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b) Soil: Soil on which the fruit tree is grown affects the time of maturity. e.g. Grapes are 

harvested earlier on light sandy soils than on heavy clays. 

 

c) Size of planting material: This factor in propagated fruits affects fruit maturity. e.g. In 

pineapple, the number of days taken from flowering to fruit maturity was more by planting 

large suckers and slips than by smaller ones. 4. Closer spacing: Close spacing of hill 

bananas hastened maturity.  

 

d) Pruning intensity: It enhanced the maturity of Flordasun and sharbati Peaches. 

 

e) Girdling: Process of constricting the periphery of a stem which blocks the downward 

translocation of CHO, hormones, etc. Beyond the constriction which rather accumulates 

above it. In Grape vines it hastens maturity, reduces the green berries in unevenly 

maturity cultivar and lowers the number of short berries. It is ineffective when done close 

to harvest. CPA has an additive effect with girdling. 

 

1.2.2. Maturity index 

The factors for determining the harvesting of fruits, vegetables and plantation crops 

according to consumer’s purpose, type of commodity, etc and can be judged by visual 

means (colour, size, shape), physical means (firmness, softness), chemical analysis (sugar 

content, acid content), computation (heat unit and bloom to harvest period), physiological 

method(respiration). These are indications by which the maturity is judged. Various indices 

are as Follows;  

 

a) Visual indices: It is most convenient index. Certain signals on the plant or on the fruit 

can be used as pointers. E.g. drying of top leaves in banana, yellowing of last leaf of 

Peduncle in jackfruit. Flow of sap from cut fruit stalk of mango slows down if the harvest 

is done after maturity but in immature fruits, exudation is more and comes with force in a 

jet form. in papaya, the latex becomes almost watery. The flow gets reduced on maturity 

in Sapota. In fruits like banana and Sapota, floral ends become more brittle and shed 

with a gentle touch or even on their own. In Sapota, the brown scurf on the fruit skin 

starts propping. In mango, lenticels become more prominent and the waxy bloom 

gradually disappears. Grapes develop translucent bloom. Other changes like angularity 

in banana, development of creamy wide space between custard apple segments and the 

flattening of the eyes in pineapple and tubercles in litchi serve as reliable maturity 

indices. 
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b) Seed development: It can also be used as an index of fruit maturity, e.g. endocarp 

hardening for stone and fiber development for dessert in mango.  

 

c) Start of bud damage: Occasionally it can be used as an index of fruit maturity in mango.  

 

d) Calendar date: For perennial fruit crops grown in seasonal climate which are more or 

less uniform from year to year, calendar date for harvest is a reliable guide to commercial 

maturity. This approach relies on a reproducible date for the time of the flowering and a 

relative constant growth period from flowering through to maturity. Time of flowering is 

largely dependent on temperature, and the variation in number of days from flowering to 

harvest can be calculated for some commodities by use of the degree- concept. 

 

e) Heat units: Harvest date of newly introduced fruits in a widely varying climate can be 

predicted with the help of heat unit. For each cultivar the heat requirement for fruit growth 

and development can be calculated in terms of degree days: Maturity at higher 

temperature is faster as the heat requirement is met earlier. This heat unit helps in 

planning, planting, harvesting and factory programmes for crops such as corn, peas and 

tomato for processing. 

 

1.2.3. Maturity of Fruits 

a) Banana: A maturity index for Banana varies depending on the variety, proximity of the 

market and mode of transportation. In general, number of days from flower emergence 

(110-150), pulp: peel ratio (1.2-1.6), disappearance of the angles/ribs, thumping sound of 

fruits, brittleness of the floral remnant and it's natural shedding, dullness of the fruit skin 

and odor are used as index for harvesting. For long distance transportation, harvesting is 

done at 75-80% maturity. While harvesting and transporting, Care should be taken to 

avoid direct contact of fingers, which otherwise turn black on ripening. 

 

b) Guava: Guava TSS acid ratio, specific gravity and colour are determined the maturity in 

guava. 

For e.g.: Allahabad safeda - 35.81, Apple colour guava - 26.39, Chittidar guava - 28.13, 

Lucknow - 49 -34.25, Specific gravity - Less than 1, Colour - Light green to yellow. 

 

c) Apple: Apple maturity indices are, TSS of fruit pulp(10.5 -12.5%), ease in separation of 

fruit from spur, and change in ground surface color from green to pale, change in seed 

color to light brown, fruit firmness (18-23 lbs per sq. inch) and number of days from full 

bloom to harvest.  
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d) Custard Apple: Custard apple usually starts bearing fruits at the age of 4-5 years. 

Fruiting declines by about 15th year depending upon orchard maintenance. Custard 

apple produces single crop in a year during August-October in South India and 

September-November in North India. On maturity, fruits turn light green.  

 

e) Fig: Fresh figs should be harvested when they are soft and slightly wilted at the neck 

and droop and little and no milky latex flow at the cut end of the stalk. Sudden increase 

in fruit size and opening of ostiole are other maturity indices.   

 

f) Grape: Grapes are harvested when they are fully ripe (TSS 14 – 17.5 % depending 

upon variety), Grapes do not ripen after harvesting. In seeded grapes, the seeds 

become dark brown when they are fully ripe. In seedless varieties, their characteristic 

berry color develops fully. Grapes should be harvested carefully in order to avoid berries 

separation from bunches 

 

g) Jamun: Fruits take 3-5 months to ripen after full bloom. This is non-climacteric fruit; 

hence it does not ripen after harvesting. Therefore, fully ripened fruits, when they change 

their color from green to deep red or bluish black should be plucked. Fruits are harvested 

daily by hand picking or by shaking the branches and collecting the fruits on a polythene 

sheet. 

 

h) Lemon: Lemons are harvested from (Dec – Jan) in north India and (May – Sept) in 

southern India. Color break of fruits from green to yellow is ideal time for harvesting. 

However, they should be harvested when mature but still green so that their acidity 

remains at the peak. Generally, lemons are harvested with a pole harvester having an 

iron hook and a net at one end. Lemon should have at least 30% juice content by 

volume before harvesting. 

 

i) Litchi: Harvesting of Litchi is usually done in May and June. Generally, Litchi fruits 

mature 50 – 60 days after fruit set. In general, fully ripened fruits are harvested when 

turn to deep red for local markets. However, for distant markets; fruits are harvested 

when they start turning reddish. Fruits harvested at this stage possess excellent fruits 

quality. Maturity of fruits is also determined by the shape of tubercles, which on ripening 

become flattened, and the epicarp become smooth. Fruits are harvested in bunches 

along with a portion of the branch and a few leaves. It prolongs the storage life of fruits. 

After harvesting, fruits should be packed as quickly as possible, as their quality 



Indian Institute of Food Processing Technology   

 Master Trainers Handbook of Fruits and Vegetable Processing 9 
 

deteriorates soon if they are exposed to sun even for a few hours. In packed litchi fruits, 

air should circulate freely. 

 

j) Orange: Fruits should be harvested when they attain full size, develop attractive orange 

color (Minimum 25%) with TSS (optimum sugar: acid blend) (8-10), since it is a non – 

climacteric fruit. Fully ripen fruits when turn to yellow color from green should be 

harvested. The common commercial practice of harvesting is to pull the fruits from the 

branch, which may rupture the skin near the stem end leading to fungal infection and 

subsequent rotting. Therefore, fruits should neither be plucked nor torn off, but should be 

cut off preferably with clipper, shears or secateurs. 

 

k) Mango: The fruits are ready for harvesting after 4 – 5 months of flowering. Since mango 

fruits are climacteric, they can be harvested before ripening but they should be fully 

matured. Fruits should be harvested when the shoulders are filled and change color from 

dark green to light green / light yellow / red for distant markets. However, for local 

markets, fully ripened fruits can be picked. Mangoes should be harvested with pedicel in 

order to avoid latex spots. To protect mango fruits from latex spots, which looks very 

shabby when mango is ripe, their stem end portion should be immediately placed into 

the soil for 30 minutes.  After harvesting, fruits are stored in shady place using hay to 

hasten ripening. Dipping in water can also check maturity in mango. Fruits, which are 

floaters, are considered immature. 

