzoate and 

potassium sorbate at 0.05 % concentration during 3 months storage at ambient 

temperature. Giannakourou et al. (2020) mentioned that osmodehydrofreezing process 

with a mixture of sucrose/glucose/fructose signi※cantly decreased vitamin C owing to 

a mild leakage of water-soluble compounds out of the cell tissue. 

5.3.5. Total phenols 

 
Total phenols increased up to two months of storage followed by a decrease 

towards the end of storage after three months (Fig.9a.). Significantly higher values were 

observed in fruit slices pre-treated with 30 % sucrose and KMS (T4) (96.67 mg/100g) 

and 30 % sucrose and potassium sorbate, (T6) (98.30 mg/100g) after 1 and 2 months of 

storage, respectively, which indicates the antioxidant potential of the sample. Lower 

total phenolic content was observed in fruit slices treated with 40 % sucrose and KMS 

(T7) after 1 month of storage and 20 % (T3) and 40 % sucrose (T9) with potassium 
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sorbate after 2 months of storage. Lower phenolic content in the fruit slices associated 

with the lower rate of browning of the fruit tissue during storage. 

Initial increase in total phenol content in avocado fruit slices might be due to 

the rupture of fruit tissue, which resulted in the release of polyphenols during 

preparation of frozen avocado slices. Chaovanalikit and Wrolstad (2004) mentioned 

that some reduction might occur in phenolic content due to the reduction in enzymatic 

activity of polyphenol oxidase. Nowacka et al. (2019) reported that osmodehydration 

in sucrose solution for about 72 hours led to decrease of phenolic compounds. 

5.3.6. Total carbohydrate 

 
Total carbohydrate in frozen avocado slices decreased during storage except an 

increase after two months of storage (Fig.9a.). Fruit slices pre-treated with 40 % sucrose 

and KMS had significantly higher total carbohydrate with an increase to 10.17 g/100g 

after one month and 40 % sucrose added with KMS, sodium benzoate and potassium 

sorbate had significantly higher total carbohydrate after two months of storage, might 

be due to the higher concentration of sucrose in the samples. 

An initial increase in carbohydrate might occur as the result of intake of solids 

and release of water from fruit samples that were stored in osmotic solution (Sikora et 

al., 2013). Decrease in total carbohydrate during storage might be due to the conversion 

of complex starch or carbohydrates into simple compound due to the biochemical and 

metabolic reactions (Yahia, 2019). 

5.3.7. Total fat 

 
Total fat content increased after one month of storage and thereafter, decreased 

towards the end of storage period. Frozen slices pre-treated with 20 % sucrose and KMS 

(T1) and 30 % sucrose and potassium sorbate (T6) had the significantly lower and higher 

fat content during storage, respectively (Fig.9b.). 

Initial increase in fat content might be due to the leaching out of water from the 

sample immersed in osmotic solution and subsequent increase in fat content in the fruit 

tissues. Further decrease of fat content during storage might be due to the oxidative 

deterioration of lipid component in the fruit tissues. It was confirmed in the findings of 

Mepba et al. (2008) in avocado paste. The cessation in the amount of accumulated 
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sugars and TSS can be correlated with the accumulation of oil in fruits during 

postharvest storage (Liu et al., 1999) and hence vice versa. 

5.3.8. Peroxide value 

 
The lowest peroxide value was observed in frozen fruit slices pre-treated with 

40 % sucrose and KMS (T7) throughout the storage, which indicated the reduction in 

oxidation and subsequent rancidity and retention of flavour. Significantly lower 

peroxide values were obtained in all the samples preserved with potassium 

metabisulphite (Fig.9b.). 

The activity of peroxidase enzyme decreased with the maturation of the fruit 

and increased with temperature and time during storage (Murasaki, 2009). Cano et al. 

(1998) reported that freezing does not diminished peroxidase activity but increased its 

solubility which resulted in the development of off-flavours in frozen papaya slices. 

Donadon et al. (2012) reported an increase in the POD value in Hass avocado fruit 

under ambient storage from 0.652 to 3.916 µmoles of H2 O2 g
-1

 min
-1

 within 18 days of 

storage indicated higher oxidation of phenolic compounds while at 2 ºC, it remained 

unchanged. 

5.3.9. Polyphenol oxidase activity 

 
Polyphenol oxidases act as catalysts for the reaction forming quinones which 

condensed in brown or reddish-brown colour. Polyphenol oxidase activity increased 

during storage due to the increased enzymatic reactions and subsequent browning in 

the samples and significantly lower values were observed in fruit slices pre-treated with 

higher concentration of sucrose (Fig.9b.). 

Polyphenol oxidase activity in avocado fruit can be reduced from 100 to 20 % 

by decreasing the pH from 4.8 to 3.5 but the reduction in pH below 4.5 decrease the 

acceptability of the produce (Knapp, 1965). With a residual PPO activity less than 45 

% and storage at 5 ºC maintained an acceptable colour in hydrostatic pressure treated 

avocado puree for at least 60 days (Lopez-Malo et al., 1998). 

Donadon et al. (2012) reported that PPO activity remained unchanged as 0.871 

µmoles mg
-1

min
-1

 in 'Hass' avocado fruits stored at 2 ºC but increased to 1.81 µmoles 

mg
-1

min
-1

 under ambient condition after 9 days of storage which is related to the 

oxidative browning. 
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Fig.9a. Effect of food additives on biochemical qualities of frozen avocado during storage 
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5.3.10. Water activity 

 
Water activity of the frozen avocado slices decreased after one month of 

storage, might be due to the osmotic effect on the fruit slices and thereafter it increased 

towards the end of storage. Throughout the storage, lower water activity was noticed in 

fruit slices pre-treated with 40 % sucrose and KMS (T7) (Fig.9b.). 

In sucrose solution, water flowed out from the product to the solution and solute 

transferred from the solution to the product, which might contribute to the initial 

decrease in water activity (Shehzad et al., 2016; Brochier et al., 2019). As the product 

deteriorated, moisture content increased and thereby water activity also increased. 

5.3.11. Microbial population 

 
Bacterial population was not detected in fruit slices pre-treated with 40 % 

sucrose added with KMS (T7) and sodium benzoate (T8) throughout the storage. Yeast 

population was absent in fruit slices pre-treated with 40 % sucrose and sodium benzoate 

(T8) and lower fungal population was noticed in fruit slices pre-treated with 40 % 

sucrose and potassium sorbate (T9) during three months of storage. 

Frozen fruits are generally considered safe, with reduced water activity and 

microbial growth and thereby reduced the spoilage caused by microbial activity (De 

Ancos et al., 2000). The use of antioxidants such as ascorbic acid ensured microbial 

safety by decreasing the pH on cut fruit surface of avocado (Bower and Dennison, 

2003). Dawson et al. (2020) mentioned 

that freezing transferred liquid water into ice, which reduced microbial, enzymatic 

and lipid oxidative reactions in the samples. 

5.3.12. Organoleptic evaluation 

 
After one month of storage, higher organoleptic scores for attributes such as 

appearance, colour, odour, flavour and after taste were observed in fruit slices pre- 

treated with 40 % sucrose and potassium sorbate (T9) and during two and three months, 

fruit slices pre-treated with 40 % sucrose added with KMS (T7) had higher organoleptic 

scores for all sensory attributes (Fig.10.). 

Bower and Dennison (2005) reported that frozen cut and ready to eat avocado 

portions maintained good appearance for about 6 months with some discernible 
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problems such as fruit browning and loss of texture. Khan et al. (2014) reported 

decrease in organoleptic qualities such as colour, texture, flavour and overall 

acceptability in strawberry fruits treated with sucrose solution at 30 and 40 ºBrix along 

with preservatives sodium benzoate and potassium sorbate at 0.05 % or 0.1 % 

concentration during 3 months storage at ambient temperature. Change in texture might 

be due to cell rupture or conversion of starch to simple sugar. Giannakourou et al. 

(2020) mentioned that the osmodehydration prior to freezing could reduce the structural 

collapse of frozen foods. 

5.3.13. Cost of production 

 
The total cost for the preparation of one kilogram frozen avocado fruit slices 

pre-treated with 40 % sucrose, 0.5 % ascorbic acid and 0.1 % KMS (T7) and packed in 

200 gauge LDPE pouches was about Rs. 450.23/-. 

Freezing had more energy consumption than other conventional preservation 

methods, but it required only short processing time and ensured better product quality 

and thus overall cost for freezing can be kept lower than any other food preservation 

method (Barbosa-Canovas et al., 2005) Osmotic pretreatments had substantial effect in 

saving cost of energy due to the energy efficiency in freezing as well as in drying and 

by ensuring product quality during processing and storage (Tortoe, 2010). 

5.4. Effect of food additives on quality of avocado pulp and avocado fruit powder 

5.4.1. Process standardization for preparation and storage of avocado pulp 

5.4.1.1. Pulp yield 

Average pulp yield from avocado fruits obtained in the present study was about 71.42 

%. Avocado fruit of “Hass” variety from Mexico was reported with an average pulp 

yield of about 79.23 % (Salvador-Reyes and Paucar-Menacho, 2019) and Castaneda- 

Saucedo et al. (2014) reported 71.39 % avocado pulp yield and Mujaffar and Dipnarine, 

(2020) reported 71.20 %. 

5.4.1.2. Total Soluble Solids 

Total soluble solids of avocado fruit pulp decreased during storage with a 

highest value in fruit pulp pre-treated with citric acid and sodium benzoate packed in 

LDPE bags and stored in refrigerated temperature (T6) (7.60 ºBrix) 1 month after 

storage. Presence of acidulants and the gradual loss of soluble solids by degradation of 

fruit pulp during storage might result in the decrease of TSS (Fig.11a.). 
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Fig. 10. Effect of food additives organoleptic scores of frozen avocado slices during storage 
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Bishnoi et al. (2016) reported that sodium benzoate at 500 ppm was effective in 

maintaining TSS of strawberry fruit pulp at low temperature storage (7±2 ºC). It was 

mentioned that the low TSS content might be due to the slow rate of conversion of cell 

wall constituents into soluble sugars at low temperature. Minh et al. (2019) reported an 

increase in brix from 5.07 to 7.26 throughout the storage up to one month and decreased 

thereafter. 

5.4.1.3. Titratable acidity 

Titratable acidity decreased towards the end of storage in ascorbic acid treated 

pulp. After one month of storage titratable acidity increased in all the treatments except 

T4 (fruit pulp treated with citric acid and KMS packed in glass jars and stored in 

refrigerated temperature) and it had significantly lower value. Increase in acidity might 

be due to the formation organic acids during storage and also contributed by the 

acidulants present in the fruit pulp (Fig.11a.). 

Zhou et al. (2002) mentioned that the acidity of avocado pulp indicated the 

degree of oxidation and rancidity of the sample during storage. Salvador-Reyes and 

Paucar-Menacho (2019) reported acidity of avocado pulp on initial day of storage at 

0.46 to 0.51 % which increased during storage and lower values for acidity were 

observed in samples subjected to low temperature for longer period of time than those 

to high temperature. 

5.4.1.4. Total protein 

Total protein content of avocado pulp increased one month after storage and it 

decreased towards the end of storage. Significantly higher protein content was observed 

in T12 (fruit pulp treated with ascorbic acid and KMS packed in glass jars and stored in 

refrigerated temperature) after 1 and 2 months of storage. The synergetic action of 

ascorbic acid and KMS along with protective storage condition of the treatment might 

prevent the enzymatic and hydrolytic deterioration of protein in the fruit pulp (Fig.11a.). 

Owusu (2012) reported crude protein content of 1.72 g in fresh avocado fruit 

while it was 1.39 g in spread. Castaneda-Saucedo et al. (2014) reported non-significant 

difference in the total protein content of non-freeze dried avocado fruit pulp grown 

under rainfed condition with 5.96 g/100g while under irrigated crop it was about 6.25 

g/100g in dry basis. The protein content in avocado pulp grown in rainfed and irrigated 

conditions were reported as an average of 1.52 and1.49 g/100g in wet basis, 

respectively (Castaneda-Saucedo et al., 2014). 
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5.4.1.5. Vitamin C 

Vitamin C content in avocado fruit pulp increased after one month of storage 

and decreased towards the end of storage and it remained non-significant among the 

treatment throughout the storage. The decrease in vitamin C might be due to the 

oxidation of ascorbic acid into dehydroascorbic acid (Fig.11a.). 

Vitamin C contents of processed avocado pastes treated with ascorbyl palmitate 

and propyl gallate ranged from 20.6-22.8 mg/100g, which increased significantly with 

increase of ascorbyl palmitate concentrations (Mepba et al. 2008). 

5.4.1.6. Total phenols 

Significantly higher total phenol content was noticed in fruit pulp treated with 

ascorbic acid and KMS packed in glass jars and stored in refrigerated temperature (T12) 

after 2 months of storage. Total phenols in fruit pulp increased one and three months 

after storage and decreased two months after storage. The initial increase might indicate 

the antioxidant potential of ascorbic acid and citric acid while at the end of storage 

phenolic compounds might release to prevent the oxidative deterioration (Fig.11a.). 

Daiuto et al. (2011) mentioned that phenolic compounds in fruits were 

responsible for the antioxidant potential. Pathirana (2013) opined that the higher 

antioxidant activity in avocado pulp indicated higher phenolic compounds which 

increased under ambient storage and decreased in cold storage. 

Wang et al. (2012) reported that the harvest period of avocado had significant 

effect in the total phenols content during storage which increased during storage up to 

35 days in fruits harvested from January to March while in fruits harvested during April 

to June, total phenols increased up to 21 days and decreased thereafter. Arampath and 

Dekker (2019) reported that polyphenol compounds released during pulping by the 

disruption of cellular matrix in the fruit. 

5.4.1.7. Total carbohydrates 

Total carbohydrate content increased after one month of storage and decreased 

afterwards. Significantly higher value of total carbohydrate was seen in T4 (fruit pulp 

pre-treated with citric acid and KMS packed in glass jars and stored in refrigerated 

temperature) and T12 (fruit pulp pre-treated with ascorbic acid and KMS packed in glass 

jars and stored in refrigerated temperature) after 2 months of storage (Fig.11a.). 

Owusu (2012) mentioned that avocado fruit spread (20.12 g) was rich in 

carbohydrate than the fresh fruit (5.34 g) with the incorporation of sugar and gum. 
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Mooz et al. (2012) reported total carbohydrate content in the range of 7.30 to 

11.54 g.100 g
–1

 in different varieties of avocado fruit pulp. 

5.4.1.8. Total fat 

Total fat content increased during storage and higher values were observed in 

fruit pulp pre-treated with ascorbic acid and KMS packed in LDPE bags and stored in 

refrigerated temperature (T10) and fruit pulp per-treated with ascorbic acid and sodium 

benzoate packed in LDPE bags and stored in refrigerated temperature (T14) after 1 and 

2 months of storage, respectively (Fig.11b.). 

Owusu (2012) reported that the fat content in avocado fruit spread (10.08g) was 

significantly lower than that in fresh fruit (15.83g). Castaneda-Saucedo et al. (2014) 

reported about 68.78 and 71.39 g/100g total fat content in non-freeze dried avocado 

pulp in rainfed and irrigated conditions, respectively without any significant difference. 

5.4.1.9. Polyphenol oxidase activity 

Polyphenol oxidase activity increased during storage which indicated the 

increase of enzymatic browning in fruit pulp. Significantly lower polyphenol oxidase 

activity was observed in fruit pulp pre-treated with citric acid and sodium benzoate 

packed in LDPE bags and stored in refrigerated temperature (T6) and also in all the pulp 

pre-treated with ascorbic acid after one month of storage. This might be due to the 

higher antioxidant activity of ascorbic acid to reduce the enzymatic browning of fruit 

pulp. After two months of storage, lower PPO activity noticed in fruit pulp pre-treated 

with ascorbic acid and sodium benzoate packed in LDPE bags and stored in refrigerated 

temperature (T14) (Fig.11b.). 

Siriphanich and Kader (1985) reported that in lettuce low O2 and high CO2 

concentrations in Modified Atmosphere Packaging (MAP) inhibited polyphenol 

oxidase activity and thereby reduced browning. Cenobio-Galindo et al. (2019) reported 

higher PPO activity in control (0.29) and 50 % (0.21) and 25 % (0.24) nanoemulsion 

treated avocado fruit which increased to 0.33, 0.26 and 0.26 % respectively during 

storage. 

Vieites et al. (2012) observed a decrease in PPO activity of avocado cv. 'Fuerte' 

with higher values under room temperature storage than refrigeration which was due to 

the influence of species characteristics, cultivating conditions and the stage of 

maturation, regardless of temperature. Bi et al. (2015) mentioned that disruption of cell 

wall of fruit by extraction and homogenisation decreased the particle size which 

facilitated phenolic compound degradation and higher PPO activity, consequently. 

142 



 

5.4.1.10. Peroxide value 

Peroxide value of avocado fruit pulp increased during storage and lowest value 

was observed in fruit pulp pre-treated with citric acid and KMS packed in glass jars and 

stored in refrigerated temperature (T4) after one month of storage (Fig.11b.). 

Peroxide value indicated the level of autoxidation, the oxidative degradation of 

fatty acids which was slow at low temperature and can be hastened by heating. 

Autoxidation of unsaturated fatty acids forms hydroperoxides and further decompose 

to form aldehydes, ketones, esters and carboxylic acids, result in rancidity and develop 

off-flavour and unpleasant taste in fruit pulp. 

According to Codex Alimentarius (1993) food grade and fresh oils have a 

peroxide values less than 10 meq O2/kg and the rancidity was 20-40 meq O2/kg. Owusu 

(2012) reported that as the storage period increased, peroxide value also increased 

which was in a slower pace in refrigerated samples than those in ambient storage. 

Chaiyasut et al. (2019) reported that the peroxide value of manually and mechanically 

extracted oils of avocado was 7.96 and 8.03 meq O2/kg, respectively which increased 

after 90 days of storage in transparent glass bottles. 