 

l) Papaya: Usually fruits are harvested when they are of optimum size, light green with 

tinge of yellow at epical end. On ripening, fruits of certain varieties turn yellow while 

some of them remain green. However, when the latex ceases to be milky and become 

watery, the fruits are suitable for harvesting. Normally fruits are ready for harvesting after 

9 – 10 months of planting. Fruits are available throughout the year. 

 

m) Pineapple: Pineapple plants flower after 10 – 12 months of planting and fruits become 

ready for harvest after 15 – 18 months of planting. Under normal conditions, pineapple is 

ready to harvest during May – August. For the fresh market fruits should be harvested 

when they change color to golden yellow from green. However, for canning, fruits should 

be harvested with a slight color change at the base. The fruits with the crown can be 

kept without damage for 10 –15 days after harvest. 

 

n) Pomegranate: Pomegranate being non – climacteric fruit should be picked when fully 

ripe. Harvesting of immature or over mature fruits affect quality. The fruits become ready 
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for picking after 120 – 130 days of fruit set. The calyx at the distal end of the fruit gets 

closed on maturity. Ripe fruits give a distinct sound of grains cracking inside when 

slightly pressed from outside. At maturity, they turn to yellowish red and get suppressed 

on sides. 

 

o) Sapota: Sapota takes about 7 – 10 ½ months from full bloom to maturity of fruits 

depending on variety and climate. Properly developed fruits have high TSS and sugar 

and reduced acidity, astringency and latex. Maturity is decided on the basis of ease with 

which brown scruff gets off the fruit surface and development of yellowish tinge 

intermixed with corky brown color on the surface of the fruits. At this stage, practically no 

green tissue and milky latex are seen on fruits when scratched with nails. Harvested 

fruits should be cleaned of latex and scurf by washing in clean water to make them look 

attractive 

 

p) Strawberry: Strawberries are generally harvested when half to three fourths of skin 

develops color. For distant shipment green/white and hard berries are harvested. Delay 

in picking usually increases the proportion of overripe and rotted berries. Usually picking 

starts after 6-8 weeks of planting depending upon cultivars and season. Depending upon 

the weather conditions, picking should be done every second or third day. Ripening is 

faster in hot weather. Do not leave any ripe or rotten berry in the field. Berries should be 

picked along with a small stem portion attached. Picking should be done preferably in 

the morning hours, this facilitates better shelf life 

 

q) Sweet Orange: Since sweet orange is a non – climacteric fruit, there is no improvement 

in color, taste and flavor after harvesting. Therefore, fruits should be harvested when 

they are fully ripe and attain proper size, attractive color and acceptable sugar: acid ratio. 

Main harvesting season in north India is from Dec – Feb, while in south India, it is Oct – 

Mar. Usually when fruits develop color to yellow / golden yellow, they should be plucked. 

 

1.2.4. Maturity of Vegetables 

a) Drumstick: Normally drumstick starts bearing fruits from 6 – 8 months onwards after 

planting. Green colored, tender fruits should be harvested. Delayed harvesting leads to 

fibrous fruits with over mature hard seeds inside. 

 

b) Garlic: Garlic becomes ready for harvesting when its top turn yellowish or brownish 

showing signs of drying up and bending over. The bulbs mature after 130 – 180 days of 

planting depending upon cultivars and season. Early harvesting results in poor quality 
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bulbs where loss due to driage is more. Delayed harvesting results in splitting and 

sprouting in field itself. After harvesting curing is done in the field for about a week with 

tops to remove excess moisture and to allow the bulbs to become compact and to go 

into dormant stage. Bulbs are also cured in the shady place for about 7 – 10 days with or 

without tops, leave top 2.5 cm above the bulbs to avoid sun injury. After curing the bulbs 

are graded. The thick necked, splitted, injured, and diseased or bulb with hollow cloved 

are sorted out and then packed in Hessian bags. Bags can be stored at ambient 

temperature with 60-70% relative humidity. Humidity more than 70% is not suitable for its 

storage as it favors the mould growth. 

 

c) Ginger: The crop is ready for harvesting in about 8 months after planting depending on 

variety, when the leaves turn yellow and drying up. Rhizomes are washed thoroughly in 

water 2 – 3 time to remove the soil and dirt and sun dried for a day.  

 

d) Green Peas: The quality of the green pea depends on sugar content and tenderness of 

the pods. Pods should be tender with high sugar content and filled with tender peas. 

During maturity sugar content decreases rapidly and starch and other compounds 

increase. Toughness of seed coat also increases with maturity. Toughness of seed coat 

and firmness of pulp are indices of maturity and measured by tenderometer. Values of 

tenderometer / texturometer increase with maturity and are negatively correlelated with 

quality. Tenderometer reading at optimum maturity of peas will be between 100 and 110. 

In general, the pods should be deep green, plump but not overly swollen, smooth and 

turgid. Slight yellowing indicates peas are starchy, tough and over mature. Seeds must 

be dark green and round. 

 

e) Jack Fruit Tender: Jack fruit are harvested when it is green in color, tender and well 

grown and the fruit maturity is judged by dull sound and appearance. Fruits should not 

have prominent spines. 

 

f) Onion: Onion is ready for harvesting in 3-5 months after transplanting depending upon      

cultivars. The optimum time for harvesting bulbs for fresh sale or for storage is when 

neck tissues begin to soften and leaves start discoloring and falling. The optimum time is 

one week after 50% leaves have fallen or when leaves start turning yellow and becoming 

dry at the top. Harvesting of immature bulbs result in sprouting and shriveling with poor 

storage life and delay in harvesting results in splitting, doubles, sunburn and formation of 

secondary roots during storage. After harvest, the crop is spread in the field for about 2-4 

days for drying 
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g) Potato: Potato crop is ready for harvesting after 75 – 120 days of sowing depending 

upon cultivars and season. The crop should be harvested when leaves start yellowing 

and drying up. If harvesting is delayed, it is best to leave the soil dry and irrigate the field 

lightly about the time of harvest. Digging of tubers should be done carefully to avoid 

damage/cuts and bruises to the tubers.  

 

h) Tomato: The stage of harvesting depends upon the purpose for which they are grown 

and the distance they are to be transported. The various stages recognized are 

immature green, mature green, breaker, pink, full ripe and over ripe. For long distance 

markets tomatoes, at mature green or breaker stage with waxy gloss, for local markets, 

tomatoes at pink (30-60% of the surface shows pinkish red or red) and full ripe stage 

(>90% of the surface shows red color) and for processing, tomatoes at over mature 

stage are picked. 

 

1.2.5. Composition of fruits and vegetables 

Vegetables and fruits contain a high amount of water. They also contain carbohydrates, 

dietary fibre, protein, vitamins and other nutrients that are important for human health. 

Lettuce, cucumbers and leafy vegetables contain about 95% water, therefore only 5% of 

their mass is dry matter. Hard vegetables like carrot and pumpkin have around 12-15% dry 

matter. 

 

a) Carbohydrates: Carbohydrates are the main component of vegetables and fruit 

represent more than 90% of their dry matter. Carbohydrates are present as starch, 

sugars and dietary fibre. Starch is mainly found in root vegetables, such as potatoes and 

sweet potatoes. Sugars are found primarily in cytoplasm and ranges from about 0.9% in 

limes to 16% in figs. Sucrose content ranges from a trace in cherries grapes and 

pomegranate to more than 8% in ripe bananas and pineapples. 

 

b) Lipids: Lipids are in vegetables in low amounts (0.1-2%). Lipids are very important 

because they make up surface wax, which ontributes to fruit appearance and cuticle 

which protects fruits against water loss and pathogens. Denaturation of fattyacids occurs 

upon chilling, in chilling sensitive fruits, in which case, membrane undergo a phase 

change at chilling temperatures, resulting in disruption of normal metabolism. Among the 

saturated fatty acids, palmitic, myristic, and stearic acids can be found in peas, beans, 

and spinach, and low amounts of saturated fatty acids are in almonds and peanuts. Of 

the monounsaturated fatty acids, oleic acid was identified in peas and palmitoleic acid in 

spinach (23%). The polyunsaturated fatty acid omega-3 is found in soybeans and beans. 
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Moreover, soybean is a known source of lipids (47 mg/100 g; with a linoleic to linolenic 

acid ratio of 7.5:1) and glycerophospholipids such as lecithin. 