5.4.1.11. Water activity 

Water activity increased up to one month of storage and thereafter it remained 

without much variation. Lower water activity was seen in fruit pulp pre-treated with 

citric acid and KMS, packed in LDPE bags and stored in ambient temperature (T2) and 

fruit pulp pre-treated with ascorbic acid and KMS, packed in LDPE bags and stored in 

refrigerated temperature (T10) after one month of storage. Lowest water activity may 

ensure the longer storage life of samples especially by reducing the microbial infection 

and biochemical reactions (Fig.11b.). 

Iturriaga et al. (2002) reported water activity of 0.980 and 0.990 in avocado 

pulp and processed guacamole, respectively which is consistent with the present study. 

Cortes-Rodríguez et al. (2019) reported water activity of 0.971 in avocado pulp added 

with additives such as antioxidants (vitamin C and tocopherol) and preservatives 

(potassium sorbate and sodium benzoate), used for the preparation of guacamole. 

Nayaka et al. (2020) reported water activity of avocado fruit pulp as 0.691. 

5.4.1.12. Viscosity 

Viscosity decreased during storage which might relate with the rise in water 

activity and loss of consistency of the fruit pulp. Significantly higher viscosity was 

observed in fruit pulp pre-treated with ascorbic acid and sodium benzoate, packed in 
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LDPE bags and stored in refrigerated temperature (T14) after 1 and 2 months of storage, 

respectively (Fig.11b.). 

Kassim and Workneh (2020) mentioned that the decrease in elasticity of the 

ripen fruit resulted in the increase in viscosity of fruit pulp. Bi et al. (2015) reported 

that increase in viscosity was due to the decrease in particle size and increase in puree 

to water ratio. Ikhuoria and Maliki (2007) observed that lower viscosity indicated 

increase in unsaturation which contributed to the important attribute of preventing the 

dryness of skin. Cortes-Rodríguez et al. (2019) mentioned that rheological property 

indicated the food quality influencing consumer acceptance and the release of flavours, 

and in guacamole viscosity was reported in the range of 1773.3 to 10776.7 cP. 

5.4.1.13. Microbial load 

Microbial population was very less up to one month of storage and it increased 

towards second and third months after storage. After two months of storage, fungal 

population was absent in T12 (fruit pulp pre-treated with ascorbic acid and KMS packed 

in glass jars and stored in refrigerated temperature) and T16 (fruit pulp pre-treated with 

ascorbic acid and sodium benzoate packed in glass jars and stored in refrigerated 

temperature), bacterial and yeast population was nil in T2 (fruit pulp pretreated with 

citric acid and KMS, packed in LDPE bags and stored in ambient temperature) and T16 

(fruit pulp pre-treated with ascorbic acid and sodium benzoate packed in glass jars and 

stored in refrigerated temperature). The lowest microbial count of bacteria, yeast and 

fungi were observed in T16 (fruit pulp pre-treated with ascorbic acid and sodium 

benzoate packed in glass jars and stored in refrigerated temperature) up to two months 

and in T10 (fruit pulp pre-treated with ascorbic acid and KMS, packed in LDPE bags 

and stored in refrigerated temperature) after three months of storage. 

Pauker et al. (1992) mentioned that acidulants ensured chemical and 

microbiological stability of frozen avocado salad base, in which bacterial quality was 

major concern because of the consumption of nonsterile and uncooked product. Owusu 

(2012) reported a steady increase in the microbial population to a peak and declined to 

the end of storage which occurred slowly in refrigerated samples than those under 

ambient storage. In samples under ambient storage, the peak was observed at 34.2 

cfu/mL microbial population with a shelf life of 37.49 days and in refrigeration it was 

observed with a microbial population of 20.52 cfu/mL, having 47.50 days of shelf life. 

Kassim and Workneh (2020) noticed conducive environment for mould development 

in fruits within the package and stored under ambient condition. 
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5.4.1.14. Organoleptic evaluation 

Organoleptic quality of the fruit pulp decreased during storage due to rancidity 

and enzymatic browning. After one month of storage, higher total scores were recorded 

in colour and appearance and after two months of storage, it was for texture followed 

by colour and appearance. At the beginning of storage, organoleptic scores for all the 

sensory attributes not varied among the treatments except the lower values of after taste 

in fruit pulp pre-treated with citric acid. During the storage period, higher scores for 

most of the sensory attributes were observed in T10 (fruit pulp pre-treated with ascorbic 

acid and KMS packed in LDPE bags and stored in refrigerated temperature) and T12 

(fruit pulp pre-treated with ascorbic acid and KMS packed in glass jars and stored in 

refrigerated temperature). 

After three months of storage, among treatments such as T4 (fruit pulp pre- 

treated with citric acid and KMS packed in glass jars and stored in refrigerated 

temperature), T10 (fruit pulp pre-treated with ascorbic acid and KMS packed in LDPE 

bags and stored in refrigerated temperature) and T12 (fruit pulp pre-treated with ascorbic 

acid and KMS packed in glass jars and stored in refrigerated temperature), higher total 

scores were recorded for appearance and colour (Fig.12.). 

Pathirana et al. (2013) reported that during postharvest storage avocado fruit 

pulp was highly sensitive to oxidative process, mainly autoxidation which resulted in 

the development of carbonyl compounds responsible for undesirable flavours and 

degradation of quality. 

Thermal treatments modified naturally soft and spreadable avocado pulp into a 

lumpy and slightly watery paste and resulted in bitter tastes and unpleasant odours, 

causing lower scores by consumers which were mainly due to oxidation of lipids 

(Salvador-Reyes and Paucar-Menacho, 2019). 

5.4.1.15. Cost of production 

 
The cost required for the preparation and storage of 1 kg avocado pulp added 

with 0.5 % ascorbic acid, 0.1 % KMS, packed in LDPE pouches or glass jars stored in 

refrigeration for one month was about Rs. 339.98/-. 

Meera (2019) calculated the cost for 1 kg avocado fruit spread added with KMS, 

citric acid and sugar as Rs.550.00. According to Niir Project Consultancy Services 

(NPCS), cost of production for one litre pulpy fruit drinks such as mango, orange and 
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Fig. 12. Effect of food additives on organoleptic scores of avocado pulp during 

storage 
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pineapple juice was reported as Rs. 134.83. Pokharkar et al. (2017) reported the 

processing cost of one litre mango drink with a purchase rate of Rs 40 per one kilogram 

of mango was Rs. 54.20. 

5.4.2. Optimization of process conditions for preparation of avocado fruit powder 

In the present study, freeze dried powder yield of avocado fruit pulp was 38.57 

%. Garcia et al. (2008) reported that the amount of freeze dried avocado powder was 

about 30 to 35 % relative to the mass of avocado pulp applied. According to the report 

of Mujaffar and Dipnarine (2020), the yield of dried pulp from fresh pulp was about 

17.10 % for freeze-dried avocado samples. 

5.4.2.1. Bulk density 

Bulk density increased after one month of storage and decreased towards the 

end of storage, which might occur due to the increase in moisture content with the end 

of storage and subsequent aggregation of powder. Higher bulk density was observed in 

samples with increased concentration of high molecular weight additives like 

maltodextrin due to its bulking properties and the potential to reduce moisture 

absorption of the powder (Fig.13). 

Dantas et al. (2018) reported bulk density of spray dried avocado fruit powder 

in the range of 0.377 to 0.511 g/cm
3
. Avocado powder with high fat content on the 

surface, resulted in adherence of the particles together or agglomerate and decreased 

bulk density. Bulk density of freeze dried instant green smoothie powder and freeze 

dried pumpkin powder were 0.47±0.0424 g/mL (Dilrukshi and Senarath, 2020) and 

0.113±0.0006 g/mL (Caliskan and Dirim, 2015), respectively. The mean value of bulk 

density of vacuum dried mango powder added with maltodextrin and tricalcium 

phosphate was 537.2 kg.m
-3

 (Jaya et al., 2006). Mujaffar and Dipnarine (2020) reported 

a lower bulk density of 0.16 g/mL in freeze dried avocado powder, which required more 

volume to occupy, than oven-dried. Chauhan and Singh (2020) reported bulk density 

of 0.492 ±0.14 g/cm
3
 in freeze dried butter fruit milk shake powder contained avocado 

pulp, pasteurized toned milk, sugar and maltodextrin. 

5.4.2.2. Solubility 

Solubility of freeze dried avocado powder decreased gradually towards the end 

of storage and significantly higher solubility was observed in freeze dried fruit powder 

pre-treated with 4 and 5 % maltodextrin after two months of storage. Crystalline nature 

of the maltodextrin might enhance the solubility of fruit powder. After three months of 
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storage, significantly higher solubility was noticed in freeze dried fruit powder pre- 

treated with 3 % maltodextrin, packed in glass jars and stored in low temperature (T8) 

(Fig.13.). 

Marulanda et al. (2018) reported solubility per cent in the range of 39.90 to 

86.80 % in spray dried avocado powder which decreased with the increase in 

concentration of maltodextrin. It was elucidated that the higher concentration of 

maltodextrin increased the particle size and cohesiveness of aggregating particle which 

indicated the diffusion of water into the particles. Cortes-Rodríguez et al. (2019) 

reported solubility of 71.20 % in freeze dried avocado powder. Mujaffar and Dipnarine, 

(2020) reported that freeze dried avocado powder was insoluble with a water solubility 

of 11.4 ± 3.9 % in which the addition of water resulted in the formation of thick paste. 

Adetoro et al. (2020) reported that crystalline nature of the powder added with 

maltodextrin provided higher solubility of 96.50 %. 

5.4.2.3. Hygroscopicity 

Hygroscopicity increased during storage and it decreased with the increase in 

concentration of maltodextrin which might be due to the anticaking property of the 

maltodextrin which reduced the moisture absorption of fruit powder. Significantly 

lower values were observed in T16 (fruit pulp pre-treated with 5 % maltodextrin packed 

in glass jars and stored in refrigerated temperature) after 1 and 2 months of storage and 

in T14 (fruit pulp pre-treated with 5 % maltodextrin packed in LDPE bags and stored in 

refrigerated temperature) after 3 months of storage (Fig.13.). 

Hygroscopicity of vacuum dried mango powder added with maltodextrin (1.61 

g) was 1.8 times effective than that of tricalcium phosphate (0.89 g) and it was observed 

that the hygroscopicity increased with decreasing amount of maltodextrin and 

tricalcium phosphate. Average hygroscopicity of vacuum dried mango powder added 

with maltodextrin and tricalcium phosphate was 6.4 % (in the range of 5.3 to 10.3 %) 

(Jaya et al., 2006). 

Marulanda et al. (2018) reported 10 % hygroscopicity in spray dried avocado 

powder which decreased with the increase of drying additives such as maltodextrin in 

the formulation. It was observed that solubility decreased with exposure to temperature 

by the low affinity for water due to the interactions between fat and maltodextrin. 

Stępien et al. (2020) mentioned that to reduce the hygroscopicity of food powders, 

high molecular weight biopolymers and carrier agents like maltodextrin could be 

added which improved drying of plant materials. 
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5.4.2.4. Colour values (L, a, b) 

L value decreased towards the end of storage and increase in a* value during 

storage indicated the change in green colour of the powder to red colour. Colour value 

b* increased during storage, indicated the decrease in yellow colour of avocado powder. 

Higher L* values and lower a* and b* of the samples with higher maltodextrin content 

indicated the better appearance of freeze dried fruit powder (Fig.13.). 

Owusu (2012) reported that in avocado spread the yellowish-green colour faded 

slowly in refrigerated samples than those under ambient storage with the increase in 

storage days. It indicated the faster degradation of samples at high temperature with 

high oxygen availability than lower temperature. Illeperuma and Nikapitiya (2015) 

reported a reduction in L* value from 15.5 to 14.2 in avocado slices packaged in MAP 

with different thickness, stored at 8 ºC and 90±2 % RH for 10 days. 

Vieites et al. (2012) observed high luminosity in 'Fuerte' avocado pulp in the 

range of 80.8 to 88.8 which decreased during storage and negative a* values 

representing the predominance of green colour in the samples decreased under room 

temperature. While the b* value indicated the presence of yellow colour of fruit pulp, 

increased up to 9 days of storage under refrigeration and decreased up to sixth day under 

room temperature. Cenobio-Galindo et al. (2019) reported the brightness of avocado 

mesocarp decreased during storage and increase in a* indicated the loss of green colour 

and decrease in b* values associated with the loss of yellow colour. 

Water content in fresh avocado absorbed more light and became more yellow, 

which might result in higher b* value (42.0 ± 1.5) than avocado powder (27.6 ± 0.3). 

While the L* and a* of fresh avocado (75.5 and -5.9) were also higher than avocado 

powder (74.8 and -5.0) respectively (Cortes-Rodríguez et al., 2019). Mujaffar and 

Dipnarine (2020) reported L*, a* and b* values for freeze-dried avocado powder were 

82.96 ± 0.59, -14.32 ± 0.02 and 60.38 ± 0.29 respectively. Trujillo-Mayol et al. (2020) 

reported L*, a* and b* values of avocado fruit at different ripening stages according to 

the small, medium and large size fruits with respect to changes in size were in the range 

of 24.7 to 25.6, -0.1 to 0.2 and 0.9 to 4 respectively. Chauhan and Singh (2020) reported 

colour value of L*, a* and b* in freeze dried butter fruit milk shake powder as 

77.62±0.69, -2.22±0.57 and 19.63±0.17 respectively. 
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5.4.2.5. Total Soluble Solids 

TSS decreased after one and three months of storage and increased after two 

months of storage. Total soluble solids increased with the addition of higher 

concentration of maltodextrin, which is a soluble solid (Fig.14a.). 

Vieites et al. (2012) observed a peak in soluble solids content of 'Fuerte' 

avocado fruits on third and sixth days of storage under room temperature and on ninth 

day under refrigeration, indicated the use of soluble solids as substrate for energy 

transformation in respiratory metabolism during post harvest period. Cenobio-Galindo 

et al. (2019) reported that an increase in TSS of avocado fruits treated with 

nanoemulsion was observed during 60 days of storage, which was lower than fruits 

without treatment. Dilrukshi and Senarath (2020) reported that TSS of fresh smoothie 

powder added with maltodextrin and soluble fiber was 22.27 ºBrix and freeze drying 

reduced it to 12.33 ºBrix and it was mentioned that addition of maltodextrin would 

increase total soluble solids by decreasing the moisture content during freeze drying. 

5.4.2.6. Titratable acidity 

Titratable acidity varied without any significant difference among the 

treatments which increased after two months storage and decreased after one and three 

months of storage which might be due to the presence of maltodextrin which is a soluble 

solid (Fig.14a.). 

Mujaffar and Dipnarine (2020) observed decrease in the pH and corresponding 

increase in acidity of freeze dried avocado powder over 12 weeks of storage which 

might develop bitter taste in the powder. Chauhan and Singh et al. (2020) reported 

decrease in titratable acidity of freeze dried avocado powder with the addition of 

maltodextrin and Ceballos et al. (2012) obtained similar findings in freeze-dried 

soursop fruit pulp. 

5.4.2.7. Total protein 

Total protein decreased during storage which might be due to the gradual 

increase in proteolytic enzyme reactions and hydrolytic degradation of protein in the 

powder. Significantly higher values were observed in T8 (fruit pulp pre-treated with 3 

% maltodextrin packed in glass jars and stored in refrigerated temperature) and T12 (fruit 

pulp pre-treated with 4 % maltodextrin packed in glass jars and stored in ambient 

temperature) after 2 and 3 months of storage, respectively (Fig.14a.). 
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Fig.13. Effect of food additives on physical qualities of avocado powder during storage 
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Garcia et al. (2008) invented the method of obtaining avocado powder in freeze 

drier, reported protein content which varied from 4.50 to 7.69 % during the dehydration 

time of 10 hours. Dantas et al. (2018) observed loss of protein content in powdered 

avocado mixtures than the fresh sample; however maltodextrin with 23 % concentration 

prevented the loss of protein. Castaneda-Saucedo et al. (2014) reported non-significant 

difference in the total protein content of 6.30 and 6.25 g/100g in freeze dried avocado 

fruit pulp grown under rainfed and irrigated condition, respectively. 

5.4.2.8. Vitamin C 

Vitamin C content increased after one month of storage which might be due to 

the pretreatment with ascorbic acid and thereafter it decreased with increase in 

oxidative reactions. Significantly highest values were seen in T14 (fruit pulp pre-treated 

with 5 % maltodextrin packed in LDPE bags and stored in refrigerated temperature) 

after one month of storage and in T8 (fruit pulp pre-treated with 3 % maltodextrin 

packed in glass jars and stored in refrigerated temperature) after 3 months of storage. 

These results are additional contribution to the previous studies that reported the 

potential of maltodextrin in preserving bioactive compounds like vitamin C (Fig.14a.). 

In a study conducted by De Ancos et al. (2000) on raspberry, freezing process 

increased vitamin C content due to damage occurred to the fruit tissues caused by ice 

crystals formed during freezing and further release of vitamin C. Dantas et al. (2018) 

reported that maltodextrin with 23 % concentration had positive effect on preserving 

bioactive compounds like ascorbic acid. Dilrukshi and Senarath (2021) reported that 

slight reduction (12.50 %) of vitamin C in instant smoothie powder of avocado after 

freeze drying which might also be due to the processing operations, but it was lower 

than other drying methods. 

 
5.4.2.9. Total phenols 

Total phenolic content varied without any significant difference among the 

treatments and decreased in all the treatments except fruit pulp pre-treated with 2 % 

(T2) and 4% (T10) maltodextrin packed in LDPE bags and stored in refrigerated 

temperature after one month of storage and increased thereafter (Fig.14a.). 

Antioxidant property of phenolic compounds may attribute to the increase in its 

value with the end of storage at which fruit powder may undergo oxidative deterioration 

resulted in rancid, off flavour and discoloration. 
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Chaiyasut et al. (2019) reported that the total phenolic content of avocado oil 

differed non-significantly for 3 months of storage under different temperature (4, 30 

and 40 ºC) in clear and amber glass bottles. Phenols are major plant compounds having 

antioxidant capacity due to their redox properties and ability for absorbing and 

neutralizing free radicals and decomposing peroxides (Alissa et al., 2020). Chauhan 

and Singh (2020) reported total phenolic content of 416.2 ± 5.04 mg/100g in freeze 

dried butter fruit milk shake powder. 

5.4.2.10. Total carbohydrates 

Total carbohydrates increased after one month and decreased towards the end 

of storage except a rise observed in fruit pulp pre-treated with 2 % maltodextrin packed 

in LDPE bags (T2) and glass jars (T4) and 3 % maltodextrin packed in LDPE bags (T6), 

stored in refrigerated temperature. Significantly higher values were found in fruit pulp 

pre-treated with 5 % maltodextrin packed in LDPE bags (T14) and glass jars (T16) stored 

in refrigerated temperature, which may attribute to the higher content of maltodextrin, 

a polysaccharide (Fig.14a.). 

Garcia et al. (2008) invented the method of obtaining freeze dried avocado 

powder and reported carbohydrates content of 7 % at 2 h which increased to 15.4 % 

after 10 h and peak value of carbohydrates 20.13 % was observed after 5 h during the 

dehydration. Decrease in the carbohydrate content in avocado paste could occur due to 

the leaching of water soluble constituents during storage (Mepba et al., 2008). Chauhan 

and Singh (2020) reported total carbohydrate content of 33.16 % in freeze dried butter 

fruit milk shake powder. 

5.4.2.11. Total fat 

Total fat content in freeze dried avocado fruit powder decreased during storage 

and significantly higher values were observed in samples with 5% concentration of 

maltodextrin after one and two months of storage. Decrease in total fat content may 

attribute to the rapid oxidative deterioration of lipids (Fig.14b.). 

Castaneda-Saucedo et al. (2014) reported no difference in the total fat content 

of freeze dried and non-freeze dried avocado fruit pulp grown under rainfed condition 

(68.78 g/100g) while under irrigated crops it was about 71.34 and 71.39 g/100g, 

respectively. 

Garcia et al. (2008) invented the method of obtaining avocado powder in freeze 

drier, reported a reduction in fat content in freeze dried avocado fruit powder from 66.2 
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Fig.14a. Effect of food additives on biochemical qualities of avocado powder during storage 
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to 59.72 % during the dehydration time from 2 to 10 hours. Chauhan and Singh (2020) 

reported total fat content of 42.2±0.22 % in freeze dried butter fruit milk shake powder. 

5.4.2.12. Peroxide value 

Peroxide value increased during storage which indicated the oxidation and 

rancidity of fat with the end of storage and significantly lowest values were observed 

in fruit powder pre-treated with 4 and 5 % of maltodextrin after 2 and 3 months of 

storage (Fig.14b.). 

Best performance of peroxide activity was observed in samples with high 

maltodextrin composition which decreased the effect of temperature on increasing the 

oxidation of sample matrix (Marulanda et al., 2018). In the stability study of avocado 

oil, Chaiyasut et al. (2019) concluded that avocado oil remained relatively stable for 3 

months without any significant change in peroxide value under storage conditions of 

low temperature in the absence of light. 

5.4.2.13. Water activity 

Water activity increased gradually during storage and lower values were noticed 

in samples with higher concentration (5 %) of maltodextrin throughout the storage. Low 

hygroscopic nature of maltodextrin may contribute to the ability to reduce water activity 

in the powder (Fig.14b.). 

Water activity is an important quality attribute indicating the shelf stability as 

well as stability of the freeze dried product towards lipid oxidation, enzymatic browning 

and hydrolytic reactions. Dantas et al. (2018) reported water activity of spray dried 

avocado powder in the range of 0.28 to 0.42 within an acceptable range of biochemical 

and microbial stability. It was found that maltodextrin has no significant effect on water 

activity of avocado powder. Water activity of instant green smoothie powder (Dilrukshi 

and Senarath, 2020) and freeze-dried pumpkin powder (Dirim and Calıskan, 2012) were 

reported as 0.172 and 0.197, respectively. Cortes-Rodríguez et al. (2019) reported water 

activity of freeze dried avocado powder as 0.257. Mujaffar and Dipnarine (2020) 

reported an increase in the water activity of freeze dried avocado powder after 12 weeks 

of storage from 0.352 to 0.534. 

5.4.2.14. Microbial load 

In freeze dried avocado fruit powder, microbial population was nil up to one 

month of storage and after two and three months of storage, lower microbial count was 

noticed in samples with higher concentration of maltodextrin. In all the samples, yeast 

population was not observed during the storage. Lower microbial population in all the 
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treatments of freeze dried avocado powder may be due to the lower free water 

availability, which ensured longer storage life and safety under proper packaging and 

storage conditions. 

Even though the processing operations for freeze drying include peeling, 

cutting, blending or grinding contributed high risk of microbial growth, freeze drying 

had better microbial stability. It reduced the total plate count of yeast and mold from 

6.99 and 8.25 log CFU/mL to 5.99 and 1 log cfu/mL, in which the reduction was 

reported as 85.6 % and 100 % respectively (Dilrukshi and Senarath, 2020). 

5.4.2.15. Organoleptic evaluation 

Organoleptic qualities decreased in all the samples and T16 (fruit pulp pre- 

treated with 5 % maltodextrin packed in glass jars and stored in refrigerated 

temperature) had highest total scores throughout the storage. In all the samples, 

organoleptic attributes such as 

appearance, colour and texture obtained comparatively higher scores than those for 

odour, flavour, taste and after taste (Fig.15.). 

In fresh smoothie powder added with maltodextrin and soluble fiber, Dilrukshi 

and Senarath (2021) reported an actual likeness for odour, colour, appearance, and 

overall acceptability at the margin of 75 % likeness, while taste and texture obtained 

most acceptable level in which slightly bitter aftertaste and texture were improved by 

adding sugar or honey and thickening agent. Cortes-Rodríguez et al. (2019) reported 

loss of avocado flavour when the pulp was dried in microwaves and bitter tastes in 

spray dried avocado powder with antioxidants. 

5.4.2.16. Cost analysis 

 
Cost of production for the preparation and storage of 1 kg freeze dried avocado fruit 

powder was Rs. 1224.86 /-. 

By reducing the drying time and minimizing the damage of the product, freeze 

drying became cost effective, also it reduced the handling, transportation and storage 

cost (Sagar and Kumar, 2010). Pretreatments improved the final quality, reduced 

energy costs and minimized colour loss during freeze drying (Ciurzynska and Lenart, 

2011). In freeze drying, the high cost was attributed to high equipment cost, long drying 

period and high energy consumption (Mujaffar and Dipnarine, 2020). 
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Fig.14b. Effect of food additives on biochemical qualities of avocado powder during storage 
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Fig. 15. Effect of food additives on organoleptic scores of freeze dried avocado powder during storage 
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MAS: Months after storage 

A: Appearance C: Colour Te: Texture 

Ts: Total score 

F: Flavour Ta: Taste At: After taste O: Odour 

Oa: Overall acceptability 
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5.5. Preparation of instant fruit shake 

Avocado fruit powder shake with better sensorial acceptability was prepared at 

1:2:1:2 of avocado fruit powder, skimmed milk powder, sucrose and water. 

Reconstitution of nutritionally rich, organoleptically stable and wholesome 

blended powder has great scope due to the instant preparing and easy consuming 

readiness especially in highly perishable fruits like avocado. Dantas et al. (2018) 

developed avocado powder drink by reconstituting spray dried avocado pulp, milk and 

maltodextrin blend, maintaining nutritional and sensorial qualities without any 

browning. Shiby et al. (2021) prepared avocado milkshake powder by blending milk 

and pulp in 3:1 ratio along with either 10% sugar or maltodextrin at different 

concentration of 2, 6 and 12 % followed by spray drying. 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

SUMMARY 



 

6. SUMMARY 

 
The project titled „Post harvest characterisation and management of avocado 

(Persea americana Mill.)‟ was carried out in the Department of Post Harvest 

Technology during 2018-2021. The main objective of the study was to characterise the 

avocado accessions collected from various parts of Kerala and to evaluate the effect of 

different preservation methods in the post harvest management of avocado. 

In the first experiment on characterisation of avocado genotypes, fourteen 

accessions were collected from the Regional Agricultural Research Station, 

Ambalavayal, Wayanad, twelve accession from Kanthaloor, Idukki and one from 

Thanniyam in Thrissur district. The twenty seven accessions collected from the 

subtropical and tropical areas were characterised based on horticultural traits according 

to „Descriptors for avocado‟ by IPGRI and their biochemical attributes were also 

analysed. 

Among the 27 accessions, fruit length varied from 5.50 to 12.86 cm, fruit 

diameter from 4.62 to 9.87 cm and fruit weight from 58.34 to 640.41 g. Inflated base, 

rounded apex, central or symmetric apex positions with smooth, glossy fruit surface 

were commonly seen. Wide variability was observed in the fruits of accessions 

collected from Wayanad while more uniformity was noticed among the accessions 

collected from Idukki. Light green coloured brittle fruit skin with slight adherence were 

mostly observed while accessions from Idukki had thicker skin than those from 

Wayanad. In most of the accessions, light green coloured fruit skin with greenish yellow 

coloured flesh next to the skin and light yellowish colour next to seed were observed. 

Buttery textured flesh with less fibre and neither sweet nor bitter in taste were the 

common characteristics of avocado. Even after 4 hours of cutting open the fruit, degree 

of discoloration was nil in most of the accessions. 

With regard to the biochemical characterisation, total soluble solids were 

observed in the range of 4.27 ºBrix in Acc. 20 to 11.3 ºBrix in Acc. 13, titratable acidity 

ranged from 0.28 to 2.84 % in Acc 27 and Acc 12, respectively. Vitamin C was varied 

from 5.33 mg/100g in Acc. 18 and Acc. 20, which was the lowest, to 20 mg/100g 

(highest) in Acc. 11. Lowest carbohydrate was seen in Acc. 7 (0.407g/100g) and highest 

in Acc. 25 (3.817 g/100g). Total protein content of fruits of accessions collected from 

Wayanad was in the range of 0.50 to 1.59 g/100g and those from Idukki it was 8.33 to 



 

11.93 g/100g. Total phenols content varied from 33.33 mg/100g to 102.83 mg/100g, 

which was higher in accessions from Wayanad. Total flavonoids varied from 24.80 to 

66.67 mg/100g, which was insignificant. 

 
Total fat content from avocado extract varied from 0.79 to 10.02 % in Acc.4 

and Acc.7, while oleic acid from 13.49 to 86.86 g/100g in Acc. 6 and Acc. 10, 

respectively. Total ash varied from 0.27 to 1.79 % in Acc. 8 and Acc. 3, respectively. 

Minerals such as calcium, potassium and iron content were in the range of 4.9 to 13.46 

mg/100g, 122.27 to 460.00 mg/100g and 0.04 to 0.44 mg/100g, respectively. Crude 

fibre content was higher (7.61 %) in Acc. 6 and lower (2.24 %) in Acc. 12. Most of the 

biochemical characters varied significantly at 0.05 % level with the only exception of 

total flavonoids, which was insignificant. 

Considering the horticultural traits, accessions from Idukki were uniform in 

characteristics, with superior quality. Considering the biochemical characteristics, 

higher vitamin C, total phenols, potassium and ash contents were seen in accessions 

from Wayanad, and total protein and iron content were higher in accessions from 

Idukki. Accession with highest total carbohydrates, total flavonoids and calcium 

content among the 27 accessions and highest vitamin C, potassium, iron, total ash, oleic 

acid and crude fibre among the accessions collected from Idukki were reported in 

accession 25 and it was selected as superior accession. 

Inihibitory concentration (IC50) indicating the antioxidant scavenging activity 

of the accession 25, in DPPH assay was 4.07 μg/mL, in FRAP assay it was 2.58 μg/mL 

and in ABTS assay it was 0.10 μg/mL. 

In the second experiment, effect of shrink packaging and storage temperature 

on quality and shelf life of avocado was investigated and the physical, physiological 

and biochemical parameters of the fruits were analysed. Mature fruits of avocado were 

surface sanitised with 2 ppm ozone and treated with 2 % calcium chloride, followed by 

shrink packaging and subsequently stored under ambient, refrigeration (4-7 ºC) and 

cool chamber (12-13 ºC). 

Avocado fruits under ambient storage had storage life of 7 days while in 

refrigeration and cool chamber it was more than 20 days. Shrink packaging further 

improved the shelf life to more than 27 days. During storage, PLW increased in a faster 

rate in control and slower in shrink packaged fruits under refrigeration (T8) from 0.05 
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to 0.89 %, followed by cool chamber (T9) from 0.30 % to 1.28 % after 27 days of 

storage, respectively. Due to the climacteric pattern of respiration in avocado, 

climacteric peak was seen in fruits in cool chamber kept as control (T3) (3.5 %), calcium 

chloride pre-treated fruits (T6) (5.73 %) and calcium chloride pre-treated shrink 

packaged fruits (T9) (2.5 %) after 9 days of storage and in calcium chloride pre-treated 

shrink packaged fruits under ambient storage (T7) (7.73 %) after 3 days of storage. 

Lower respiration rate was noticed in fruits kept as control (T2), calcium chloride pre- 

treated (T5) and calcium chloride pre-treated shrink packaged fruits (T8) under 

refrigerated storage. A peak in the ethylene evolution was also observed in all the 

treatments during storage and lowest ethylene evolution rate was seen in calcium 

chloride pre-treated fruits under cool chamber (T6) followed by calcium chloride pre- 

treated shrink packaged fruits under refrigeration (T8) and calcium chloride pre-treated 

shrink packaged fruits under cool chamber (T9). Texture of avocado fruits decreased 

during storage and highest retention of firmness during storage was noticed in fruits 

under cool chamber (fruits kept as control (T3), calcium chloride pre-treated fruits (T6) 

and calcium chloride pre-treated shrink packaged fruits (T9)) followed by fruits under 

refrigeration (fruits kept as control (T2), calcium chloride pre-treated fruits (T5) and 

calcium chloride pre-treated shrink packaged fruits (T8)). Decay per cent was higher in 

control sample and 100 % decay was noticed within 9 days of storage. The fruits treated 

with calcium chloride (T4) and shrink packaging (T7) under ambient conditions decayed 

fully after 21 and 24 days of storage, respectively. Shrink packaged fruits stored under 

both refrigeration and cool chamber remained without 100 percent decay up to 27 days 

of storage indicated slow pace of decay in the fruits. Along with the physiological 

disorders such as grey pulp, pulp spot and mesocarp discoloration, post harvest diseases 

such as anthracnose, fruit rot and stem end rot also hastened the rate of decay. 

Significantly higher values of total soluble solids were observed in calcium 

chloride pre-treated fruits under cool chamber (T6) throughout the storage period of 3 

weeks, which increased from the initial value of 6.33 ºBrix to 9.13, 9.5 and 9.6 ºBrix at 

1, 2 and 3 weeks after storage, respectively. Lower titratable acidity (0.39 %) was 

recorded in shrink packaged fruits under refrigeration (T8) after 2 weeks of storage and 

it increased towards the end of storage. Total carbohydrate in the initial period of 

storage was 3.29 g/100g which decreased during storage and the higher contents were 

seen in fruits kept as control under ambient conditions (T1) (2.66 g/100g), calcium 
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chloride pre-treated fruits under refrigeration (T5) (2.20 g/100g) and calcium chloride 

treated shrink packaged fruits under refrigeration (T8) (0.82 g/100g) at 1, 2 and 3 weeks 

after storage respectively. Significantly higher total protein content were noticed in 

calcium chloride pre-treated shrink packaged fruits under refrigeration (T8) after one 

(2.92 g/100g) and two (2.92 g/100g) weeks of storage and in calcium chloride pre- 

treated fruits under cool chamber (T6) (1.45g/100g) after 3 weeks of storage. Vitamin 

C increased during storage with significantly higher values seen in fruits under cool 

chamber kept as control (T3) (14 mg/100g) and calcium chloride pre-treated fruits (T6) 

(16 mg/100g) after 2 and 3 weeks of storage respectively. During 3 weeks of storage, 

total phenols content increased and significantly higher values were seen in calcium 

chloride pre-treated fruits under ambient storage (T4) (65.00 mg/100g), 1 week after 

storage and calcium chloride pre-treated shrink packaged fruits under refrigeration (T8) 

(70.00 and 85.83 mg/100g) after 2 and 3 weeks of storage. Throughout storage higher 

total fat was seen in calcium chloride pre-treated fruits under cool chamber (T6) which 

decreased 1 to 3 weeks after storage. 

Taking into consideration of the longer shelf life, lower PLW, diminished 

respiration rate, lower ethylene evolution rate with better retention of firmness along 

with least titratable acidity, higher total carbohydrates, total protein and total phenols, 

calcium chloride pre-treated fruits with shrink packaging and stored under refrigeration 

at 4-7 ºC (T8) was considered as the ideal pre-treatment for the storage of avocado fruit. 

In experiment III, effect of food additives on quality of frozen avocado slices 

during three months of storage was analysed. Avocado slices added with different 

proportions of sucrose (20-40 %) along with ascorbic acid (0.5 %) in combination with 

one of the preservatives (KMS, sodium benzoate, potassium sorbate @ 0.1 %) were 

quick frozen in blast freezer to -20 ºC for 30 minutes and the frozen slices were packed 

in LDPE (200 gauge) pouches and subsequently stored under subzero condition (-18 

ºC). 