 

c) Proteins: The protein content of most vegetables ranges from 0.5 % to 1.5 %; the 

exceptions are green legumes (5–6 % in peas and beans) and dried legumes (20–34 % 

in lentils, dried beans, and soybeans which contain globulin-type protein: phaseolin in 

beans, legumelin in peas and lentils, and glycine in soybeans). From a nutrition point of 

view, soybean proteins are incomplete proteins because they contain all of the essential 

amino acids but not in equal proportion (methionine and lysine are in limited amounts). A 

protein is considered incomplete if it contains all essential amino acids but not in equal 

proportion, such as dried legumes which has methionine in limited amounts, or if it is 

missing one or more essential amino acids. Soybean is used to make flour and 

concentrate/protein isolates are used in the food industry for the production of soy milk, 

energy drinks, and other products 

 

d) Minerals: Vegetables contain minerals, mainly K, Ca, Mg, P, and Fe. They also contain 

traces of oligoelements (Cr, Cu, I, F, Zn, Mg, Mo, and Se), which are absorbed from the 

soil together with water; therefore, their proportions vary. Ca is found in vegetables such 

as cabbage, cauliflower, broccoli, parsley, onions, peas, and beans (with an absorption 

rate >50 %). Soybeans and beans contain relatively large amounts of Ca. Oxalic acid in 

spinach and tomatoes limits the bioavailability of minerals by forming insoluble calcium 

oxalate salts. Ca:P ratios are optimal in cabbage, lettuce, and onions which helps their 

uptake. The vegetables provide < 30 % of P needed by the body. Phosphorus has been 

identified in dried legumes in the form of phytic acid, which forms insoluble complexes 

with a predatory effect on Ca, Fe, Zn, and Mg. It plays a major role in carbohydrate 

metabolism and energy transfer. Potassium is the most abundant mineral found in fruits. 

Because of the high content of water and K, vegetables in general have a diuretic effect. 

Important sources of K are dried beans (1,500 mg/100 g), spinach (700 mg/100 g), and 

potatoes (500 mg/100 g). 

 

e) Vitamins: The amount of vitamins in a vegetable depends on its type, ripening stage, 

the soil it grows in, and mode of conservation. Vitamin C from vegetables is more active 

than synthetic vitamin C, and when accompanied by vitamin P and other antioxidants, its 

uptake is enhanced. Vitamins and minerals have a significant presence in most green 

vegetables. Large amounts of ascorbic acid (vitamin C) are found in leafy greens and 

some vegetables (tomatoes and peppers), tubers (asparagus and potato), and bulbs 

(onions). The concentration of vitamin C in vegetables depends on the development and 
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maturation of crops. Vitamin C is present in higher quantities in the shell than in the core, 

so when the outer layer is removed vitamin C is lost. The presence of vitamin C in plants 

depends on ascorbic oxidase activity (metalloenzymes containing Cu), which oxidizes 

vitamin C to dehydroascorbic acid with reduced vitamin activity or to compounds with no 

vitamin activity (dicetogulonic acid). The amount of vitamin C is inversely proportional to 

the amount of ascorbic oxidase. Vegetables with a high proportion of ascorbic oxidase 

(cucumbers, zucchini, and carrots) are almost devoid of vitamin C. Vitamin C in the form 

of dehydroascorbic acid is found in red pepper, parsley, dill, and horseradish. 

 

Deficiency in Fe and vitamin C may affect the status of folic acid in an organism. Vitamin 

B1 is in legumes (dried beans at 0.6 mg%), leafy vegetables (spinach and lettuce), 

cabbage (0.5–1.5 mg%), and potatoes (0.56 mg%). B2 is found in green leafy 

vegetables (broccoli, spinach, and parsley at 0.2–0.3 mg%) and pulses (lentils at 0.2–0.3 

mg%). Niacin in the form of nicotinic acid is in dried legumes (2–3 mg% in lentils) and 

other vegetables such as potatoes, tomatoes, eggplant, spinach, cauliflower, green 

peas, and beans. The most important plant sources of vitamin B5 are broccoli, potatoes, 

and tomatoes. Vitamin B6 is present in pulses (soybeans, lentils, and beans) and 

vegetables such as potatoes, cauliflower, and spinach. The bioavailability of vitamin B6 

in vegetables is lower than that in animal sources because it is affected by long-term 

storage, prolonged heat treatment, and freezing techniques. Vitamin B7 (H) is in 

vegetables such as cabbage, spinach, beans, peas, carrots, and tomatoes. Leafy green 

vegetables (spinach, lettuce, broccoli) are a good source of folic acid (vitamin B9), which 

is also found in potatoes and pulses. Reduced B9 from vegetables is oxidized and 

destroyed at a rate of 50–90 % during boiling. The bioavailability of B9 varies depending 

on the presence or absence of B9-conjugated metal chelates, inhibitors, and chelating 

agents (B9-linked vegetables), the form of which determines an individual’s nutritional 

status. B9 uptake from lettuce is twice as small as that of yeasts or bananas. 

Cyanocobalamin (vitamin B12) is found in vegetables in small amounts and is 

synthesized by bacteria. Vegetarians have lower circulating concentrations of vitamin 

B12 after 5–6 years if they do not take a supplement. 

 

Vitamin D is found in vegetables, with the highest content in spinach and cabbage. 

Tocopherols/tocotrienols are synthesized only by plants, with the oils extracted from 

plants being the richest sources. Soybean oil contains 80–95 % α-tocopherol/γ-

tocopherol. Vitamin E, known for its role as an antioxidant, is in seeds, legumes, spinach, 

lettuce, peas, cabbage, and celery. Vitamin K is found in green leafy vegetables such as 

parsley, spinach, broccoli, lettuce, turnips, and cabbage (40–50 % of total intake). The 
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bioavailability of vitamin K1 depends on the vegetable (e.g., higher in broccoli than in 

spinach) and the composition of the diet (e.g., the addition of fats increases absorption). 

 

f) Pigments: The attractive colour of the many fruit is due to sugar derivate of 

anthocyanins. At the time of ripening, loss of chlorophyll and accompanied by synthesis 

of anthocyanins or carotenoids which present in vacuole and chloroplast, respectively. 

• Anthocyanins-gives colour from red to blue 

• Carotenoids-are synthesized in green tissue 

 Eg. Beta-carotene and lycopene 

 

Phenolics and antioxidants: Major class of plant compounds, it comprising of anthocyanins, 

leucoanthocyanins, anthoxanthins, hydroxybenzoic acids, glycosides, sugar esters of quinic 

and shikimic acids, esters of hydroxycinnamic acids and coumarin derivatives. The phenols 

are impotent in determining the colour and flavour of the fruit. Phenols are by products of the 

metabolism of the amino acids and contribute the sensory qualities of the fruits (colour, 

astringency, bitterness and aroma) and play the vital role in the resistance to attack of 

pathogen and stress. It is known for its antioxidant activities.Organic acids impart taste and 

flavour. The major acids are malic (apple), citric(citrus), tartaric(grape), quinic, succinic and 

shikimic acids. Organic acids plays important role in - photosynthesis and respiration.  

 

1.3. Supply Chain of Fruits and vegetables 

A supply chain is a network of producer/supplier, manufacturing assembly, distribution and 

logistics facilities that perform the functions of procurement of materials, transformation of 

these materials into intermediate and finished products, and the distribution of these 

products to the customers. Supply chains are principally concerned with the flow of products 

and information between supply chain member organization- procurement of materials, 

transformation of materials into finished goods and distribution of these products to end 

customers. These supply chains are enabling organizations to reduces inventory and costs, 

add product value, extend resources, accelerate time to market and retain consumers.  

 

Supply chain of perishable food products or fresh fruits and vegetables constitute the 

processes from production to delivery of the agri-fresh produce (farmer to customer). The 

supply chain of fresh fruits and vegetables is complex compared to other supply chains due 

to the perishable nature of the produce, high fluctuations in demand and prices, increasing 

consumer concerns for safety and quality and dependence on climate conditions. The supply 

chain involves different people such as farmers/producers/importers, local 

traders/wholesalers/commission agents, transporters, processors, retailers, exporters etc. 
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The fruit and vegetables reach the consumer through a chain of intermediaries who carry out 

different functions such as transfer of ownership of commodities, movement, maintenance or 

preservation of quality and quantity, payments and delivery to consumer. All these links or 

intermediaries constitute the supply chain of the fruits and vegetables. 

 

1.3.1. Different types of models in supply chain  

There are three different types of models in supply chain of fruits and vegetables in India 

(Halder and Pati, 2011). 

a. Traditional supply chain 

b. Hub and Spoke Model 

c. Value chain model   

a) Traditional supply chain: Common type of supply chain followed in India. It involves 

agents (commission agents), auctioneers, wholesalers, traditional retailers (carts, 

roadside shops, pavement shops, etc). Farmers are the producers and source of fruits 

and vegetables. Here the local traders or auctioneers and commission agents perform 

the function of aggregators who procure from small farmers and sell to mandi. Large 

producers sell directly to local mandi without local agents help.  The wholesalers buy 

from mandis, transport and sell to retailers at different locations.  

 

 

 

 

 

 

 

 

 

Fig. 1.1: Traditional supply chain (Source: Halder and Pati, 2011) 

 

b) Hub and Spoke model: This type of supply chain is followed by organized retailers such 

as Food bazaar, spencer’s retail, more and others. Only few players involved in 

Growers Middle man Commission Agent/Trader 

Wholesaler Retailer Consumer 

Processor 
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comparison to traditional supply chain. Famers, organized retailers, wholesalers and 

customers are partners in this supply chain. Buying centres, hubs and stores are 

operational units. Small farmers and contract farmers are the main source of supply. 

They collect the fruit and vegetables directly at the buying centres and then transport to 

hub, and distributed to the retail outlets. To meet the demands, they also buy from the 

local wholesale markets. 

  

 

Fig. 1.2: Hub and spoke model (Source: Halder and Pati, 2011) 

 

c) Value chain Model: Procure fruits and vegetables directly from farmers through contract 

farming or taking the farm on lease and sell to consumers without intermediaries. It 

mainly involves backward integration and focused towards building the entire supply 

chain. In involves only few partners, i.e, farmers/producers, organized 

retailers/processors and consumers.  

 

 

Fig. 1.3: Value chain model (Source: Halder and Pati, 2011) 
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Below are few examples of the supply chain 

 

 

 

 

 

 

 

 

Fig. 1.4: Supply chain in food industries 

 

 

 

Fig. 1.5: Mango Supply chain (Source:IIFT, GoI) 
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Fig. 1.6: Apple Supply chain (value Chain) in Himachal Pradesh (Source; IIFT, GOI) 

 

1.4. Pack House Handling of Fruits and Vegetables 

The harvested or procured produce is often brought to a common facility for preparation and 

storage pending transport to market. In its various forms, this facility is referred to as a 

packing-shed, a pack-house or a packing-house. A packing-house can be defined as “a 

designated facility where fresh produce is pooled and prepared in order to meet the 

requirements of a target market. The packing-house is the site or location where, post-

harvest treatments are applied and quality standards are monitored. Pack houses can be 
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used by producers, importers, co-operatives or clusters, traders, exporters and processors. 

Pack house have certain benefits such as; increased productivity of workers, extend produce 

shelf life and improved produce quality.  

 

1.4.1. Functions of a pack house 

The packing-house system integrates components (raw materials, utilities, technologies, 

equipment and personnel) that function together to prepare produce for the market. It serves 

as a control point where quality management can be applied to assure a reliable supply of 

produce of good quality to consumers. It also serves as a suitable site for the implementation 

of effective strategies to eliminate or minimize microbial, chemical and physical 

contamination.  Apart from the above, it is used as an accumulation or collection point, as a 

temporary holding area prior to distribution and as adispatch point of produce to different 

destinations 

 

A good pack house should have adequate protection from sun and rain, proper flooring, 

good ventilation, good lighting and good handling practices should be implemented. While 

designing a pack house certain considerations has to be taken such as: functionality, quality 

and volume of produce handled, worker safety and comfort, level and scale of operations 

handled, location of the pack house and site of the pack house. Pack house is classified as 

conventional and specialized pack house. Conventional pack houses are intended for 

usual preparatory steps for fresh produce packaging and are located in strategic areas 

whereas specialized packing house is used for produce destined for high-end or export. 

Here facilities such as screened area, quarantine treatment, laboratory and cold room will be 

available.  

 

The total area required for a pack house is the sum of the area required for different 

components such as; receiving area, sorting area, working area, storage area, office space, 

area for temporary holding or cold storage rooms, area for work flow and area for rejects. 

Apart from the pack house have functional facilities such as; cold storage room, ripening 

room, laboratory, stock rooms, tool room, administrative offices, worker sanitation facilities, 

eating facilities, lockers and waste disposal area.  

 

1.4.2. Key unit operations of a pack house 

Receiving, maturity assessment, trimming, sorting and grading, sizing, delatexing/desapping, 

cleaning/washing, surface drying, waxing, ripening/degreening, curing, packaging, pre-

cooling, storage, treatments for disease control, quarantine treatments and labelling. Some 

examples of process flows for different fruits and vegetables are shown below. 
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Fig. 1.7: Process flow for ‘Carabao’ mangoes destined for export market (FAO, 2012) 
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Fig. 1.8: Process flow for bananas destined for export market (FAO, 2012) 
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Fig. 1.9: Process flow for Okra destined for export market (FAO, 2012) 

 

 

Fig. 1.10: Process flow for bulb crops destined for institutional and domestic market 

(FAO, 2012) 
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1.4.3. Equipment layout or flow layout in a pack house 

Planned according to sequence of operations and space availability. The layout should 

facilitate produce flow and movement of personnel and to minimize cross- contamination 

within the facility. For maximum efficiency straight line flow better as fewer turns and lower 

damage to commodity.  Other types of layouts are U type and L type.  

 

Fig. 1.11:  U type configuration and Straight line configuration of mango packing 

house (FAO, 2012) (1) Maturity test, (2) weighing, (3) sorting and trimming, (4) delatexing, 

(5) hot water treatment, (6) cooling, (7) air-drying, (8) sizing, (9) packing. Equipment: (a) 

flotation tank, (b) weighing scale, (c) sorting table, (d) delatexing tank, (e) hot water tank, (f) 

cooling tank, (g) fans, (h) sizing table, (i) pallets. Materials: (A) full baskets, (B) reject fruit, 

(C) empty baskets, (D) full crates, (E) treated fruit in crates, (F) empty cartons, (G) full 

cartons 
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Fig. 1.12: A typical pack house layout (APEDA) 

 

Equipment used in packing house operations (Primary processing) 

1. Weighing scales 

2. Washers - dipping tanks, spray washers, hydro cooler cum washer, cleaner cum 

graders 

3. Dryers- surface dryers, air blowers for surface moisture removal.  
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4. Sorting tables 

5. Conveyor belt sorters. 

6. Sizers - mechanical graders, table top sizers, weight sizers etc 

7. Dipping tanks 

8. Waxers 

9. Blowers 

10. Conveyors for handling or movement of produce from one operation to other-gravity 

roller conveyors, belt conveyors 

11. Pallets 

12. Forklifts/carts etc 

13. Racks for curing/air drying 

14. Bagging machines 

15. Sticker applicators 

16. Quality measurement equipment such as Vernier calipers, screw gauge, temperature 

measurement devices, colour meters, refractometer and pH meters etc. 

17. Cold storage 

18. Ripening chambers 

 

1.5. Primary Processing of Fruits and Vegetables 

For preparing the fruits and vegetables for the market, simple primary processing operations 

such as cleaning, sorting, trimming, grading, washing, surface drying (removal of excess 

moisture) and packaging is used. Also curing, waxing, ripening, degreening and pre-cooling 

are some primary processing operations. Apart from above operations in some cases such 

as roots and tubers; peeling, slicing and drying with washing are some of the primary 

processing operations used. Similarly, in case of mango delatexing is done.   