Fruit slices pre-treated with 40 % sucrose and KMS (T7), potassium sorbate (T9) 

and sodium benzoate (T8) had the significantly higher TSS of 26.00, 23.93 and 22.60 

ºBrix after one, two and three months of storage respectively. TSS decreased during 

storage, after an initial increase after one month of storage. Titratable acidity decreased 

during storage and significantly lower titratable acidity (0.26 %) was seen in fruit slices 

pre-treated with 40 % sucrose and potassium sorbate (T9) after two months of storage. 
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After a steep rise in the vitamin C content during first month, it decreased towards the 

end of storage and fruit slices pre-treated with 40 % sucrose and KMS (T7) (92.00 and 

49.33 mg/100g) and fruit slices pre-treated with 40 % sucrose and sodium benzoate 

(T8) (81.33 and 62.67 mg/100g) recorded significantly higher values at 0.05 % level 

difference after 2 and 3 months of storage, respectively. Total phenols increased up to 

2 months and then decreased and lower values were seen in fruit slices pre-treated with 

40 % sucrose and potassium sorbate (T9) (63.33 mg/100g) one month after storage and 

in fruit slices pre-treated with 20 % sucrose (T3) and 40 % sucrose (T9) with potassium 

sorbate (76.67 mg/100g) two months after storage. Highest total carbohydrate was seen 

in fruit slices pre-treated with 40 % sucrose and KMS (T7), one (10.17 g/100g) and two 

(8.20 g/100g) months after storage. After an initial increase in fat content after first 

month, it decreased and the higher fat content was noticed in fruit slices pre-treated 

with 20 % sucrose and KMS (T1) (4.25 %) and fruit slices pre-treated with 30 % sucrose 

and potassium sorbate (T6) (2.60 %) after one and two months of storage. Peroxide 

value increased up to 2 months and decreased afterwards with higher content in samples 

with 40 % sucrose. T7 recorded lower polyphenoloxidase activity throughout the 

storage. Water activity increased after one month of storage and significantly lower 

values were noticed in fruit slices pre-treated with 40 % sucrose and KMS (T7). 

Bacterial colonies were observed in the initial day of storage and increased during 

storage. Fungal colonies were seen after one month and yeast colonies were observed 

only in fruit slices pre-treated with 20 % sucrose and KMS (T1) and fruit slices pre- 

treated with 40 % sucrose and KMS (T7) after two month of storage. Fruit slices pre- 

treated with 40 % sucrose and KMS (T7) had comparatively lower microbial population 

throughout the storage. Fruit slices pre-treated with 40 % sucrose and KMS (T7) 

recorded higher organoleptic scores for appearance, colour, texture, flavour, taste, after 

taste and overall acceptability throughout the storage. The cost of production of 1 kg 

frozen avocado slices was estimated with Rs.450.23. 

Considering the biochemical parameters, significantly higher TSS, vitamin C, 

total carbohydrate and organoleptic scores and lower polyphenoloxidase activity, water 

activity and microbial population, avocado slices pre-treated with 40 % sucrose added 

with KMS (T7) stored at -18 ºC was selected as ideal preservation technique for the 

frozen avocado fruit slices. 
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In the experiment IVa, effect of food additives on quality of avocado pulp and 

avocado fruit powder was evaluated. In the process of standardization for preparation 

and storage of avocado pulp, after surface sanitisation and pre-treatments of fruits, 

avocado pulp was added with citric acid and ascorbic acid (0.5 %) separately, in 

combination with a preservative, either KMS or sodium benzoate @ 0.1 %, packed in 

glass jars and vacuum packed LDPE (200 gauge) bags and stored under ambient and 

refrigerated conditions for 3 months. 

After extraction, average pulp yield obtained was 71.42 %. TSS content 

decreased during storage and significantly higher value was seen in fruit pulp pre- 

treated with citric acid and sodium benzoate packed in LDPE bags and stored in 

refrigerated temperature (T6) (7.60 º Brix) and lowest titratable acidity was noticed in 

fruit pulp pre-treated with citric acid and KMS packed in glass jars and stored in 

refrigerated temperature (T4) (0.22 %). In all the treatments highest protein content was 

seen one month after storage and significantly higher value was reported in fruit pulp 

pre-treated with ascorbic acid and KMS packed in glass jars and stored in refrigerated 

temperature (T12) after one and two months of storage. Vitamin C content varied non- 

significantly during storage while both fruit pulp pre-treated with citric acid and KMS 

packed in glass jars and stored in refrigerated temperature (T4) and fruit pulp pre-treated 

with ascorbic acid and KMS packed in glass jars and stored in refrigerated temperature 

(T12) had highest total carbohydrate after two months of storage. Total fat content 

increased during storage and significantly higher content was noticed in fruit pulp pre- 

treated with ascorbic acid and KMS packed in LDPE bags and stored in refrigerated 

temperature (T10) (14.10 %) and fruit pulp pre-treated with ascorbic acid and sodium 

benzoate packed in LDPE bags and stored in refrigerated temperature (T14) (18.85 %) 

after one and two months of storage respectively. Peroxide value increased during 

storage and significantly lower value was seen in fruit pulp pre-treated with citric acid 

and KMS packed in glass jars and stored in refrigerated temperature (T4) (1.53 meq/kg) 

and viscosity decreased throughout storage with significantly higher was recorded in 

fruit pulp pre-treated with ascorbic acid and sodium benzoate packed in LDPE bags and 

stored in refrigerated temperature (T14) after one (2505.6 cP) and two (846 cP) months 

of storage. Water activity increased up to one month of storage and thereafter remained 

without much variation, significantly lower water activity was observed in fruit pulp 

pre-treated with citric acid (T2) and ascorbic acid (T10) along with KMS packed in 

LDPE bags and stored in refrigerated temperature (0.980). Lower PPO activity was 
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noticed in all fruit pulp pre-treated with ascorbic acid after one month of storage, fruit 

pulp pre-treated with ascorbic acid and sodium benzoate packed in LDPE bags and 

stored in refrigerated temperature (T14) after two months and fruit pulp pre-treated with 

ascorbic acid and KMS packed in LDPE bags and stored in refrigerated temperature 

(T10) after 3 months of storage. Microbial population increased during storage and 

comparatively high counts were seen after second and third months of storage, fruit 

pulp pre-treated with ascorbic acid and sodium benzoate packed in glass jars and stored 

in refrigerated temperature (T16) (nil) and fruit pulp pre-treated with ascorbic acid and 

KMS packed in LDPE bags and stored in refrigerated temperature (T10) recorded the 

lower microbial population. All the samples stored under ambient conditions became 

unmarketable within one month of storage, irrespective of the pre-treatments. Two 

months after storage, refrigerated samples had higher sensorial acceptability in 

appearance, colour and texture while flavour, odour, taste and after taste had lower 

scores and after 3 months of storage only fruit pulp pre-treated with citric acid and KMS 

packed in glass jars and stored in refrigerated temperature (T4), fruit pulp pre-treated 

with ascorbic acid and KMS packed in LDPE bags and stored in refrigerated 

temperature (T10) and fruit pulp pre-treated with ascorbic acid and KMS packed in glass 

jars and stored in refrigerated temperature (T12) obtained acceptable scores for 

appearance and colour. 

Considering the longer shelf life, significantly higher total protein, total 

carbohydrate, total fat and organoleptic scores and lower water activity, 

polyphenoloxidase activity, and microbial population, avocado pulp added with 

ascorbic acid along with KMS followed by packging in LDPE bags and stored under 

refrigeration (T10) and also the pulp with same additives packed in glass jars stored 

under refrigeration (T12) were selected as an ideal pre-treatment methods for the 

preservation of avocado pulp. 

In the experiment IVb, optimization of process conditions for preparation of 

avocado fruit powder was carried out by adding the fruit pulp with additives such as 

maltodextrin (2, 3, 4 and 5 %), ascorbic acid (1 %), tricalcium phosphate (0.15 %), 

EDTA (0.05 %) and potassium sorbate (0.05 %) followed by freeze drying. The 

obtained powder was packed in LDPE laminated Aluminium pouches (200 gauge) and 

in glass jars and subsequently stored under ambient and refrigerated conditions for 3 

months. 
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During storage bulk density of the powder decreased during storage. Higher 

values were seen in pulp added with 5% maltodextrin (T16) after 1 month (0.45 g/cm
3
), 

and pulp added with 4% (T10) (0.27 g/cm
3
) and 5 % (T14) (0.26 g/cm

3
) maltodextrin 

after 2 months storage. and those with 2% (T2) and 5% (T14) maltodextrin packed in 

LDPE bags and stored in refrigeration (0.23 g/cm
3
) after 3 months. Solubility decreased 

during storage and significantly higher solubility were seen in fruit pulp pre-treated 

with higher concentration of maltodextrin. Hygroscopicity also increased during 

storage period of three months and the lowest values were seen in fruit pulp pre-treated 

with 5 % maltodextrin packed in glass jars and stored in refrigerated temperature (T16) 

after first (0.25 %) and second (0.33 %) months and in fruit pulp pre-treated with 5 % 

maltodextrin packed in LDPE bags and stored in refrigerated temperature (T14) (1.31 

%) after third month of storage. Higher colour value L* was noticed in fruit pulp pre- 

treated with 4 % maltodextrin packed in glass jars and stored in ambient temperature 

(T12) (76.64), after one month and in fruit pulp pre-treated with 4 % maltodextrin 

packed in LDPE bags and stored in refrigerated temperature (T10) (53.28) after two 

months and fruit pulp pre-treated with 4 % maltodextrin packed in glass jars and stored 

in ambient temperature (T12) (42.60) after three months of storage. Higher L* value 

were seen in fruit powder with higher maltodextrin content. Hunter colour value a* 

increased up to three months of storage indicated the decrease of green colour and 

higher negative values were seen in fruit pulp pre-treated with 5 % maltodextrin packed 

in both LDPE bags (T14) and glass jars (T16), stored in refrigerated temperature after 

first (-14.21 and -14.18) and second (-3.63 and -3.63) months, respectively and in fruit 

pulp pre-treated with 4 % maltodextrin packed in glass jars and stored in ambient 

temperature (T12) (-0.38) after three months of storage. Colour value b* also increased 

during storage, indicated the increase of yellow colour and the lower values were 

observed in fruit pulp pre-treated with 5 % maltodextrin packed in LDPE bags and 

stored in refrigerated temperature (T14) after one (25.30) and 2 (40.00) months of 

storage and fruit pulp pre-treated with 5 % maltodextrin packed in glass jars and stored 

in refrigerated temperature (T16) (86.46) after three months of storage. Higher TSS 

content was observed in fruit pulp pre-treated with 5 % maltodextrin packed in LDPE 

bags (T14) (4.13 ºBrix) and glass jars (T16) (7.70 ºBrix) stored in refrigerated 

temperature after one and two months of storage. Titratable acidity varied non- 

significantly throughout the storage and the total protein content decreased during 

storage with significantly higher values in fruit pulp pre-treated with 3 % maltodextrin 
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packed in glass jars and stored in refrigerated temperature (T8) (6.24 g/100g) and fruit 

pulp pre-treated with 4 % maltodextrin packed in glass jars and stored in ambient 

temperature (T12) (0.91 g/100g) after 2 and 3 months of storage. A rise in vitamin C 

content was seen after 1 month of storage and fruit pulp pre-treated with 5 % 

maltodextrin packed in LDPE bags and stored in refrigerated temperature (T14) (70 

mg/100g) and in fruit pulp pre-treated with 3 % maltodextrin packed in glass jars and 

stored in refrigerated temperature (T8) (13.33 mg/100g) had significantly higher value 

after one and three months of storage at 0.05 % level. Total phenols increased during 

storage and varied non-significanlty among treatments. Total carbohydrates decreased 

after one month of storage and significantly higher values were observed in fruit pulp 

pre-treated with 5 % maltodextrin packed in LDPE bags (T14) (35.20 g/100g) and glass 

jars (T16) (34.80 g/100g) stored in refrigerated temperature after two months of storage. 

Total fat decreased throughout storage and significantly higher values were observed 

in fruit pulp pre-treated with 5 % maltodextrin packed in LDPE bags (T14) (60.43 %) 

and glass jars (T16) (61.20 %) stored in refrigerated temperature after one month and 

two months of storage. Peroxide value increased after two months of storage and lower 

values were found in samples pre-treated with 4 and 5 % maltodextrin after one and 

three months of storage at 0.05 % level of significance. Water activity increased with 

significantly lower values in fruit pulp pre-treated with 5 % maltodextrin packed in 

LDPE bags and stored in refrigerated temperature (T14) and fruit pulp pre-treated with 

5 % maltodextrin packed in glass jars and stored in refrigerated temperature (T16) 

throughout storage. Microbial colonies remained non-significant during storage among 

treatments and were observed only after two months of storage in which fungal colonies 

were nil in fruit pulp pre-treated with 3 % maltodextrin packed in glass jars and stored 

in refrigerated temperature (T8) and fruit pulp pre-treated with 5 % maltodextrin packed 

in LDPE bags and stored in refrigerated temperature (T14) and lower bacterial colonies 

(1.17 cfu x 10
5
/g) were observed in T10. After 3 months of storage, lower count of fungal 

and bacterial colonies were observed in the same treatments with 0.33 cfu x 10
3
/g and 

1.67 cfu x 10
5
/g, respectively. During storage, organoleptic qualities of all the samples 

decreased and parameters such as appearance, colour and texture obtained 

comparatively higher scores than odour, flavour, taste and after taste. By using the 

freeze dried avocado powder, preparation of an instant fruit shake was standardised by 

blending the fruit powder, skimmed milk powder, sucrose and water in the proportion 

of 1:2:1:2 with better sensorial acceptability. 

163 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

REFERENCES 



 

REFERENCES 

Adetoro, A. O., Opara, U. L., and Fawole, O. A. 2020. Eff ect of carrier agents on the 

physicochemical and technofunctional properties and antioxidant capacity of 

freeze-dried pomegranate juice (Punica granatum) powder. Foods. 9(10): 1368- 

1388. doi: 10.3390/foods9101388. 

Agarwal, P. and Hasija, S. K. 1986. Microorganisms in the Laboratory. Print House 

India Ltd. Lucknow, 155p 

Aguirre-Joya, J. A., Ventra-Sobrevilla, J., Martinez-Vazquez, G., Relas-Chacon, X., 

Rojas, R., Rodrigez-Herrera, R., and Aguilar, C. N. 2017. Effects of natural 

bioactive coating on the quality and shelf life prolongation at different storage 

conditions of avocado (Persea americana Mill.) cv. Hass. Food Packag. Shelf 

life. 14: 102-107. 

Ahmed, D., Yousef, A., and Hassan, H. 2010. Relationship between electrical 

conductivity, softening and colour of Fuerte avocado fruit during ripening. 

Agric. Biol. J. North America. 1: 878–885. doi: 

10.5251/abjna.2010.1.5.878.885. 

Alamar, M. C., Collings, E., Cools, K., and Terry, L. A. 2017. Impact of controlled 

atmosphere scheduling on strawberry and imported avocado fruit. Postharvest 

Biol. Technol. 134: 76–86. 

Alehegn, B., Buke, T., and Woelore, W. 2017. Effect of different storage materials on 

ripening and post-harvest quality of avocado (Persea americana M.) at Wolaita 

Sodo University, Ethiopia. Intern. J. Agric. Innov. Res. 6(3): 547-555. 

Alissa, K., Hung, Y. C., Hou, C. Y., Lim, G. C. W., and Ciou, J. Y. 2020. Developing 

new health material: the utilization of spray drying technology on avocado 

(Persea americana Mill.) seed powder. Foods. 9(2): 139. 

doi:10.3390/foods9020139. 

Alonso, E. G. L., Lopez, P. O., Morales, V. M., and Oomah, B. D. 2017. Avocado oil 

characteristics of Mexican creole genotypes. Eur. J. Lipid Sci. Technol. 119: 

396-406. 

Alvarez, L. D., Moreno, A. O., and Ochoa, F. G. 2012. Avocado. In: Siddiq, M.   

(ed.), Tropical and Subtropical Fruits: Postharvest Physiology, Processing and 

Packaging. Oxford: Wiley-Blackwell, pp.437-454. 

Anbessie, A., Siraj, K., and Kitte, S. A. 2013. Kinetics of ascorbic acid degradation in 

avocado fruit (Persea americana) under different storage temperatures by 

cyclic voltammetry. Adv. Sci. Eng. Med. 5: 1–4. doi:10.1166/asem.2013.1429. 

AOAC. 1998. Official Method of Analysis. (15
th

 Ed). Association of Official Analytical 

Chemists, Arlinton VA. 

 

 

I 



 

AOAC. 2000. Official Methods of Analysis. (17
th

 Ed). The Association of Official 

Analytical Chemists, Gaithersburg, MD, USA. 

Arampath, P. C. and Dekker, M. 2019. Bulk storage of mango (Mangifera indica L.) 

and pineapple (Ananas comosus L.) pulp: effect of pulping and storage 

temperature on phytochemicals and antioxidant activity. J. Sci. Food Agric. 

99(11): 5157-5167. doi.:10.1002/jsfa.9762. 

Araujo L. S., Costa, E. M. R., Soares, T. L., Santos, I. S. and Jesus, O. N. 2017. Effect 

of time and storage conditions on the physical and physico-chemical 

characteristics of the pulp of yellow and purple passion fruit. Food Sci. Technol. 

37: 7p. doi.http://dx.doi.org/10.1590/1678-457X.20616 

Araujoa, R. G., Rodriguez-Jasso, R. M., Ruiz, H. A. Pintado, M. M. E., and Aguilar, C. 

N. 2018. Avocado by-products: nutritional and functional properties. Trends 

Food Sci. Technl. 80: 51-60. doi:10.1016/j.tifs.2018.07.027 

Archana, L. 2019. Profiling bioactive compounds in avocado (Persea americana Mill.) 

cultivars and freeze dried fruit powders, and investigating its potential in cancer 

cell lines. MSc. (Community Sci.) thesis, Kerala Agricultural University, 

Thrissur, 144p. 

Ariza, O., López, F., Coyotl, J., Ramos, M., Díaz, J., and Martínez, A. 2011. Effect of 

different extraction methods on the fatty acid profile in the avocado (Persea 

americana Mill. var. Hass) oil. Venezuelan Mag. Food Sci. Technol. 2(2): 263- 

76. 

Arlai, A., Nakkong, Samjamin, R., and Sitthipaisarnkun, B. 2014. The Effects of 

Heating on Physical and Chemical Constitutes of Organic and Conventional 

Okra. Proc. Eng. 32: 38–44. doi:10.1016/j.proeng.2012.01.1234 

Arlai, A., Watineesajhasang, Pouphet, S., and Sukannythongjaroenyuang. 2014. Effect 

of calcium chloride and freezing on vacuum fried okra quality. Food Appl. 