 

a) Trimming: It is the process of removal of unwanted plant parts or those likely be 

rejected by consumers or those parts that can contribute to deterioration. Some 

examples of trimming are; removal of dried floral parts from the fingers in banana, 

removal of wrapper leaves in cabbage, removal of vegetative parts and trimming of 

tops in onions, garlic and radish, removal of crown in pineapple and removal of silk 

and husk in sweet corn and baby corn. Trimming is done by tools such as stainless 

steel knives or pruning shears.    

 

b) Sorting and Grading: Sorting can be defined as removal of defective, pest damaged 

mechanical damaged, decay or misshapes etc., from the produce. Grading is defined 

as classifying the produce into groups to set criteria of quality, size accepted by 
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governments or industry. Grading is done on some common properties such as 

appearance, stage of maturity and/or ripeness, texture, presence of damage or 

defect and safety and wholesomeness. Some of the specifications or quality factors 

for grading and sorting are given by codex standards for fruits and vegetables. 

Grading or size classification can be done based on weight (ex-pineapple), diameter 

(ex-grape fruit) and length (ex-baby corn). Sorting can also be done at field level to 

reduce the volume of handling and also reduce damage to the produce. Field sorting 

can be done under tree shades or small tents can be put up.  

 

In case of large scale operations, sorting may be semi or fully automatic for handling 

large quantities depending on the market (export or local). Sorting and grading is also 

done manually using conveyors. The produce will move on the conveyors in front of 

the trained personnel standing along the sides of the conveyors. In case of fully 

automated sorting and grading machine, machines equipped with machine vision 

capability (soft x-ray, image processing, etc.) is used which grade the produce based 

on colour and size.  Methods such as near-infrared systems are used for sorting 

based on sweetness and detect physical injury. Also grading dis such as pictorial 

guides on quality defects can be used as reference source for the classification.  

 

c) Delatexing/desapping: Removal of latex from fruits such as mango, banana and 

papaya is followed, as the latex stains and latex burns are caused by latex. When 

pedicel of a fruit is removed, latex exudes from the point of attachment which has to 

be removed. Latex in mangoes are removed by placing the fruit stem down in wire 

meshed tray for 30 minutes to allow latex to drip. The latex stains can be prevented 

or removed by dipping in anionic commercial detergent, 1 percent alum solution or 

washing in water.  

 

d) Cleaning/Washing: Cleaning is removal of latex, dirt, chemical residues, reduce 

microbial load, insects, and other extraneous materials from surface of the produce. 

Different methods used for cleaning are: Washing- dump washing/immersion dipping, 

spray washing, Brush spraying; Wiping-wet or moist cloth; dry brushing- use brushes 

in water sensitive produce-ginger; Forced air. Apart from the above methods, 

antimicrobials (Cholrine, Hydrogen peroxide, Peroxyacetic acid, ozone, electrolyzed 

water) or sanitisers can be used for cleaning. 

 

After washing or dipping excess water on the surface of the produce has to be 

removed prior to other operations such as waxing, packing or transportation to avoid 
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decay, wetting of package etc. fans or blowers can be used, or conveyed through 

heated drying tunnel for removal of surface moisture.  

 

e) Curing: This operation of primary processing is done in case of bulb crops such as 

onions and garlic to prevent entry of microorganisms. This process allows closing of 

the neck and drying of outer scales. Rapid curing is done by forced heated air 

through produce placed in curing bins or racks.  

 

f) Waxing: Waxing is done for improving the appearance, reduce moisture loss and 

decelerate ripening process. Natural and edible wax is used for coating of fruits and 

vegetables. Waxes can also be impregnated with antifungal compounds for disease 

control. The coatings should impart gloss, be transparent, odourless and tasteless, 

biodegradable, impermeable to water and semi-permeable to oxygen and carbon 

dioxide.  Some fruits which are waxed in wider scale are- apples, oranges and 

kinnow. Wax is applied by dipping/foaming/brushing/spraying methods.  

 

g) Ripening/Degreening: It is the process of artificially accelerating the ripening 

process from a mature green stage to semi or fully ripe stage. Hormone responsible 

for initiating ripening is ethylene. Artificial ripening is done by generating ethylene 

using alcohol and acetylene which is analogue to acetylene. Fruits harvested at 

mature green stage have to be degreened such as sweet lime for acceptance by 

consumers. Ethylene level of 100 to 1000 ppm is used for banana ripening and 100 

ppm for mango ripening. 

 

h) Packaging: Packing of the fruits and vegetables as per the material requirements. 

They can be packed as bulk packaging or retail pack. Different types of packaging 

used in fruit and vegetables are plastic crates, baskets, wooden crates, cartons, 

plastic films, plastic trays, MAP packs etc. The package should have information 

about volume, source, country of origin, date of packed, etc.  

 

i) Precooling: It is the process of removal of field heat from the produce before it is 

stored in cold store at standard storage temperature or before loading refrigerated 

trucks for transportation. This helps to reduce the heat load injury on the produce. 

Different types of precooling are: room cooling, forced air cooling, hydro cooling, 

vacuum cooling and package icing.  
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j) Cold storage: Storage of produce at lower temperatures is done to minimize 

deterioration and maintain quality and also to hold the produce before dispatch. The 

storage of fruits and vegetables are done at different temperatures and RH.  

 

Table 1.1: Recommended storage temperature and RH for selected fruits (FAO, 2012) 
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Table 1.2: Recommended storage temperature and RH for selected vegetables  

(FAO, 2012) 

 

 

1.6. Unit operations in fruits and vegetables processing 

India is Second Largest producer of fruits and vegetables in the world. India Post Harvest 

losses in fruits and Vegetables are ranging from 5.8-18%. Processing of fruits and 

vegetables account for about 2% to overcome the post-harvest losses, various processing 

techniques are needed to be implemented. The study of process engineering is an attempt 

to combine all forms of physical processing into a small number of basic operations, which 

are called unit operations. Important unit operations involved in the food industry are fluid 

flow, heat transfer, drying, evaporation, contact equilibrium processes (which include 

distillation, extraction, gas absorption, crystallization, and membrane processes), mechanical 

separations (which include filtration, centrifugation, sedimentation and sieving), size 

reduction and mixing.  

 

1.6.1. Blanching  

Blanching is the treatment of vegetables in hot water or steam to inactivate oxidative 

enzymes. Blanching serves a variety of functions, one of the main ones being to destroy 

enzymatic activity in vegetables and some fruits, prior to further processing by heat. To 

achieve adequate enzyme inactivation, food is heated rapidly to a pre-set temperature, held 

for a pre-set time and then cooled rapidly to near ambient temperatures. 
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 The maximum processing temperature in freezing and dehydration is insufficient to 

inactivate enzymes.  

 If the food is not blanched, undesirable changes in sensory characteristics and 

nutritional properties take place during storage.  

 In canning, the time taken to reach sterilizing temperatures, particularly in large cans, 

may be sufficient to allow enzyme activity to take place. It is therefore necessary to 

blanch foods prior to these preservation operations. 

 Enzymes which cause a loss of eating and nutritional qualities in vegetables and 

fruits include lipoxygenase, polyphenol oxidase, polygalacturonase and 

chlorophyllase. 

 Two heat-resistant enzymes which are found in most vegetables are catalase and 

peroxidase. 

 Although they do not cause deterioration during storage, they are used as marker 

enzymes to determine the success of blanching. Peroxidase is the more heat 

resistant of the two, so the absence of residual peroxidase activity would indicate that 

other less heat-resistant enzymes are also destroyed. 

 Blanching reduces the numbers of contaminating micro-organisms on the surface of 

foods and hence assists in subsequent preservation operations. This is particularly 

important in heat sterilization, as the time and temperature of processing are 

designed to achieve a specified reduction in cell numbers. 

 Blanching also softens vegetable tissues to facilitate filling into containers and 

removes air from intercellular spaces which increases the density of food 

 

1.6.2. Canning 

Canning is a method of preservation of food in which the food is processed and hermetically 

sealed in containers (of metal, glass, thermo stable plastic, or a multi-layered flexible pouch) 

by the application of heat.  Canning provides a shelf life ranging from one to five years, 

although under specific circumstances it can be much longer. Heating is the principle factor 

to destroy the microorganisms and the permanent sealing is to prevent re-infection. 

Why is Canning done? 

 

 The high percentage of water in most fresh foods makes them very perishable. They 

spoil or lose their quality for several reasons. 

 Microorganisms live and multiply quickly on the surfaces of fresh food and on the 

inside of bruised, insect-damaged, and diseased food. Oxygen and enzymes are 

present throughout fresh food tissues. Proper canning practices minimize the effects 

of these microorganisms. 
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 However, the main objective of canning is to preserve the food by the application of 

heat so that it can be safely eaten at a later time. Safety of the consumer is the 

primary concern when food is canned.   

 
Foods that are canned: 

a) Low acid foods: Meat, fish, poultry, dairy fall into a pH range of 5.0 to 6.8. This large 

group is commonly referred to as the low acid group. 

b) Acid foods:  With pH values between 4.5 and 3.7. Fruits such as pear, oranges, 

apricots and tomatoes fall in this class. 

c) High acid foods: Such as pickled products and fermented foods. The pH values 

range from 3.7 down to 2.3, also Jams and Jellies are in this classification. 

 

The factors which influence blanching time are: 

 type of fruit or vegetable 

 size of the pieces of food 

 blanching temperature 

 Method of heating. 
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Processing steps 

 

a) Selection: 

 For canning, fruits and vegetables should be absolutely 

fresh. 

 The fruit should be ripe, but firm and evenly matured.  

 It should be free from all unsightly blemishes, insect 

damage and malformation.  

 Over-ripe fruit is generally infected with microorganisms 

and would yield a pack of poor quality. 

 The vegetables should be tender and reasonably free from 

soil, dirt etc. 

 

b) Sorting and Grading: 

 After the preliminary sorting, the fruits and vegetables are 

graded. 

 The grading is done with respect to size, color etc.  

 Generally done by hands or the grading machines (screen 

graders, roller graders etc.).  

 

c) Washing:   

 The graded fruits and vegetables are washed with water in 

different ways such as soaking or agitation in water, 

washing with cold or hot water sprays, etc.  

 Vegetables may preferably be soaked in a dilute solution 

of potassium permanganate to disinfect them. 

 Spray washing is the most efficient method.       

 

d) Peeling, Coring, Pitting: 

Peeling of fruits and vegetables can be done in many ways: 

 by hand or with knife 

 by machine 

 by heat treatment (Scalding)   

 by lye solution (dipping the fruits and vegetables in a solution of boiling caustic soda 

or lye solution of strength 1-2%for 30 seconds to 2 minutes. 

 

Selection 

Sorting/Grading 

Washing 

Peeling/Coring/Pitting 

Blanching 

Can filling 

Syruping/Brining 

Lidding/Clinching 

Exhausting 

Sealing 

Washing 

Cooling 

Labelling/Storage 

Fig. 1.13:  Flow chart of 
Canning Process 
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e) Blanching: 

 Treatment of fruits and vegetables with boiling water or steam for short periods, 

followed by cooling prior to canning, is called ‘blanching’. 

 Blanching is done with the objective of: 

 Loosening the skin of the fruit or vegetable. 

 Eliminate the no. of microorganisms. 

 Inactivating the enzymes, thus preventing the possibility of discoloration. 

 Improving the flavor by reducing the astringency in some foods. 

 

f) Can Filling: 

 Before filling of the contents (fruits and vegetables) a small amount of syrup (for 

fruits) or brine (for vegetables) is poured in the can so as to provide a medium to the 

contents. 

 Can filling can be done by machine or hand filling.  The cans are washed and 

subjected to a steam jet remove any adhering dust or also employed. 

 

g) Syruping and Brining: 

 The cans are filled with hot sugar syrup for fruits (concentration 35-40%) and hot 

brine for vegetables (concentration 1-2%). 

 The syrup or brine should be added to the can at a temperature of 79°C to 82°C, 

leaving a headspace in the can so that when the filled can is closed on the double 

seaming machine, the headspace left inside ranges from o.32 cm to 0.47 cm. 

 Objective of this step is to improve the taste of the canned product and to fill up the 

inter space between fruits and vegetables. 

 

h) Lidding or Clinching: 

 Cans after being filled, are covered loosely with lid and passed through the exhaust 

box. 

 Lidding is now replaced by CLINCHING in which the lid is partially seamed to the can 

by a single first roller action of double seamer.  

 

i) Exhausting: 

 By exhausting, risk of corrosion of tin plate and pin holing during the storage and 

discoloration of the product is reduced as the oxidation process is prevented. 

 During exhausting, expelling of all the gases takes place which prevents spoilage of 

the canned product by ceasing the chemical reactions and also the bulging of can.  
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j) Sealing: 

 After exhausting, the cans are sealed by special closing machines known as double 

seamers.  

 There is hand operated as well as semi-automatic and fully automatic seamers. 

 

k) Processing/Sterilization: 

 Processing consists of heat treatment which is sufficient to eliminate the growth of 

spoilage causing microorganisms. 

 All fruits can be satisfactorily processed at 100°C and vegetables at 116-120°C. 

 The total time required to sterilize canned food is largely depending on: 

 Size of can 

 Processing temperature 

 Rate of heat penetration at the center of the can. 

 pH of the food 

 The type and number of organisms present  

 

l) Cooling: 

Immediately after processing, the cans are COOLING in water to a temperature of 36°C 

to 42°C. to avoid thermophilic spoilage or can rust. If the cans are cooled much below 

36°C, they may not dry thoroughly and rusting well result. If the cans are cased at 

temperatures much over 42°C, thermophilic spoilage may occur. 

 
m) Labeling and Storage: 

After the completion of the canning process, the cans are labeled, packaged and stored 

at a clean and dry place.Storage temperatures of sterile canned meat products should 

not be above 21.1°C, because higher temperatures markedly accelerate deterioration 

during storage, thus limiting shelf life. 

 

Defects in cans 

 Swell: bulging of both can ends by positive internal pressure due to gas generated by 

microbial or chemical activity. Either hard or soft swell. 

 Flipper: a can with normal appearance but one end flips out when the can is struck 

against a solid object but snaps back to the normal under light pressure. 

 Springer: a can bulged from one end which if forced back into normal position, the 

opposite end bulges. 

 Leakage: perforated can. 

 5-Overfilled can: has convex ends due to overfilling and not regarded as spoiled. 
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1.6.3. Drying and Dehydration 

Drying refers to the removal of small amount of moisture from a solid or nearly solid material 

by evaporation to a predetermined level. Drying involves heat and mass transfer operations. 

Complete removal of moisture content to bone dry condition. 

 

Need for drying 

 To produce stable produce 

 In the preparation of Powder and granules 

 Reducing the bulk weight 

 Prior to grinding and to prevent product deterioration 

 

Choice of method of drying 

 Based on heat sensitive foods 

 To be carried out in aseptic condition 

 Quantity of products to be dried 

 Available source of heat 

 Cost effectiveness 

 

Different types of dryers 

Dryers are classified according to drying process into: 

 Adiabatic drying – Solids are dried by direct contact with hot air. 

 Non-adiabatic drying – External medium is used to transfer heat. 

 
Based on the above two process different types of drying are: 

a) Sun drying: Sun and solar drying are the ancient methods. The fruits and vegetables 

are spread on the ground in thin layers and expose to direct sun light for drying. It is a 

time consuming and inexpensive process. The major disadvantages are the 

environmental contamination, insect infestation, and microbial deterioration which 

causes low quality food. 

 

b) Tray or Cabinet Dryers: These types of dryers use trays or similar product holders to 

expose the product to heated air in an enclosed space. The trays holding the product 

inside a cabinet or similar enclosure are exposed to heated air so that dehydration will 

proceed. Air movement over the product surface is at relatively high velocities to ensure 

that heat and mass transfer will proceed in an efficient manner. 
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Cabinet dryers are batch systems and major disadvantage is non-uniform drying of a product 

at different locations within the system. To overcome and to produce a uniformly dried 

produce is achieved by rotating the trays. 

 

 

Fig. 1.14: Tray drying 

 

c) Tunnel dryer: Modified form of tray dryer where the feed is at the one end and the 

product is obtained at the other end of the tunnel. The air and product can move either in 

concurrent or counter current manner. With concurrent systems, a high-moisture product 

is exposed to high temperature air, and evaporation assists in maintaining lower product 

temperature. At locations near the tunnel exit, the lower-moisture product is exposed to 

lower-temperature air. In counter current systems, a lower-moisture product is exposed 

to high-temperature air, and a smaller temperature gradient exists near the product 

entrance to the tunnel. 