Biosci. J. 2 (2): 161-168. 

Arpaia, M. L., Collin, S., Sievert, J. R., and Obenland, D. 2015. Influence of cold 

storage prior to and after ripening on quality factors and sensory attributes of 

„Hass‟ avocados. Postharvest Biol. Technol. 110: 149-157. 

doi:10.1016/j.postharvbio.2015.07.016. 

Asami, D. K., Hong, Y. J., Barrett, D.M., and Mitchell, A. E. 2003. Comparison of the 

total phenolic and ascorbic acid content of freeze-dried and air dried 

marionberry, strawberry and corn grown using conventional, organic and 

sustainable agricultural practices. J Agric Food Chem. 51: 1237-1241. 

Astudillo-Ordonez, C. E. and Rodrigez, P. 2018. Physicochemical parameters of 

avocado Persea americana Mill. cv. Hass (Lauraceae) grown in Antioquia 

(Colombia) for export. Corpoica Agric. Sci. Technol. 19(2): 393-402. 
 

II 

http://dx.doi.org/10.1590/1678-457X.20616


 

Augustine, A. A. 2020. Characterisation of avocado (Persea americana Mill.). 

MSc.(Hort.) thesis, Kerala Agricultural University, Thrissur, 115p. 

Ayala-Silva, T., Gubbuk, H., Twumasi, Y., and Ledesma, N. 2019. Morphological and 

phenological evaluation of ten avocado cultivars. J. Agric. Univ. P.R. 

103(2):197-204. 

Barbosa-Cánovas, G. V., Altunakar, B., and Mejia-Lorio, D. J. 2005. Freezing of fruits 

and Vegetables: An Agri-Business Alternative for Rural and Semi-Rural Areas. 

Food and Agriculture Organization of the United Nations, Rome, 158p 

Benzie, I. F. and Strain, J. J. 1996. The ferric reducing ability of plasma (FRAP) as a 

measure of antioxidant power: the FRAP assay. Anal Biochem. 239(1): 70-  

76. doi:10.1006/abio.1996.0292. 

Bhande, S. D., Ravindra, M. R., and Goswami, T. K. 2008. Respiration rate of banana 

fruit under aerobic conditions at different storage temperatures. J. Food Eng. 

87(1): 116-123. doi:10.1016/j.jfoodeng.2007.11.019 

Bi, X., Hemar, Y., Balaban, M. O., and Liao, X. 2015. The effect of ultrasound on 

particle size, colour, viscosity and polyphenol oxidase activity of diluted 

avocado puree. Ultrason. Sonochem. 27: 567-575. 

doi:10.1016/j.ultsonch.2015.04.01. 

Bishnoi, C., Godara, A. K., and Anuradha, 2016. Effect of storage temperature and 

duration on quality of stored pulp of „Ofra‟ strawberry. Int. J. Food. Ferment. 

Technol. 6(2): 273-279. 

Blakey, R. J. Tesfay, S. Z. Bertling, I., and Bower, J. P. 2012. Changes in sugars, total 

protein, and oil in „Hass‟ avocado (Persea americana Mill.) fruit during 

ripening. J. Hortic. Sci. Biotechnol. 84(4): 381-387. doi: 

10.1080/14620316.2012.11512880 

Blakey, R. J., Tesfay, S. Z., Bertling, I., and Bower, J. P. 2014. Ripening physiology 

and quality of „Hass‟ avocado (Persea americana Mill.) after cold storage at 1 

ºC. J. Hortic. Sci. Biotechnol. 89(6): 655-662. 

doi:10.1080/14620316.2014.11513134. 

Bowen, J., Billing, D., Connolly, P., Smith, W., Cooney, J., and Burdon, J. 2018. 

Postharvest biology and technology maturity, storage and ripening eff ects on 

anti-fungal compounds in the skin of „Hass‟ avocado fruit. Postharvest Biol. 

Technol., 146: 43–50. 

Bower, J. P. and Dennison, M. T. 2003. Progress in the development of avocado 

products. In: South African Avocado Growers' Association Yearbook 2003 (26
th

 

Ed.). pp. 35-39. 

 
 

III 



 

Bower, J. P. and Dennison, M. T. 2005. A process to prevent browning of frozen 

avocado halves and chunks. In: South African Avocado Growers’ Association 

Yearbook 2005 (26
th

 Ed.). pp. 40-41. 

Bower, J. P. and. Cutting, J. G. 1988. Avocado fruit development and ripening 

physiology. In: J. Janick (ed.) Horticultural Reviews. Vol. 10, Timber Press, 

Portland, pp. 229-271. 

Brand-Williams, W., Cuvelier, M. E., and Berset, C. 1995 Use of a free-radical method 

to evaluate antioxidant activity. Food Sci. Technol. 28(1): pp. 25-30. 

Brochier, B., Inacio, J. M., and Noreña, C. P. Z. 2019. Study of osmotic dehydration of 

kiwi fruit using sucrose solution. Brazilian J. Food Technol. 22, e2018146. 

doi.org/10.1590/1981-6723.14618. 

Burdon, J., Billing, D., and Pidakala, P. 2017. Avoiding chilling damage in „Hass‟ 

avocado fruit by controlled atmosphere storage at higher temperature. Hortsci. 

52(8): 1107–1110. 

Burdon, J., Lallu, N., Haynes, G., Francis, K., Boldingh, H., Pak, H. A., and Dixon, J. 

G. M. 2007. Cutting preliminary studies of physiological and morphological 

indicators of potential poor quality in late season New Zealand „Hass‟ avocados. 

Proceeding VI World Avocado Congress 12 - 16 November 2007, Vina del Mar 

– Chile, 158p. 

Burdon, J., Lallu, N., Haynes, G., McDermott, K., and Billing, D. 2008. The effect of 

delays in establishment of a static or dynamic controlled atmosphere on the 

quality of „Hass‟ avocado fruit. Postharvest Biol. Technol. 49: 61–68. 

Caliskan, G. and Dirim, S. N. 2015. The effect of different drying processes and the 

amounts of maltodextrin addition on the powder properties of sumac extract 

powders. Powder Technol. 287: 308–314. 

Cano, M. P., Lobo, M. G., and De Ancos, B. 1998. Peroxidase and polyphenol oxidase 

in long-term frozen stored papaya slices: differences among hermaphrodite and 

female papaya fruits. J. Sci. Food Agric. 76: 135–141. 

Cano-Chauca, M., Stringheta, P. C., Ramos, A. M., and Cal-Vidal, J. 2005. Eff ect of 

the carriers on the microstructure of mango powder obtained by spray drying 

and its functional characterization. Innov. Food Sci. Emerg. Technol. 5: 420– 

428. 

Castañeda-Saucedo, C. M., Valdés-Miramontes, B. H., Tapia-Campos, E., Delgado- 

Alvarado, A., Bernardino-García, A. C., Rodríguez-Ramírez, M. R., and 

Ramirez-Anaya, J. P. 2014. Effect of freeze-drying and production process on 

the chemical composition and fatty acids profile of avocado 

pulp. Chilean Nutr. Mag. 41(4): 404-411. 
 

 

 

IV 



 

Ceballos, A. M., Giraldo, G. I., and Orrego, C. E. 2012. Eff ect of freezing rate on quality 

parameters of freeze dried soursop fruit pulp. J. Food Eng. 111: 360–365. 

Celli, G. B., Ghanem, A., and Brooks, M. S. L. 2016. Influence of freezing process and 

frozen storage on the quality of fruits and fruit products. Food Rev. Int. 32(3): 

280-304. doi: 10.1080/87559129.2015.1075212 

Cenobio-Galindo, A. J., Ocampo-López, J., Reyes-Munguía, A., Carrillo-Inungaray, 

M. L., Cawood, M., Medina-Pérez, G., Fernández-Luqueño, F., and Campos- 

Montiel, R. G. 2019. In‼uence of bioactive compounds incorporated in a 

nanoemulsion as coating on avocado fruits (Persea americana) during 

postharvest storage: antioxidant activity, physicochemical changes and 

structural evaluation. Antioxidants. 8: 12p. 

Chaiyasut, C. Kesika, P., Sirilun, S., Makhamrueang, N., Peerajan, S., and Sivamaruthi, 

B. S. 2019. Influence of extraction process on yield, total phenolic content, and 

antioxidant properties of avocado (Persea americana Mill.) oil and stability 

assessment. Asian J. Pharma. Clin. Res. 12(2): 391-396. doi: 

10.22159/ajpcr.2019.v12i2.30017. 

Chaovanalikit, A. and Wrolstad, R. E. 2004. Anthocyanin and polyphenolic 

composition of fresh and processed cherries. J. Food Sci. 69: 73–83. 

Chassagne-Berces, S., Fonseca, F., Citeau, M., and Marin, M. 2010. Freezing protocol 

eff ect on quality properties of fruit tissue according to the fruit, the variety and 

the stage of maturity. Food Sci. Technol. 43: 1441–1449. 

Chauhan, A. K. and Singh, M. 2020. Development of phytonutrient enriched avocado 

milkshake powder and its quality evaluation. Indian J Dairy Sci. 73(6): 1-7. doi: 

10.33785/IJDS.2020.v73i06.007. 

Chen, J., Liu, X., Li1, F., Li1, Y., and Yuan, D. 2017. Cold shock treatment extends 

shelf life of naturally ripened or ethylene-ripened avocado fruits. Plos One 

12(12):e0189991. doi.10.1371/ journal.pone.0189991. 

Chitarra, M. I. F. and Chitarra, A. B. 2005. Postharvest of Fruits and Vegetables: 

Physiology and Handling. University of Lavras (UFLA), Portuguese, 785 p. 

Ciurzynska, A. and Lenart, A. 2011. Freeze-Drying - Application in Food Processing 

and Biotechnology - A Review. Poland J. Food Nutr. Sci. 61(3): 165-171. doi: 

10.2478/vl0222-011-0017-5. 

Codex Alimentairus Commission. 1993. Vegetables fats and oils (25
th

 Ed.). FAO/WHO 

Codex Standards Programme, London, United Kingdom, 112p. 

CODEX. 2019. Current Official Standards – Codex Stan (210-1999). Standard for 

Named Vegetable Oils. FAO/WHO Codex Standards Programme, London, 

United Kingdom, 15p. 

 

V 



 

Cortes-Rodriguez, M., Orrego-Vargas, F. S., and Rodríguez-Sandoval, E. 2019. 

Optimization of guacamole formulation made with avocado powder and fresh 

avocado. Dyna J. Fac. Mines, 86(209): 126-134. 

doi.org/10.15446/dyna.v86n209.72930. 

Cowan, A. K. and Wolstenholme, B. N. 2016. Avocado. In: Caballero, B., Finglas, P. 

M., and Toldra F. (eds), Encyclopedia of Food and Health. Oxford: Academic 

Press. pp. 294–300. 

Cutting, J. G. M., Wolstenholme, B. N., and Hardy, J. 1992. Increasing relative maturity 

alters the base mineral composition and phenolic concentration of avocado fruit. 

J. Hort. Sci. 67(6): 761-768. 

Daiuto, E. R., Fumes, J. G. F., Vieites, R. L., Cabia, N. C., and Castro, R. S. D. 2011. 

Antioxidant capacity and total phenolic content of hydrothermally-treated 

'Fuerte' avocado. Adv. Hortic. Sci. 25(2): 75-80. 

Daiuto, E. R., Vieites, R. L., Tremocoldi, M. A., and Vileigas, D. F. 2010. Physico 

chemical stability of avocado product (Persea americana Mill) storaged under 

low temperature. Food Nutr. 21(1): 99–107. 

Dantas, D., Pasquali, M. A., Cavalcanti-Mata, M., Duarte, M. E., and Lisboa, H. M. 

2018. In‼uence of spray drying conditions on the properties of avocado powder 

drink. Food Chem. 266: 284–291.doi.org/10.1016/j.foodchem.2018.06.016. 

Dawson, P., Al-Jeddawi, W., and Rieck, J. 2020. The effect of different freezing rates 

and long-term storage temperatures on the stability of sliced peaches. Intern. J. 

Food Sci. 17p. doi.org/10.1155/2020/9178583. 

De Ancos, B., Ibañez, E., Reglero, G., and Cano, M. P. 2000. Frozen storage eff ects on 

anthocyanins and volatile compounds of raspberry fruit. J. Agric. Food Chem. 

48: 873–879. 

Defilippi, B., Ferreyra, R., and Rivera, S. (eds), 2015. Hass avocado flavour more than 

just oil. In: Hass Avocado Quality Optimisation. Bulletin INIA No. 

307. Agricultural Research Institute Santiago, Chile, pp. 103–119. 

Dekevich, D. 2018. Avocados. A food production wiki for public health professionals. 

In: Food Source Information. Florida Integrated Food Safety Centre of 

Excellence. Department of Health, Florida. 11p. Available: 

https://fsi.colostate.edu/author/ddekevich. [8 Oct. 2021] 

Delgado, A. E. and Rubiolo, A. C. 2005. Microstructural changes in strawberry after 

freezing and thawing processes. Food Sci. Technol. 38: 135–142. 

Dermesonlouoglou, E., Giannakourou, M., and Taoukis, P. 2007. Kinetic modelling of 

the quality degradation of frozen watermelon tissue: eff ect of the osmotic 

dehydration as a pretreatment. Int. J. Food Sci. Technol. 42: 790–798. 

Dermesonlouoglou, E., Zachariou, I., Andreou, V., and Taoukis, S. 2018. Quality 

assessment and shelf life modeling of pulsed electric field pretreated 

VI 



 

osmodehydrofrozen kiwifruit slices. Intern. J. Food Stud. 7: 34-51. Doi. 

10.7455/ijfs/7.1.2018.a4 

Dewanto, V., Wu, X., Adom, K. K., and Liu, R. H. 2002. Thermal processing enhances 

the nutritional value of tomatoes by increasing total antioxidant activity. J. 

Agric. Food Chem. 50: 3010–3014. 

Dilrukshi, S. H. B. and Senarath, H. P. S. 2021. Development and quality evaluation of 

freeze-dried instant green smoothie powder. Int. J. Food Sci., 7p. 

doi:10.1155/2021/6634764. 

Dirim, S. N. and Caliskan, G. 2012. Determination of the eff ect of freeze drying process 

on the production of pumpkin (Cucurbita moschata) puree powder and the 

powder properties. J. Food. 37(4): 203–210. 

Dixon, J. 2003. New Zealand Avocado Fruit Assessment Manual. Version 3.0. Avocado 

Industry Council Limited, New Zealand. 

Dixon, J., Smith, D. B., and Elmsly, T. A. 2004. Fruit age, storage temperature and 

maturity effects on Hass avocado fruit quality and ripening. New Zealand 

Avocado Growers' Association Annual Research Report 2004. 4: 47–53. 

Donadon, J. R., Fernando, D. J., Morgado, C. M. A., and Santos, L. O. 2012. Cold 

storage of 'Hass' avocado. Brazilian Mag. Fruit Cult. 34(4): 981-989. 

doi:10.1590/S0100-29452012000400004. 

Donetti, M. and Terry, L. A. 2014. Biochemical markers defining growing area and 

ripening stage of imported avocado fruit cv. Hass. J. Food Compost. Anal. 

34(1): 90-98. doi:10.1016/j.jfca.2013.11.011. 

Dorantes, L., Parada, L., and Ortiz, A. 2004. Avocado Post-harvest Operations - Post- 

harvest Compendium. Food and Agriculture Organization of the United 

Nations, FAO, Rome, Italy, 67p. 

Dreher, M. and Davenport, A. 2013. Hass Avocado Composition and Potential Health 

Eff ects. Crit. Rev. Food Sci. Nutr. 53: 738–750. 

Duarte, P. F., Chaves, M. A., Borges, C. D., and Mendonce, C. R. B. 2016. Avocado: 

characteristics, health benefits and uses. Rural Sci., Santa Maria, 46(4): 747- 

754. 

Durand, B. J. 1984. Shrink-wrap materials as postharvest treatment. South African 

Avocado Growers' Association Yearbook. 7: 45 - 46. 

Durrani, A. M. and Verma, S. 2011. Preparation and quality evaluation of honey Amla 

Murabba. J. Ind. Res. Tech. 1(1): 40–45. 

Durrani, A. M., Srivastava, P. K., and Verma, S. 2011. Development and quality 

evaluation of honey based carrot candy. J. Food Sci. Technol. 48(4): 502–505. 

doi: 10.1007/s13197-010-0212-0. 

 

VII 



 

Eaks, I. L. 1990. Change in the fatty acid composition of avocado fruit during ontogeny, 

cold storage and ripening. Acta Hortic. 269: 141-152. doi: 

10.17660/ActaHortic.1990.269.19. 

FAO [Food and Agricultural Organisation] 2002. FAOSTAT Agriculture Data, 

Available: http:apps.fao.org.[10 Oct. 2021]. 

Fernandes, F. A. N., Rodrigues, S., Law, C. L., and Mujumdar, A. S. 2010. Drying of 

Exotic Tropical Fruits: A Comprehensive Review. Food Process. Technol. 4: 

163-185. doi: 10.1007/S11947-010-0323-7. 

Ferrando, M. and Spiess, W. E. L. 2001. Cellular response of plant tissue during the 

osmotic treatment with sucrose, maltose and trehalose solutions. J. Food Engi. 

49: 115-127. 

Field, A. P. 2005. Kendall‟s Coefficient of Concordance. Encyclopedia of Statistics in 

Behavioural Science. 2: 1010-1011. doi:10.1002/0470013192. 

Flitsanov, U., Mizrach, A., Liberzon, A., Akerman, M., and Zauberman, G. 2000. 

Measurements of avocado softening at various temperature using ultrasound. 

Postharvest Biol. Technol. 20: 279–286. 

Forni, E., Sormani, A., Scalise, S., and Torreggiani, D. 1997. The in‼uence of sugar 

composition on the colour stability of osmodehydrofrozen intermediate 

moisture apricots. Food Res. Int. 30: 87 –94. 