 

 

Fig. 1.15: Concurrent flow tunnel drying 
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Fig. 1.16: Counter current flow tunnel drying 

 

d) Fluidized-Bed Drying: The products are suspended in the heated air for drying 

throughout the processing. In this drying, heat is transferred to food material by 

convection. An air flow helping to convey the food through the dryer. 

 

 

Fig. 1.17: Fluidized bed drying 
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e) Drum drying/Film/Contact drying: In this liquid food to be dried are made to spread 

over the heated drum surface. During the time of drying, food remains stuck on the drum 

surface which will be scraped off using doctor blades. 

 
It can be classified based on the number of drums (Single, double or twin), Pressure 

(Atmospheric or vacuum) and the method of the feed input (nip, splash, dip feed or 

roller). 

 

Fig. 1.18: Different types of Drum drying 

 

f) Spray drying: Slurry of liquid or fine solid material is injected into a blast of hot air in the 

chamber through the spray nozzle at the top of the drying chamber. Hot air is blown 

inside the chamber and the water evaporates and solid part of product remains in 

powder form. Air and solids may move in parallel or counter current flow. It is suitable for 

producing powder foods which are heat sensitive in nature. 

 
Fig. 1.19: Spray drying 
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e) Vacuum drying: Removal of moisture is done at the reduced pressure below the water 

vapor pressure or creating a vacuum for heating the heat sensitive and hygroscopic 

produce. This is processed at a very low temperature. 

 

 

Fig. 1.20: Vacuum drying 

 

f) Osmotic drying or dehydration: Efficient and simple process for the preservation of 

fruits and vegetables. Sugar and salt are the major solute used in this process. Sugar 

syrup is used in terms of fruits and brine for vegetables. It is the process of removal of 

water from fruits & vegetables to an osmo-active solution and transfer of solute in the 

food material. This is preferred method due to their color, aroma, nutritional constituents 

and flavor compound retention value. 

 

g) Freezing: The process of removing sensible and latent heat in order to store the food in 

temperature of –18°C or below. It is also defined as the process of reducing the 

temperature of the food below its freezing point. Water in the food transforms to ice 

crystals. 

 

Principles:  

It is mainly done to lower temperature of food to reduce microbial spoilage because of the 

water unavailability for microorganisms to grow and chemical reaction. This results in 

slowing down microbial activity and chemical changes.  It does not sterilize the food. 

Freezing involves two successive processes. Nucleation phase in which results in the 

formation of ice crystals and growth phase which increase in crystal size (growth). During 

freezing, freezing time and freezing rate are the Important factors to be considered for a 

freezing system. 

 

Methods of freezing 

 Air freezing: Air is the cooling medium. Ex. Blasts, fluidized bed, spiral. 

 Indirect contact freezing: Food comes in contact with a cooled metal surface. Ex- 

Plate freezer. 
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 Immersion Freezing: Direct immersion in refrigerants (glycols, glycerol, sodium 

chloride, calcium chloride, and mixtures of salt and sugars) 

 Cryogenic Freezing: Exposing food directly to a cold refrigerant (Liquid nitrogen) 

undergoing phase change. 

 

Selection of freezing method:  

Freezing method chosen for each product will depend on: 

 a. Product quality and freezing rate desired 

 b. Type and shape of product, package, etc. 

 c. Flexibility required in freezing operations. 

 d. Costs of freezing for alternative techniques. 

 

a) Freeze drying: This method is also called as lyophilization. It is works on the principle of 

sublimation process. It dehydrates the produces at a very low temperature by freezing 

the produce at first, lowering the pressure and remove the moisture my sublimation 

process. There are 4 stages in this: Pretreatment, freezing, primary drying, and 

secondary drying. It is suitable for heat-sensitive food material. Freeze-dried product is 

easy to reconstitute also. Major disadvantage is its cost. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

    

Fig. 1.21: Freeze drying 
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b) Extraction: Fruits play an important role in human nutrition. Before the 20th 

century, drinking squeezed fruit juices was the privilege of only a few. A wide 

range of drinks can be made using extracted fruit juice or fruit pulp as the base 

material. There are several methods to extract juice depending on the type of 

fruit. For citrus fruits which are naturally juicy, the best option is to use a presser. 

Whereas, some fruits such as melon and papaya are steamed to release the 

juice. Apples are pressed (hydraulic, pneumatic, screw, or basket press) and 

fruits such as mango, guava, sour soup, pineapple, strawberry must be pulped to 

extract the juice. The fruit pieces are pushed through a perforated metal plate 

that crushed and turns them into a pulp. Some fruits can be pulped in a liquidiser 

and then filtered to remove the fruit pieces. There is a range of equipment 

available that varies in size and in the type of power supply. Polygalacturonase 

and pectinlyase and cellulase are used to hydrolyze pectin and fruit cell wall, 

facilitating juice release during pressing and increasing yield. Enzyme treatment 

requires heating because it is most effective at around 50 ºC and requires some 

reaction time. Juice yield is affected by pressing conditions (temperature, 

pressure, presence, and type of pressing aid). The typical fruit juice yields range 

between 70% and 95%. 

 

1.7. Minimal Processing of Fruits and Vegetables 

Minimally processed fruits and vegetables are fresh fruits and vegetables processed to 

increase their functionality without greatly changing their fresh like properties. The industry of 

fresh-cut fruits and vegetables is constantly growing due to consumers demand. There is a 

general trend to increase fresh fruit and vegetable consumption mainly due to their health 

properties. Different organizations recommend the increasing fruit and vegetable 

consumption to decrease the risk of cardiovascular diseases and cancer. The fresh-cut fruit 

and vegetable industry is constantly growing mainly due to the consumer’s tendency of 

health consciousness and their convenience.    

 

Minimally processed fruits and vegetables are fresh fruits and vegetables processed to 

increase their functionality without greatly changing their fresh like properties. Fresh-cut 

produce industry has been on a double-digit growth rate in response to an increased 

demand by consumers, particularly in developed countries. Demand of Minimal Processed 

fruits and vegetables has increased rapidly in Europe and USA, where demand is expected 

to represent 25% of the total food market in the near future. This increase is due in part to 
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two key trends observed in this comprehensive study: a growing focus on health, which 

includes the consumption of fresh vegetables, and the increased preference for 

convenience. To the extent possible, consumers want healthy products for their meals, 

available at a good value, convenient, safe, and with good quality. 

 

This beneficial effect has been attributed to non-essential food constituents, phytonutrients, 

that posse a relevant bioactivity when frequently consumed as a part of regular diet. This 

also corresponds to one of the traditional claims in proper dietary habits which aims for an 

increasing intake of fruits and vegetables. However, it is well-known that modern ways of life 

usually trend to a reduction of suitable intake of rich sources of antioxidant compounds, such 

as fruit and vegetables, being more emphasized in some parts of the population, especially 

children. It is known that a food which meets nutritional requirements is unlikely to be 

accepted by consumers if they do not like the flavor or other quality attributes. Additionally, it 

has been shown that consumer’s needs for convenience are correlated with food choice. 

Therefore, the fresh-cut fruit and vegetable industry is  still working to increase the 

assortment of minimally processed vegetable products that meets consumer’s needs for 

‘quick’ and convenient products that preserve their nutritional value, retain a natural and 

fresh color, flavor and texture, and contain fewer additives such as preservatives. 

 

Fresh-cut fruits and vegetables emerged to fulfill new consumer’s demands of healthy, 

palatable and easy to prepare plant foods. ‘Minimal processing’ describes non-thermal 

technologies to process food in a manner to guarantee the food safety and preservation as 

well as to maintain as much as possible the fresh-like characteristics of fruits and 

vegetables. In the fresh produce industry- especially with F & V, minimally processed 

products- defined as “any fruit or vegetable, or any combination thereof, which has been 

physically altered from its original form, but has remained in its fresh condition”. As per 

USDA and FDA, fresh-cut (pre-cut) products have been freshly cut, washed, packaged and 

maintained with refrigeration. Fresh-cut products are in a raw state and even though 

processed they remain in a fresh state, ready to eat or cook, without freezing, thermal 

processing, or treatments with additives or preservatives. The International Fresh-cut 

Produce Association defines a fresh-cut product as fruits or vegetables that have been 

trimmed and/or peeled and/or cut into 100% usable product that is bagged or pre-packaged 

to offer consumers high nutrition, convenience and flavor while still maintaining freshness.  