Fujita, S., bin Saari, N. Maegawa, M., Tetsuka, T., Hayashi, N., and Tono, T. 1995. 

Purificación and properties of polyphenoloxidase from cabbage (Brassica 

oleracea L.). J. Agric. Food Chem. 43(5): 1138–1142. 

Fuster, C., Prestamo, G., and Cano, M. P. 1994. Drip loss, peroxidase and sensory 

changes in kiwi fruit slices during frozen storage. J. Sci. Food Agric., 64(1): 23– 

29. doi:10.1002/jsfa.2740640105. 

Gaidhani, K. A., Harwalkar, M., Bhambere, D. and Nirgude, P. S. 2016. Lyophilization/ 

freeze drying-a review. World J. Pharma. Res. 4(8): 516-543. 

Galani, J. H. Y., Patel, J. S., Patel, N. J., and Talati, J. G. 2017. Storage of fruits and 

vegetables in refrigerator increases their phenolic acids but decreases the total 

phenolics, anthocyanins and vitamin C with subsequent loss of their antioxidant 

capacity. Antioxidants. 6(3): 59. doi: 10.3390/antiox6030059. 

Garcia, E. D., Hernandez, J. A. Z., Vargas, R. D., Cervantes, S. C. 2008. Method of 

obtaining avocado powder. United States Patent No. 0286385 A1 Available: 

https://patentimages.storage.googleapis.com/1c/c7/95/a52dcd73edfc48/US200 

80286385A1.pdf [16-10-2021]. 

 

 
 

VIII 



 

Gatbonton G. L., De Jesus, A. P. P. Lorenzo, K. M. L., and Uy, M. M. 2013. Soxhlet 

extraction of Philippine avocado fruit pulp variety 240. In: Research Congress, 

March 7-9, 2013, De La Salle University, Manila. Available: 

https://docplayer.net/49630543-Soxhlet-extraction-of-philippine-avocado- 

fruit-pulp-variety-240.html. 

Giannakourou, M. C., Dermesonlouoglou, E. K., and Taoukis, P. S. 2020. 

Osmodehydrofreezing: an integrated process for food preservation during 

frozen storage. Foods. 9(8): 1042. doi:10.3390/foods9081042. 

Gosh, P. S. 2000. Avocado production in India. In: Avocado Production in Asia and 

Pacific. Food and Agriculture Organization of the United Nations, Thailand, pp 

24-30. 

Guiamba, I. R. F. and Svanberg, U. 2016. Effects of blanching, acidification, or addition 

of EDTA on vitamin C and β‐ carotene stability during mango purée preparation. 

Food Sci Nutr. 4(5): 706–715 

Hamid, Thakur, N. S., Kumar, P., and Thakur, A. 2017. Studies on preparation and 

preservation of ready-to-serve (RTS) beverage from underutilized mulberry 

(Morus alba L.) fruits and its quality evaluation during storage. Int. J. Curr. 

Microbiol. App. Sci 6(9): 1067-1079. doi.org/10.20546/ijcmas.2017.609.128. 

Heim, K. E., Tagliaferro, A. R., and Bobolya, D. J. 2002. Flavonoid antioxidants: 

chemistry, metabolism and structure activity relationships. J. Nutr. Biochem. 

13: 572-584. 

Hershkovitz, V. Saguy, S. I., and Pesis, E. 2005. Postharvest application of 1-MCP to 

improve the quality of various avocado cultivars. Postharvest Biol. Technol. 

37(3): 252–264. 

Hewitt B. 1958. Spectrophotometric determination of total carbohydrate. Nature. 182: 

246–247. doi :10.1038/182246b0. 

Hofman, P. J., Y. Fuchs, and D. L. Milne. 2002. Harvesting, packing, postharvest 

technology, transport and processing. In: Whiley, A. W., Schaffer, B. and 

Wolstenholme, B. N. (eds), The Avocado: Botany, Production and Uses. CAB 

International, Wallingford, UK, pp. 363–401. 

Honorio, S. L., Moretti, C. L. 2002. Postharvest physiology of fruits and vegetables. In: 

Cortez, L. A. B., Honorio, S. L. and Moretti, C. L. Fruit and Vegetable Cooling. 

Brasília Embrapa Vegetables, pp.60-81. 

Hurtado-Fernández, E., Bajoub, A., Morales, J., Fernández-Gutiérrez, A., and 

Carrasco-Pancorbo, A. 2015. Exploratory analysis of avocado extracts by GC- 

MS: new insights into the avocado fruit ripening process. Anal. Methods 7: 

7318–7326. doi: 10.1039/c5ay00767d. 

Ians. 2018. Peruvian avocado export to India to touch $200,000 [on line]. Business 

standard. Available: https://www.business-standard.com/article/news- 

IX 

http://www.business-standard.com/article/news-


 

ians/peruvian-avocado-export-to-india-to-touch-200-000-118081000963- 

1.html. [5 November 2021]. 

Ikhuoria, E. U. and Maliki, M. 2007. Characterization of avocado pear (Persea 

americana) and African pear (Dacryodes edulis) extracts. African J. Biotechnol. 

6 (7): 950-952. 

Illeperuma, C. K. and Nikapitiya, C. 2006. Modified atmosphere packaging of 

minimally processed avocado cv. „Booth 7‟. J. Hortic. Sci. Biotechnol. 81(4): 

607-612. doi: 10.1080/14620316.2006.11512112. 

IPGRI. 1995. Descriptors for Avocado (Persea spp.). International Plant Genetic 

Resources Institute, Rome, Italy. 

Iturriaga, M. H., Arvizu-Medrano, S. M., and Escartin, E. F. 2002. Behaviour of 

Listeria monocytogenes in avocado pulp and processed guacamole. J. Food 

Prot. 65(11): 1745–1749 

Ivancevic, S., Mitrovic, D., Brkic, M., and Cvijanovic, D. 2012. Specifities of fruit 

freeze drying and product prices. Econ. Agricul. 59(3): 461-71. 

Jakubczyk, E. and Jaskulska, A. 2020. The effect of freeze-drying on the properties of 

polish vegetable soups. Appl. Sci. 11(2): 654; 

https://doi.org/10.3390/app11020654. 

James, R. 1971. Vacuum puff freeze drying of tropical fruit juices. Journal of Food 

Science, 36: 906–910. 

Jaya, S., Das, H., and Mani, S. 2006. Optimization of maltodextrin and tricalcium 

phosphate for producing vacuum dried mango powder. Int. J. Food Properties. 

9(1): 13-24. doi: 10.1080/10942910500217666. 

Jeong, J. Huber, D. J., and Sargent, S. A. 2003. Delay of avocado (Persea americana) 

fruit ripening by 1-methylcyclopropene and wax treatments. Postharvest Biol. 

Technol. 28(2): 247-257. 

Jobil. A. J., Parameshwari, S., Husain, F. M., Alomar, S. Y., Ahmad, N., Albalawi, F., 

and Alam, P. 2021. Scientifically formulated avocado fruit juice: phytochemical 

analysis, assessment of its antioxidant potential and consumer perception. 

Molecules. 26(24): 7424. doi: 10.3390/molecules26247424. 

Jorge, T. S., Polachini, T. C., Dias, L. S., Jorge, N., and Sanchez, J. T. 2015. 

Physicochemical and rheological characterization of avocado oils. Food Sci. 

Technol. 39(4): 390-400. doi:10.1590/S1413-70542015000400010 

Kader, A. A., Zagory, D., and Kerbal, E. L. 1989. Modified atmosphere packaging of 

fruits and vegetables. Crit. Rev. Food Sci. Nutr. 2(8): 1–30. 

 

 

 

 

X 



 

Kanellis, A. K., Solomos, T., and Mattoo, A. K. 1989. Hydrolytic enzyme activities and 

protein pattern of avocado fruit ripened in air and in low oxygen, with and 

without ethylene. Plant Physiol. 90: 257-266. 

Karaca, H. and Velioglu, Y. S. 2007. Ozone Applications in Fruit and Vegetable 

Processing. Food Rev. Int. 23: 91–106. doi: 10.1080/87559120600998221. 

Kassim, A. and Workneh, T. S. 2020. Influence of postharvest treatments and storage 

conditions on the quality of Hass avocados. Heliyon. 6: 9p. 

Khan, A., Shamrez, B., Litaf, U., Zeb, A., and Rehman, Z. 2014. Effect of sucrose 

solution and chemical preservatives on overall quality of strawberry fruit. .J 

Food Process. Technol. 6: 413. doi:10.4172/2157-7110.1000413. 

Kiharason, J. W. and Isutsa, D. K. 2019. Shelf-life of pumpkin fruit slices, flour and 

blended products. Int. J. Food Sci. Biotechnol. 4(1): 14-25. 

Kim, J., Kim, D. N., Lee, S. H., and Yoo, S. H. 2010. Correlation of fatty acid 

composition of vegetable oils with rheological behaviour and oil uptake. Food 

Chem. 118(2): 398-402. doi:10.1016/j.foodchem.2009.05.011. 

Kirk, R. S. and Sawyer, R. 1991. Pearson’s Composition and Analysis of Foods. 9
th

 

Ed. 

Longman Scientific and Technical England, pp: 607-617. 

Knapp, F. W. 1965. Some characteristics of eggplant and avocado polyphenol oxidase. 

J. Food Sci. 30: 930-936. 

Koller, O. C. 1992. Abacaticultura. Porto Alegre: UFRGS, Porto Alegre, 138 p. 

Korsten, L., Bezuidenhout, J. J., and Kotze, J. M. 1988. Biological control of 

postharvest diseases of avocado. In: South African Avocado Growers’ 

Association Yearbook 1988. 11: 75-78. 

Kozlowski, T. T. 1992. Carbohydrate sources and sinks in woody plants. Bot. Rev. 58: 

107–222. 

Krebs, H. A., Wiggins, D., Stubbs, M., Sols, A., and Bedoya, F. 1983. Studies on the 

mechanism of the antifungal action of benzoate. Biochem. J. 214: 657-663. 

Kruger, F. J., Volschenk, G. O., and Volschenk, L. 2019. Further observation on the 

development of a total soluble solids (TSS) based maturity/ripening-efficacy 

measurement tool for South African avocado fruit. In: South African avocado 

Growers’ Association Yearbook. 42: 82-85. 

Krumreich, F. D., Borges, C. D., Mendonca, C. R. B., Jansen-Alves, C., and Zambiazi, 

R. C. 2018. Bioactive compounds and quality parameters of avocado oil 

obtained by diff erent processes. Food Chem. 257: 376–381. 

Lee, S. K. and Kader, A. A. 2000. Preharvest and postharvest factors in‼uencing 

vitamin C content of horticultural crops. Postharvest Biol. Technol. 20: 207– 

220. 

XI 



 

Lee, S. K., Young, R. E., Schiffman, P. M., and Coggins, Jr. C. W. 1983. Maturity 

studies of avocado fruit based on picking dates and dry weight. J. Amer. Soc. 

Hort. Sci. 108: 390–394. 

Lidster, P. D., Dick, A. J., DeMarco, A., and McRae, K. B. 1986. Application of 

flavonoid glycosides and phenolic acids to suppress firmness loss in apples. J. 

American Soc. Hortic. Sci. 111: 892–896. 

Litz, R. E., Raharjo, S. H. T., and Lim, M. A. G. 2007. Avocado. In: Chong, P. E., 

Davey, and Davey M. R. (eds), Biotechnology in Agriculture and Forestry: 

Berlim, Springer, 60: 167–187. 

Litz, R. E., Witjaksono, F., Raharjo, D., Efendi, F., Pliego-Alfaro, and Barcelo-Munoz., 

A. 2005. Persea americana (avocado). In: Litz, R. E. (ed.). Biotechnology of 

Fruit and Nut Crops. (1
st
 Ed.) CABI, Cambridge, UK, pp. 326–347. 

Liu, K., Liu, Y., and Chen, F. 2019. Effect of storage temperature on lipid oxidation 

and changes in nutrient contents in peanuts. Food Sci Nutr. 7(7): 2280–2290. 

doi: 10.1002/fsn3.1069 

Liu, X., Robinson, P. W. Madore, M. A., Witney, G. W., and Arpaia, M. L. 1999. „Hass‟ 

avocado carbohydrate fluctuations. II. Fruit growth and ripening. J. Amer. Soc. 

Hort. Sci. 124(6): 676–681. 

López-Malo, A., Palou, E., Barbosa-Cánovas, G. V, Welti-Chanes, J., and Swanson, B. 

G. 1998. Polyphenoloxidase activity and colour changes during storage of high 

hydrostatic pressure treated avocado puree. Food Res. Intern. 31(8): 549-556. 

Lowry, O. H., Rosbrough, N. J., Farr, A. L., and Randall, R. J. 1951. Protein 

measurement with the Folin phenol reagent. J Biol Chem. 193: 265-275. 

Ma, H., Liu, Y., Tu, X., Deng, D., Ye, J., Yang, C., Du, L., and Li, L. 2020. 

Optimization of test conditions for TPA texture properties of avocado flesh. IOP 

Conf. Series: Earth and Environmental Science 526 [online], IOP Publishing, 

doi:10.1088/1755-1315/526/1/012058. 

Maitera, O. N., Osemeahon, S. A., and Barnabas, H. L. 2014. Proximate and elemental 

analysis of avocado fruit obtained from Taraba State, Nigeria. Indian J. Sci. Res. 

Technol. 2(2): 67-73. 

Maltini, E., Torreggiani, D., Venir, E., and Bertolo, G. 2003. Water activity and the 

preservation of plant foods. Food Chem. 82(1): 79-86. doi:0.1016/S0308- 

8146(02)00581-2. 

Manickavasagan, A., Thangavel, K., Dev, S. R. S., Delfiya, D. S. A., Nambi, E., Orsat, 

V., and Raghavan, G. S. V. 2015. Physicochemical characteristics of date 

powder produced in a pilot scale spray dryer. Drying Technol. 33(9): 1114- 

1123. doi:10.1080/07373937.2015.1014045 

 

XII 



 

Manuwa, S. I., and Muhammed, H. A. 2010. Moisture content and compression axis 

effects on mechanical properties of Shea kernel. J. Food Technol. 8(3): 89-94. 

Marín-Obispo, L. M., Lara, R. V., Rodríguez-Sánchez, D. G., Follo-Martínez, A. D., 

Barquera, M. C. E., Garza, J. S. J., Garza, R. I. D., and Hernández-Brenes, C. 

2021. Insights into Drivers of Liking for Avocado Pulp (Persea americana): 

Integration of Descriptive Variables and Predictive Modeling. Foods. 10(1): 99. 

doi: 10.3390/foods10010099. 

Marques, L. G., Pardo, M. M., and Freire, J. T. 2009. Rehydration characteristics of 

freeze dried tropical fruits. Food Sci. Technol. 42: 1232-1237. 

Marulanda, A., Ruiz-Ruiz, M., and Cortes-Rodríguez, M. 2018. Influence of spray 

drying process on the quality of avocado powder: a functional food with great 

industrial potential. Vitae J. Fac. Pharma. Food Sci. 25(1): 37-48. 

Mazhar, M. S. 2015. Bruising in avocado (Persea americana M.) cv. „Hass‟ supply 

chains: from the ripener to the consumer. PhD (Hort.) thesis. School of 

Agriculture and Food Sciences, The University of Queensland, 256p. 

Meera, M. V. 2019. Development and quality evaluation of fruit spreads from avocado 

(Persea americana Mill.). MSc.(Community Sci.) Thesis. Kerala Agricultural 

University, Thrissur, 130p. 

Meir, S., Naiman, D., Akerman, M., Hyman, J. Y., Zauberman, G., and Fuchs, Y. 1997. 

Prolonged storage of „Hass‟ avocado fruit using modi※ed atmosphere 

packaging. Postharvest Biol. Technol. 12: 51–60. 

Mendieta, B., Olaeta, J. A., Pedreshi, R., and Undurraga, P. 2016. Reduction of cold 

damage during cold storage of Hass avocado by a combined use of pre- 

conditioning and waxing. Sci. Hortic. 200: 119–124. 

Menge, J. A. and Ploetz. R. C. 2003. Diseases of avocado. In: R.C. Ploetz (ed.). 

Diseases of Tropical Fruit Crops. CABI Publishing, Cambridge, MA, pp. 35– 

71. 

Mepba, H. D., Sokari, T. G., Eboh, L., Banigo, E. B., and Kiin-Kabari, D. B. 2008. 

Stabilized avocado pastes: chemical contents and oxidative changes during 

storage. The Open Food Sci. J. 2: 77-84. 

Meyer, M. D. and Terry, L. A. 2010. Fatty acid and sugar composition of avocado, cv. 

Hass, in response to treatment with an ethylene scavenger or 1- 

methylcyclopropene to extend storage life. Food Chem. 121: 1203–1210. 

Minh, N. P., Them, L. T., Trinh, N. T. L., Linh, N. T. M., Tu, C. N. C., and Tri, L. T. 

2019. Several parameters influencing to the production of avocado (Persea 

americana) powder. J. Pharm. Sci. and Res. 11(2): 289-294. 

 

 

 

 

XIII 



 

Moon, K. M., Kwon, E. B., Lee, B., and Kim, C. Y. 2020. Recent trends in controlling 

the enzymatic browning of fruit and vegetable products. Molecules. 25 (2754), 

15p. doi:10.3390/molecules25122754. 

Mooz, E. D., Gaino, N. M., Shimano, M. Y. H., Amancio, R. D., and Spoto, M. H. F. 

2012. Physical and chemical characterization of the pulp of different varieties 

of avocado targeting oil extraction potential. Food Sci. Technol. 32(2): 274-280. 

Morton, J. F. 2004. Fruits of Warm Climates. Miami: Creative Resource Systems Inc. 

Box 890, Winterville, N.C., 2997p. 

Mostert, M. E., Botha, B. M., Plessis, L. M., and Duodu, K. G. 2007. Effect of fruit 

ripeness and method of fruit drying on the extractability of avocado oil with 

hexane and supercritical carbon dioxide. J. Sci.  Food  Agric.  87:  2880-  

2885. doi.org/10.1002/jsfa.3051. 

Mujaffar, S. and Dipnarine, T. A. 2020. The production of a dried avocado (Persea 

americana) powder. In: The International Conference on Emerging Trends in 

Engineering and Technology. Faculty of Engineering, St. Augustine. June 1
st
– 

5
th

, 2020. pp. 44-54. doi:10.47412/DDSD1316. 

Mullen, W., Stewart, A. J., Lean, M. E. J., Gardner, P., Duthie, G. G., and Crozier, A. 

2002. Eff ect of freezing and storage on the phenolics, ellagitannins, ‼avonoids, 

and antioxidant capacity of red raspberries. J. Agric. Food Chem. 50: 5197– 

5201. 

Munhuweyi, K., Mpai, S., and Sivakumar, D. 2020. Extension of avocado fruit 

postharvest quality using non-chemical treatments. Agronomy. 10(2): 212. doi: 

10.3390/agronomy10020212. 

Munteanu, I. G. and Apetrei, C. 2021. Analytical methods used in determining 

antioxidant activity: a review. Int. J. Mol. Sci. 22: 3380. doi. 10.3390/ 

ijms22073380 

Murasaki, N. C. 2005. Thermal inactivation kinetics peroxidase and polyphenoloxidase 

present in green coconut water by continuous thermal process. Dissertation 

(Master) - University of Sao Paulo, Sao Paulo, 78p. 

Muzaffar, K. Nayik, A., and Kumar, P. 2018. Production of fruit juice powders by spray 

drying technology. Int. J. Adv. Res. Sci. Eng. 7(3): 59–67. 

Nair, S. S. 2018. Quality evaluation of avocado (Persea americana) cultivars and 

suitability of fruit powder for culinary preparations. MSc. Thesis. (Community 

Sci.) Kerala Agricultural University, Thrissur, 143p. 

Nair, S. S. and Chandran, A. 2018. Nutrient composition of avocado fruits of selected 

cultivars grown in Kerala. Int. J. Food Sci. Nutr. 3(3): 65-67. 

 

 

 

 

XIV 



 

Nardos, T., and Wakgari, T. 2016. Packaging material affects quality attributes and 

ripening period of avocado (Persea americana) fruit. World J. Agric. Sci. 12(3): 

229-235. doi: 10.5829/idosi.wjas.2016.12.3.1914. 

Nasr, I. S. and El-Hamid, A. A. 2019. The role of chitosan and selenium in improving 

physico-chemical quality and reducing external chilling injury during low 

temperature storage of "Fuerte" avocado. American-Eurasian J. Agrl. Environ. 

Sci. 19(6):404-419. 

Nayak, B. S., Raju, S. S., and Chalapath, A. V. 2008.Wound healing activity of Persea 

americana (avocado) fruit: a preclinical study on rats. J. Wound Care. 17(3): 

123-126. doi:10.1155/2013/472382. 

Nayaka, K. V. S., Azeez, S., Suresha, G. J., Tiwari, R. B., Prasanth, S. J., Karunakaran, 

G., and Suresha, K. B. 2020. Influence of inlet drying temperature on the 

physical attributes of spray dried avocado (Persea americana Mill) powder. Int. 

J. Curr. Microbiol. App. Sci. 9(12): 1761-1770. 

Nnaji, J. C. and Okereke, O. B. 2016. Proximate composition and physico-chemical 

properties of three avocado (Persea americana) varieties in Umuahia, Nigeria. 

J Appl. Chem Sci. Intern. 5(4): 195-200. 

Nowacka, M., Wiktor, A., Dadan, M., Rybak, K., Anuszewska, A., Materek, L., and 

Rajchert, D. W. 2019. The application of combined pre-treatment with 

utilization of sonication and reduced pressure to accelerate the osmotic 

dehydration process and modify the selected properties of cranberries. Foods. 

8(8): 283-299. 

NPCS [Niir Project Consultancy Services]. Entrepreneur India, project consultancy, 

reports & profiles [online]. Available: 

https://www.entrepreneurindia.co/project-and-profile-details/pulpy fruit drinks 

[22 Nov. 2021]. 

Olaeta, J. A. and Roja, M. S. 1987. Effect of cultivar and maturity on the quality of 

frozen avocado pulp. South African Avocado Growers’ Association Yearbook 

1987. Proceedings of the First World Avocado Congress, South Africa, 10: 163- 

164. 

Olaeta, J. A. and Undurraga, P. 1995. Fresh avocado pulp (Persea americana Mill.) 

stored under modified atmosphere using vacuum, CO2 and N2 in low density 

polyethylene bags. In: Proceedings of the World Avocado Congress III, 1995. 

Israel, pp. 370–373. 

Olivares, D., Alvarez, E., Veliz, D., Rojas, M. G., Camila Diaz, C., and De※lippi, B. G. 

2020. Effects of 1-methylcyclopropene and controlled atmosphere on ethylene 

synthesis and quality attributes of avocado cvs. Edranol and Fuerte. J. Food 

Qual. Article ID 5075218, 14p. doi: 10.1155/2020/5075218. 

 

 

 

XV 

http://www.entrepreneurindia.co/project-and-profile-details/pulpy


 

Oliveira, M. C., Pio, R., Ramos, J. D., Lima, L. C. O., Pasqual, M. P., and Santos, V. 

A. 2013. Physicochemical, microbiological and ecotoxicological characteristics 

of textile effluents and treatment proposal by coagulation/flocculation. Rural 

Sci. 43: 411–418. 

Orhevba, B. A. and Jinadu, A. O. 2011. Determination of physico-chemical properties 

and nutritional contents of avocado pear (Persea americana M.). Acad. Res. 

Intern. 1(3): 372-380. 

Ortega, J. A. A., Lopez, M. R., and Torre, R. R. R. 2013. Eff ect of electric ※eld 

treatment on avocado oil. Int. J. Res. Agric. Food Sci. 1: 13–22. 

Ospina, S., Ortiz, D. L., and Orrego, C. E. 2019. Enzymatic browning and colour 

evolution in frozen storage of two kinds of minimally processed avocado puree. 

Int. J. Food Eng. 15: 11-12. doi:10.1515/ijfe-2018-0431. 

Owusu, A. A. 2012. Formulation and shelf life evaluation of avocado (Persea 

americana) fruit spread. MSc.(Food Sci. Technol.) Thesis. Kwame Nkrumah 

University of Science and Technology, Ghana. 

Owusu, A. A., Ofosu, I. W., Mensah, W. A., Oldham, J. H., and Oduro, I. 2011. 

Modelling the Formulation and Shelf Life of Avocado (Persea americana) Fruit 

Spread. American J. Food Technol. 6(8): 661-673. 

Oyinloye, T. M. and Yoon, W. B. 2020. Effect of freeze-drying on quality and grinding 

process of food produce: a review. Processes. 8(354): 23p. 

doi:10.3390/pr8030354. 

Ozdemir, F. and Topuz, A. 2004. Changes in dry matter, oil content and fatty acids 

composition of avocado during harvesting time and postharvesting ripening 

period. Food Chem. 86: 79–83. 

Palou, E., Hernandez-Salgado, C., Lopez-Malo, A., Barbosa-Canovas, G. V., Swanson, 

B. G., and Welti-Chnaes, J. 2000. High pressure-processed guacamole. Innov. 

Food Sci. Emerg. Technol. 1: 69-75. 

Pathirana, P. U. A, Sekozawa, Y., Sugaya, S., and Gemma, H. 2013. Changes in lipid 

oxidation stability and antioxidant properties of avocado in response to 1-MCP 

and low oxygen treatment under low-temperature storage. Intern. Food Res. J. 

20(3): 1065-1075. 

Pauker, R., Bernstein, S., Popelf, G., and Rosenthalf, I. 1992. An assessment of 

processing potential of avocado fruit. In: California Avocado Society Yearbook. 

76: 137-144. 

Pedreschi, R., Uarrota, V., Fuentealba, C., Alvaro, J. E., Olmedo, P., Defilippi, B. G., 

Meneses, C., and Vargas, R. C. 2019. Primary metabolism in avocado fruit. 

Front. Plant Sci. 10(795): 16p. 

 

 

XVI 



 

Perez, K., Mercado, J., and Soto-Valdez, H. 2004. Effect of storage temperature on 

the shelf life of Hass avocado (Persea americana). Food Sci. Technol. Inter. 

10(2): 73-77. 

Peryam, D. R. and Pilgrim, F. J. 1957. Hedonic scale method of measuring food 

preferences. Food Technol., 11: 9–14. 

Pesis, E., Ackerman, M., Ben-Arie, R., Feygenberg, O., Feng, X., Apelbaum, A., 

Goren, R., and Prusky, D. 2002. Ethylene involvement in chilling injury 

symptoms of avocado during cold storage. Postharvest Biol. Technol. 24: 171– 

181. 

Pisani, C., Ritenour, M. A., Stover, E., Plotto, A., Alessandro, R., Kuhn, D. N., and 

Schnell, R. J. 2017. Postharvest and sensory evaluation of selected „Hass‟ x 

„Bacon‟ and „Bacon‟ x „Hass‟ avocado hybrids grown in east-central Florida. 

Hortscience. 52(6): 880–886. 2017. doi: 10.21273/hortsci11375-16. 

Pokharkar, V. G., Sonawane, K. G., and Kadam, S. A. 2017. Economic analysis of value 

added product phule drinks (mango). Indian J. Econ. Dev. 13(2a): 486-489. doi: 

10.5958/2322-0430.2017.00122.6. 

Powell, A. W. G. 1988. Shrink-wrap of avocados in combination with waxing and 

fungicide. In: South African Avocado Growers’ Association Yearbook 1988. 

11:39-40. 

Quispe-Condori, S., Saldana, M. D. A., and Temelli, F. 2011. Microencapsulation of 

flax oil with zein using spray and freeze drying. LWT-Food Sci. Technol. 44(9): 

1880- 1887. doi:10.1016/j.lwt.2011.01.005. 

Ramírez-Gil, J. G., Franco, G., and Henao-Rojas, J. C. 2019. Review of the concept of 

quality in Hass avocado and the pre-harvest and harvest factors that determine 

it under tropical conditions. Colombian J. Hortic. Sci. 13(3): 359-370. 

doi:10.17584/rcch.2019v13i3.10503. 

Ramirez-Martinez, J. R., and Luh, B. S. 1973. Phenolic compounds in frozen avocados. 

J. Sci. Food Agri. 24: 219-225. 

Rana, S. and Siddiqui, S. 2018. Comparative effect of different individual wrappings 

on shelf life of guava (Psidium guajava). J Food Sci Technol. 55(8): 2935–2944. 

doi: 10.1007/s13197-018-3211-1. 

Ranganna S. 1986. Handbook of Analysis and Control for fruits and Vegetable 

Products (2
nd

 Ed.). Tata Mc Graw Hill publishing company, New Delhi, 1126p. 

Rani, P. and Tripathy, P. P. 2019. Effect of ultrasound and chemical pretreatment on 

drying characteristics and quality attributes of hot air dried pineapple slices. J 

Food Sci Technol. 56(11): 4911–4924. doi: 10.1007/s13197-019-03961-w. 

 

XVII 



 

Rao, D. V. S. and Shivashankara, K. S. 2015. Individual shrink packaging extends the 

storage life and maintains the antioxidants of mango (cvs. „Alphonso‟ and 

„Banganapalli‟) stored at 8 °C. J. Food  Sci.  Technol.  52(7):  4351–4359.  

doi: 10.1007/s13197-014-1468-6. 

Rashmi, H. B., Gowda, I. N. D., and Mukanda, G. K. 2005. Studies on osmo-air 

dehydration of pineapple fruits. J. Food Sci. Technol. 42(1): 64-67. 

Sagar, V. R. and Kumar, S. 2010. Recent advances in drying and dehydration of fruits 

and vegetables: a review. J. Food Sci. Technol. 47(1): 15–26. 

Salazar, N. A., Alvarez, C. and Orrego, C. E. 2018. Optimization of freezing parameters 

for freeze-drying mango (Mangifera indica L.) slices. Dry. Technol. 36(2): 192- 

204. doi.org/10.1080/07373937.2017.1315431. 

Salgado, J. M. 2005. Smart Food. Sao Paulo: Prestígio Publishing House, 223p. 

Salvador-Reyes, R., and Paucar-Menacho, L. M. 2019. Optimization of the blanching 

time and temperature in the manufacture of Hass avocado pulp using low quality 

discarded fruits. Braz. J. Food Technol., Campinas, 22, e2018244. doi: 

10.1590/1981-6723.24418 

Salveit, M. E. 1997. Physical and physiological changes in minimally processed fruits 

and vegetables. In: Tomas-Barberan F. A. and Robin R. D. (eds). 

Phytochemistry of Fruits and Vegetables. Oxford: Oxford University Press, 

205-220. 

Sanchez, T. M. A. R. 2012. Physiological Behaviour of Avocado (Persea americana 

Mill.) Lorena Variety in the Mariquita Area. National University of Colombia 

Faculty of Agronomy, Graduate School Bogota, Colombia. Available: 

http://www.bdigital.unal. edu.co/6342/1/790700.2012.pdf. [12.Oct. 2021] 

Sansone, F., Mencherini, T., Picerno, P., d‟Amore, M., Aquino, R. P., and Lauro, M. 

R. 2011. Maltodextrin/pectin microparticles by spray drying as carrier for 

nutraceutical extracts. J. Food Eng. 105: 468-476. 

Sarwar, A., Vunguturi, S., and Ferdose, A. 2016. A Study on Smoke Point and Peroxide 

Values of different widely used Edible Oils. Int. J. Eng. Technol. Sci. Res., 3(5): 

271-273. 

Sellamuthu, P. S., Mafune, M., Sivakumar, D., and Soundy, P. 2013. Thyme oil vapour 

and modi※ed atmosphere packaging reduce anthracnose incidence and maintain 

fruit quality in avocado. J. Sci. Food Agric. 93: 3024–3031. 

Shah, S. M., Jalal, A., Rani, R. S. S., Bacha, S. A. S., and Ayub, M. 2020. The 

physicochemical and sensory evaluation of osmo-dehydrated intermediate 

moisture lychee slices. Acad. J. Agric. Res. 8(4): 102-111. doi: 

10.15413/ajar.2020.0102. 

 

XVIII 

http://www.bdigital.unal/


 

Shehzad, K., Wajahat, A., Kamal, T., Muhammad, U. K., and Saleem, G. 2016. 

Preservation of mango slices in sucrose solution with various concentrations. J. 

Food. Microbiol. Saf. Hyg. 1(2): 109-111. 

Shiby, V. K., Babu, K. S., Thorakkattu, P., and Pandey, M. C. 2021. Water vapour 

sorption thermodynamic properties and stability of spray dried avocado 

milkshake powder. Indian J. Dairy Sci. 74(3): 215-223. 

doi:10.33785/IJDS.2021.v74i03.004. 

Shishir, M. R. I., and Chen, W. 2017. Trends of spray drying: A critical review on 

drying of fruit and vegetable juices. Trends Food Sci. Technol. 65: 49-67. 

Sikora E., Bieniek M. I., and Borczak B., 2013. Composition and antioxidant properties 

of fresh and frozen stored blackthorn fruits (Prunus spinosa L.). European J. 

Soc. Sci. Technol. 12(4): 365-372. 

Siriphanich, J. and Kader, A. A. 1985. Effects of CO2 on total phenolics, phenylalanine 

ammonia lyase, and polyphenol oxidase in lettuce tissue. J. American Soc. 

Hortic. Sci. 110: 249–253. 

Smitha, N. K. and Sreeramu, B. S. 2019. Processing and evaluation of avocado (Persea 

americana Mill.) syrup blended with sapota and aloe. J. Pharmacogn. 

Phytochem. 8(1): 2395-2397. 

Soares, H. F. and Ito, M. K. 2015. The monounsaturated fatty acid from avocado in the 

control of dyslipidemia. Med. Sci. J. 9(2): 47-51. Available from: 

http://periodicos.puc.campinas.edu.br/seer/index.php/cienciasmedicas/article/v 

iewFile/1330/1304. [23 Jan. 2021]. 

Soliva, R. C., Elez, P., Sebasti n, M., and Martı n, O. 2000. Evaluation of browning 

effect on avocado purée preserved by combined methods. Innov. Food Sci. 

Emerg. Technol. 1(4): 261–268. doi:10.1016/s1466-8564(00)00033-3. 

Soliva-Fortuny, R., Elez-Martinez, P. Sebastian-Caldero, M., and Martin Belloso, O. 

2002. Kinetics of polyphenoloxidase activity inhibition and browning of 

avocado purée preserved by combined methods. J. Food Eng. 55(2): 131-137. 

Souza, D. S., Marques, L. G., Gomes, E. B., and Narain, N. 2015. Lyophilization of 

avocado (Persea americana Mill.): effect of freezing and lyophilization 

pressure on antioxidant activity, texture, and browning of pulp. Drying Technol. 

33: 194–204. doi: 10.1080/07373937.2014.943766. 

Spalding, D. H. 1976. Storage of avocados. In: Sauls, J. W., Phillips, R. L., and Jackson, 

L. K. (eds), Proceedings of the First International Tropical Fruit Short Course: 

The Avocado. Gainesville: Fruit Crops Dept., Florida Cooperative Extension 

Service. Institute of Food and Agricultural Sciences, University of Florida, 109- 

113p. 

 

 

 

XIX 

http://periodicos.puc.campinas.edu.br/seer/index.php/cienciasmedicas/article/v


 

St. Worcester, G. The Complete Guide to Shrink Film. Industrial Packaging. 108, 

Massachusetts. 29p. Available: https://www.industrialpackaging.com/the- 

complete-guide-to-shrink-film. [12 Nov. 2021]. 

Stepien, A., Witczak, M., and Witczak, T. 2020. Moisture sorption characteristics of 

food powders containing freeze dried avocado, maltodextrin and inulin. Intern. 

J. Biol. Macromolecules. 149: 256–261. 

Tango, J. S. T., Carvalho, C. R. L., and Soares, N. B. 2004. Physical and chemical 

characterization of avocado fruits aiming its potential for oil extraction. 

Brazilian Mag. Fruit Cult. 26(1): 17-23. 

Teng, S. W., Hsiung, T. C., Shyr, J. J., and Wakana, A. 2016. Lipid Content and Fatty 

Acid Composition in Taiwan Avocados (Persea americana Mill). J. Fac. Agric. 

Kyushu Univ. 61(1): 65-70. 

Tesfay, S. Z. 2009. Special carbohydrates of avocado – their function as „sources of 

energy‟ and „anti-oxidants‟. PhD(Hort) thesis, School of Agricultural Sciences 

and Agribusiness, University of KwaZulu-Natal Pietermaritzburg, South Africa 

Torte, C. 2010. A review of osmodehydration for food industry. African J. Food Sci. 

4(6): 303– 324. 

 
Tovar, M.A. O. 2003. Nutritional Value of Fresh Hass Avocado Pulp. Proceeding V 

World Avocado Congress, Spain, pp 741-748. 

Trimble, S. 2020. Natural alternatives for postharvest avocado storage. Felix 

instruments applied food science. [online]. Available: 

https://felixinstruments.com/blog/natural-alternatives-for-postharvest- 

avocado-storage. [Nov. 9, 2021]. 

Tripathi, P. and Sankar, V. 2014. Avocado Cultivation in India –Bulletin. Central 

Horticultural Experiment Station, Indian Institute of Horticultural Research, 

Chettalli. 17p. 

Trujillo-Mayol, I., Badillo-Munoz, G., Cespedes-Acuna, C., and Alarcon-Enos. 2020. 

The relationship between fruit size and phenolic and enzymatic composition of 

avocado byproducts (Persea americana Mill.): the importance for biore※nery 

applications. Horticulturae, 6(91): 13p. doi:10.3390/horticulturae6040091 

Tucunduva, P. S. 2002. Table of Food Composition: Support for Nutritional Decision. 

(2
nd

 Ed.). Sao Paulo: Coronario, 135p. 

Udara. S. P. R., Arachchige, S. J., Ranaweera, A. A. L. T., Ampemohotti, P. K. T., 

Nayanakanthi, D. S. P., Edirisinghe, and Wimalarathne N. R. G. S. S. 2019. 

Preparation of Avocado Butter. Intern. J. Sci. Technol. Res. 8(10): 3527-3530. 

 

 

 

 

XX 

http://www.industrialpackaging.com/the-
http://www.industrialpackaging.com/the-


 

USDA, (United states Department of Agriculture). 2009. Nutritional Database, Release 

22, BARC-West Beltsville, Maryland, 54p. 

USDA, (United States Department of Agriculture). 2011. Avocado, almond, pistachio 

and walnut composition. Nutrient Data Laboratory. USDA National Nutrient 

Database for Standard Reference, Release 24. U.S. Department of Agriculture, 

Washington, DC. 

Vargas-Ortiz, M., Servent, A., Rodríguez-Jimenes, G., Pallet, D., and Salgado- 

Cervantes, M. 2016. Effect of thermal stage in the processing avocado by flash 

vacuum expansion: effect on the antioxidant capacity and the quality of the 

mash. J. Food Process. Preserv. 41(5): 8p. doi:10.1111/jfpp.13118. 

Vieites, R. L., Daiuto, E. R., and Fumes, J. G. F. 2012. Antioxidant capacity and post- 

harvest quality of avocado 'Fuerte'. Brazilian J. Fruit Culture. 34(2): 15p. 

Vinha, A. F., Moreira, J., and Barreira, S. V. P. 2013. Physicochemical parameters, 

phytochemical composition and antioxidant activity of the Algarian avocado 

(Persea americana Mill.). J. Agric. Sci. 5(12): 14-17. 

doi:10.5539/jas.v5n12p100. 

Wali, A., Shahnawaz, M., Durrani, Y., Ayub, M., Muhammad, A., Khan, M. R., and 

Khan, H. 2012. Refrigerated storage studies of mango seabuckthorn 

blendedpulp with selected preservative and ginger extract. Int. J. Food Nutr. 

Sci. 1(1): 01-07 

Wang, M., Zheng, Y., Khuong, T., and Lovatt, C. J. 2012. Eff ect of harvest date on the 

nutritional quality and antioxidant capacity in „Hass‟ avocado during storage. 

Food Chem. 135: 694–698. 

Werman, M. J. and Neeman, I. 1986. Oxidative stability of avocado oil. J. American 

Oil Chem. Soc. 63(3): 355-360. 

Wiley, R. C., and Stembridge, G. E. 1961. Factors influencing apple texture. In: 

Proceedings of the American Society for Horticultural Science, 77: 60-72. 

Wolstenholme, B.N. 1986. Energy costs of fruiting as a yield-limiting factor with 

special reference to avocado. Acta Hort. 175: 121–126 

Woolf, A. B., Cox, K. A., White, A., and Ferguson, I. B. 2003. Low temperature 

conditioning treatments reduce external chilling injury of “Hass” avocados. 

Postharvest Biol. Technol. 28(1): 113–122. 

Woolf, A. B., Wibisono, R., Farr, J., Hallett, I., Richter, L., Oey, I., Wohlers, M., Zhou, 

J., Fletcher, G. C., and Requejo-Jackman, C. 2013. Effect of high pressure 

processing on avocado slices. Innov. Food Sci. Emerg. Technol. 18: 65–73. 

 

World Health Organization (WHO). 2012. Bulk density and tapped density of powders. 

In: International Pharmacopoeia (4
th

 Ed.). WHO, Geneva, Switzerland, 6p. 

XXI 



 

Xuan, T. D., Gangqiang, G., Minh, T. N., Quy, T. N., and Khanh, T. D. 2018. An 

overview of chemical profiles, antioxidant and antimicrobial activities of 

commercial vegetable edible oils marketed in Japan. Foods. 7(21): 14p. 

doi:10.3390/foods7020021. 

Yadav, A. K. and Singh, S. V. 2014. Osmotic dehydration of fruits and vegetables: a 

review. J. Food Sci. Technol. 51(9): 1654–1673. doi:10.1007/s13197-012- 

0659-2. 

Yahia, E. M. and Woolf, A. B. 2011. Avocado (Persea americana Mill.). In: 

Postharvest Biology and Technology of Tropical and Subtropical Fruits. 

Woodhead Publishing Limited, Cambridge, UK, pp. 125–185. 

Yahia, E. M., Carrillo-López, A., and Bello-Perez, L. A. 2019. Carbohydrates. 

Postharv. Physiol. Biochem. Fruits Veg. 175–205. doi:10.1016/b978-0-12- 

813278-4.00009-9. 

Zhou, T., Xu, S., Sun, D. W., and Wang, Z. 2002. Effects of heat treatment on 

postharvest quality of peaches. J. Food Eng. 54(1): 17-22. doi: 10.1016/S0260- 

8774(01)00179-0. 

Zouheira, D., Kai, J., Dairou, H., Beack, S. S. B., Mba, J. P., Kognou, A. L.M., Weyepe, 

F. C. L., Tchamgoue, A. D., Tchokouaha, L. R. ., Abdou, J. P., Toukam, P. D., 

Gbaweng, Y.A. J., Kopa, T. K., Kopa, T., Tarkang, P. A., Tchinda, A. T., and 

Agbor, G. A. 2018. Antioxidant capacity of oils of avocado varieties from 

Cameroon and Hawaii. Sch. Acad. J. Biosci. 6(4): 335-340. doi: 

10.21276/sajb.2018.6.4.6. 

Zzaman, W., Biswas, R., and Hossain, M. A. 2020. Application of immersion pre- 

treatments and drying temperatures to improve the comprehensive quality of 

pineapple (Ananas comosus) slices. Heliyon. 7(1): 12p. 

https://doi.org/10.1016/j.heliyon.2020.e05882. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

XXII 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

APPENDICES 



i  

APPENDIX I 

 

Media composition 

 
1. NUTRIENT AGAR MEDIA (FOR BACTERIA) 

Beef extract : 3 g 

Peptone : 5 g 

 
Sodium chloride : 5 g 

 
Agar : 18g 

 
Distilled water : 1000ml 

 
pH : 6.8-7.2 

 
2. ROSE BENGAL AGAR MEDIA (FOR FUNGUS) 

Papaic digest of soyabean meal : 5 g 

Dextrose : 10 g 

 
Monopotassium phosphate : 1 g 

Magnesium sulphate : 0.50 g 

Rose Bengal : 0.05g 

 
Agar : 15 g 

 
pH : 5.6 

 
3. SABAURAUD DEXTROSE AGAR (FOR YEAST) 

Mycological peptone : 10 g 

Dextrose : 40 g 

 
Agar : 15 g 

 
Distilled water : 1000 ml 

 
pH : 5.6 



ii  

APPENDIX II 

 
Score card for organoleptic evaluation of green chilies 

 
Name of the judge: 

 
Date: 

 

 
 

Characteristics 

Score 

T0 T1 T2 T3 T4 

Appearance      

Colour      

Texture      

Odour      

Overall 

acceptability 

     

 
9 point Hedonic scale 

 

Like extremely 9 

Like very much 8 

Like moderately 7 

Like slightly 6 

Neither like nor dislike 5 

Dislike slightly 4 

Dislike moderately 3 

Dislike very much 2 

Dislike extremely 1 
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ABSTRACT 

Avocado is a subtropical fruit crop, belonging to the family Lauraceae, and is 

rich in proteins, vitamins, minerals and monounsaturated fatty acids such as oleic acid, 

contributing to its high nutritive and therapeutic value. Even though there are a large 

number of genotypes with widely varying characteristics, inadequate characterisation 

and identification result in the lack of awareness, improper utilisation and insufficient 

post harvest management of avocado. Hence, the present study titled, „Post harvest 

characterisation and management of avocado (Persea americana Mill.)‟ was carried 

out in the Department of Post Harvest Technology, College of Agriculture, 

Vellanikkara during 2018-2021. The main objectives of the study were to characterise 

avocado accessions collected from different parts of Kerala and to evaluate the effect 

of post harvest management practices to extend the shelf life of avocado fruits and to 

study the effect of food additives on the quality of frozen slices, fruit pulp, freeze dried 

fruit powder and subsequently to standardise an instant avocado fruit shake. 

For the characterisation of avocado genotypes, 27 accessions were collected, 

among which 14 accessions were from RARS, Ambalavayal in Wayanad and 12 from 

Kanthaloor in Idukki and one accession was collected from Thanniyam in Thrissur. 

Characterisation of avocado genotypes based on the horticultural and biochemical 

traits, accession 25 from Idukki had comparatively higher TSS, vitamin C, total 

carbohydrates, total flavonoids, oleic acid, calcium, potassium, iron, total ash and crude 

fibre content. Hence, accession 25 was selected for subsequent post harvest 

management studies. Antioxidant activity of the methanolic extract of fresh fruit of 

accession 25 was evaluated by DPPH, FRAP and ABTS assays. Greatest free radical 

scavenging activity was observed in ABTS assay with lowest IC50 value of 0.10 μg/mL. 

Fresh and mature avocado fruits, surface sanitised with 2 ppm ozone and pre- 

treated with 2 % calcium chloride, followed by shrink packaging with 25 μ polyolefin 

film and subsequently stored in refrigeration (T8) as well as cool chamber (T9) were 

found to be the ideal storage conditions with longest shelf life of 27 days. Calcium 

chloride pre-treated fruits with shrink packaging, stored under refrigeration had lowest 

physiological loss in weight, respiration rate, ethylene evolution rate and decay per cent, 

with better retention of firmness. Fruits of this treatment retained significantly higher 

total carbohydrates, total protein and total phenols during storage. 



 

Avocado slices pre-treated with 40 % sucrose, ascorbic acid (0.5 %) and 

potassium metabisulphite (0.1 %), quick frozen to -20 ºCin 30 minutes followed by 

packing in 200 gauge LDPE pouches and held under frozen temperature (-18 
0
C) was 

the most ideal pre-treatment for storage. This treatment recorded significantly higher 

TSS, vitamin C, total carbohydrates, total protein and organoleptic acceptability 

throughout storage and lowest water activity, peroxide value and microbial population. 

For preparation and storage of avocado pulp, pre-treatments with ascorbic acid 

(0.5%) and KMS (0.1%) followed by vacuum packaging LDPE bags (T10) as well as in 

glass jars (T12), stored under refrigeration resulted in longest shelf life and better 

quality. Total protein, total phenols, total carbohydrate, total fat, viscosity and 

organoleptic scores were highest in these treatments with lowest water activity, 

polyphenol oxidase activity and microbial population during storage. 

For preparation of avocado fruit powder, addition of 5% maltodextrin, ascorbic 

acid (1%), tricalcium phosphate (0.15%), EDTA (0.05%) and potassium sorbate 

(0.05%) followed by freeze drying at -70 ºCand 100 mtorr vacuum for 36 hours 

followed by packing in LDPE laminated aluminium pouches (T14) and glass jars (T16) 

stored under refrigeration were the ideal methods with longest shelf life and quality. 

Significantly higher bulk density, solubility, colour value L*, TSS, vitamin C, total 

carbohydrates, total fat and organoleptic scores were recorded in these treatments 

during storage along with lowest hygroscopicity, colour value a* and b*, peroxide 

value, water activity and microbial population. 

An instant avocado shake was standardised by combining avocado fruit powder 

with skimmed milk powder, sucrose and water in the proportion of 1:2:1:2 with 

appealing appearance, light yellowish colour, unique blend of taste and flavour of 

avocado fruit and skimmed milk powder. 
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(sraeajDceQDGajuo njc/brj (D)(^DODce6)^(TDfijn(D^o
CTDo@C?ndB5)^(TD(D)lcD^o, (STdmyGcfeD(1)6^/1003 (Glf9)CTinaj[y (0.5%), Qcflbf^Qort^fRJ
(0.1%) rL0fTTflOJCQ)ceQ QUdr^o OJDdBaJo nJDCdBOSloO) n4)(0^(U)1rJl^
GTUDC/)^cft)g^o SDO^dBbgloJ^o (/alrtJlldBDfOGmfQYoTllO^
cn)^cfi^1^1m1ceQ^aD (nJl-tslgoacoo^cfec/?) cl^qoj^o oflga^gg
(TUof§a6m(S(yaranoQ)^o, aldBa^j mlejojDaoj^o cfiiDGml^la^cTT)^.
oaDfinroo (S(nJD§1n?), oaDfOYOo oiflGnDOo?), oaDcoYOo
jftor2)G6ajDOQar)(S(ajUQ, QQDfijYOo OdajDy^fJ", ojlarucdajDcrulgTl,
633f2)(/)3GfDDOaJnJQlceD (TOQADO^AiUb ^rvjo rv^QOJ^o dBb^OGTmO) SQJ
(^nJOJf?»fiJrWOnOJ^o (SoJDg10ri£l(S(DDC/?) GDcfeOnflCflDCrU (oJOJf^KUYOfDaj^o
CTDogaGm CTDaODfiJYD) (n)^d&fflas1oj1cfi3g^0S S(D(TDoQJjCQ)^o ggg ̂
jJldaTlfim) a1d034j(U)DCQ;1a^(TD^.

(0Td(2OJDceQD(SaiJD oJIDOJUf?) (D)(^DODd0Q^CTT)(Ori(DDOQ)l, 5%
0Dcy?)G§DGai)c&fny(,s1n?), (GT3cnjCc&Df?>6Qi1cfe er^ininajo (i%),
(sldaofo^crulca)© Q^noccoQc^q (0.15%), ̂ cu)1s1n.0 (0.05%), 6)nJD§Dcnjjo
(SnrUDf?)GGTllQ (0.05%) C^(t)(DYO) -70 °C 63r^o 100 mtorr
(/a,^CDjfij)C]Q)laj^o 36 aofDlcfiO^f?) Gcoao aaoilnjl^^ gGnodaol, ldpe
QjDalGCDQnjj (GrdOJ^alcTfloDo (ti4), ̂ ooro soo^cfeo?) (ti6)
aQ)nnr)lojcQ)l(o^ nJOSQ QjiK^^db (/a1(D)1(fea6m(OYofl(D^

e^JDsHoB^as ooBfi^ejjeaoIca)
(G^QD^ciji^^o cn^GmGanaou^a^gg (GTdOD^GCQJDSjaDCQ)
aDr2)^6W3gDCQi1a^(TD^. (/)6mjaDCQ)n gayf^cTD GcuubSQ oaun^xrulQl,
ccTDDgGTinQriQl, cflagf?) a^QJ^o n.^c?5^*, s1n^(run.0cru, ojlQDaln?) crul,
OaDflSYmo cBDDf2)G6nJD6)6)oDG(aJDQCnJ, OaDfiJYOlo OcfisDy^rJ",
GBDrtjCOOCCnOO&JnJQldBD CTU Gd9DDO^c03C/?) fi^CnflOJ ^7) ̂ncftHajn)003^1(0^
Ga61JOoJS^(OYOflCQ;n§^6rig, des^SDOfiJ) n^QOJ^o (flj^OGTOYO)
OOriOG^CDDO^GcflDDryimflQl, cfiagf?! a^QJJo a*, b*, QnJGODdbQQCTDCU)
a^ejjo, sej (rurufartjirmfno, nru^da^MasloildaDg^os gcncruoGLijCQJ^o.

1:2:1:2 <^Cm (Gl0nr)^nJD(n)fOYOfl(O^ (GTaGOJDcfiQDCaJUD nJHOJUO^o

fr0(ftrioajj alto^dBO rU'sajuo^o (m^Gtc&Dnru^o orug^ru^o
(fjr§)d9Df?>r0dd93aDOQ) a^njoj^o aGTmoceaejf^xTT) nrflooj^o
(grsGruDdaoDGOJOD rtjyroYijflmQoay^o orudBslofuy oJD&flfDooay^o
(rooilGoaraiaDCQ) a^jJIcsD^o (tujdg^o OdfeDGns Ga^ fDia^d&aiGrD
(GrdGruDcBaDGODD GrflJceo ^Dn?)GajUf2>aiy ojljcq; (O^.

I