 

Although between processing and consumption a span of several days occurs, consumers 

still want to have fresh or fresh-like vegetables on their dishes or pans. A major challenge 

facing the industry however are the rapid quality deterioration and reduced shelf life of fresh 
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cut products compared with whole vegetables due to physiological disorders and decays. 

Microbiological, sensory and nutritional shelf life of minimally processed fruits and 

vegetables should be at least 4-7 days but preferably even longer.  

 

Among others, visual properties of fresh-cut fruit and vegetable commodities are one of the 

most important parameter to evaluate the total quality of the product by consumers. Looking 

at the package, it will be possible to evaluate absence or presence of discoloration 

(enzymatic browning of cut surfaces, yellowing of green vegetables and pale color of bright 

vegetables), mechanical damage (foiled lettuce leaves, absence of cutting damage), as well 

as decay. However, it is well-known that processing of vegetables promotes a faster 

physiological deterioration, biochemical changes and microbial degradation of the product 

even when only slight processing operations can be used which may result in degradation of 

the color, texture and flavor.  Storage temperature is the single most important factor 

affecting spoilage of minimally processed fruit and vegetables.  

 

1.7.1. Preparation of Minimal Processed Products 

Minimally processed products can be prepared at the site of production or at processing 

centers. Preparation procedures involved usually are washing, peeling, cutting, trimming, 

slicing, shredding, dicing and coring. Major factors affecting fresh-cut fruit or vegetable 

quality are cultivar, pre-harvest cultural practices, harvest maturity, physiological status of 

the raw product, postharvest handling and storage, processing techniques, sanitation, 

packaging and temperature management during shipping and marketing.    

 

The first essential step in reducing overall contamination of raw material is by removing the 

outer leaf layer or surface dirt. Washing also helps to remove the sugars and other nutrients 

at the cut surface of the produce, which favour microbial growth and discoloration. Peeling 

process depends on raw material types and influences quality of finished products. Different 

methods involved are  

 Hand peelers 

 Knives 

 Abrasion method (for bulk, using carborandum disc and running water, generally for 

peeling of potatoes and root vegetables) 

 Lye peeling 

 Steam peeling 

 Freeze/lame/vacuum peeling where chemicals like acid, calcium chloride and 

ammonium salts are used to peel various fruits and vegetables  
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Some fruits and vegetables require more operations before packaging like slicing, shredding, 

dicing etc. They become more susceptible to spoilage by releasing nutrient rich vascular and 

cellular fluids on disruption of protective epidermal layer. Slicing caused physical damage, 

physiological stress and enhanced microbial growth in peeled carrot. Sharpness of blade 

also has effect on injury to commodity. 

 

1.7.2. Physiological Responses and Bio-Chemical Changes 

Physiology of minimally processed fruits and vegetables is generally same as that observed 

in plant tissues wounded or exposed to stress conditions. Intrinsic and extrinsic factors affect 

the deterioration due to physiological processes. Increased respiration rate causes major 

tissue disruption as enzymes and substrate become mixed with each other and with other 

cytoplasmic and nucleic substrates and enzyme. Fruits and vegetables also demonstrate 

wound induced ethylene production and increased surface area per unit volume, thus 

exacerbate water loss. Cold injury during low temperature storage and physical abrasion 

resulting from processing and packaging induce abusive atmosphere or desiccation, 

resulting in undesirable changes in product flavor, texture and nutritional quality. Other 

deterioration types include chemical and enzymatic changes and microbial deterioration. 

Physical damage during harvesting, handling, transportation, processing and packaging can 

also affect shelf life of minimally processed fruits and vegetables. 

 

However, there are many other preservation techniques that are currently being used by the 

fresh-cut industry such as antioxidants, chlorines and modified atmosphere packaging 

(MAP). Nonetheless, new techniques for maintaining quality and inhibiting undesired 

microbial growth are demanded in all the steps of the production and distribution chain as 

microorganisms adapt to survive in the presence of previously effective control methods. 

 

New techniques for maintaining quality and inhibiting undesired microbial growth are 

demanded in all the steps of the production and distribution chain. The use of ultraviolet-C, 

modified-atmospheres, heat shocks and ozone treatments, alone or in different combinations 

have proved useful in controlling microbial growth and maintaining quality during storage of 

fresh-cut produce   

 

During minimal processing (including peeling, cutting and grating operations), many cells are 

broken and intracellular products, such as oxidizing enzymes, are released, accelerating the 

decay of the product. The physical damage - during minimal processing - causes disruption 

of the cellular membrane- enzymes and their substrates in direct contact - accelerates the 
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loss of quality.  The newest tendency is called the immersion therapy. Cutting a fruit while it 

is submerged in water will control turgor pressure, due to the formation of a water barrier.  

 

1.7.3. Effects of different deteriorative mechanisms 

 

a) Respiration: Higher the respiration shorter will be the shelf life. The effect of minimal 

processing varies in climacteric and non climacteric fruits and with the age of the fruit. 

The reserved energy will be utilized during the oxidative reduction process which leads 

to ageing of the products. 

b) Ethylene: Ethylene production in minimally processed fruits and vegetables is more 

which will accelerates ripening, softening and senescence. Stress induced ethylene 

production (due to chilling injury or wounds) can enhance fruit ripening and also 

chlorophyll loss and yellowing of leafy vegetables. It stimulates many enzymes and 

because of the formation of compounds like lignin cell wall thickening and other such 

defects can also occur. 

c) Browning: Acceptability and shelf life of the fresh cut products decreases due to 

browning or discolouration. The main reason is exposure of substrates to enzymes due 

to the peeling, cutting or slicing operations. Wounding also induces synthesis of some 

enzymes involved in browning reaction or synthesis of their substrates.   

d) Water loss: Fresh cut products are more susceptible to weight loss because internal 

tissues are exposed to atmosphere without skin or cuticle. However RH is generally very 

high in film bags or containers overwrapped with film, so dehydration is not a big issue. 

e) Microbial Contamination: Microbial population in minimally processed fruits and 

vegetables will be more as cell disruption leads to release and intermixing of enzymes 

and substrates that may be used by native or exogenous microorganisms to grow on the 

product. The chances of food borne illness due to pathogens or spoilage micro 

organisms growing in these products are very high. HACCP an effective and rational 

means of assuring safety can be applied throughout the food chain from primary 

production to final consumption. HACCP identifies potential avenues of contamination; 

establishes control measures to eliminate or minimize these hazards; and monitors and 

documents effectiveness of the program.   

 

1.7.4. Treatments for Quality Maintenance 

Minimally processed fruits and vegetables are preserved by refrigeration, chemical 

preservatives, additives, bio-preservatives, mild heat treatments, microwave processing, 

reduction of water activity ionizing irradiation, disinfectants (electrolyzed water treatment, 

chlorination, hydrogen peroxide), high hydrolytic pressure technology, high intensity pulsed 
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electric field, pulsed light, ozone technology, manothermosonication, oscillating magnetic 

field, ohmic heating, vacuum /hypobaric packaging, edible coating and hurdle technology.  

 

1.7.5. Effect of Storage Conditions on Quality  

Temperature is the most important extraneous factor which affects the shelf life of minimally 

processed foods. Temperature has a great effect on the respiration and transpiration rates of 

the commodity and also biological and bio chemical reactions. A 10 ºC decrease in 

temperature usually will decrease the respiration rate by a factor of 2-3. Minimally processed 

products should be refrigerated (0-5 ºC) to prolong their quality and safety. Duration of cold 

storage also has an impact on final product quality.  

 

1.7.6. Modified Atmospheric Packaging (MAP) 

The most common atmosphere consists of reduced O2 (3-5 %) and elevated CO2 ( 3-10%) 

levels, however some other gases like CO, acetylene, ethylene, propylene are sometimes 

included.  MAP reduces unwanted metabolic reactions and protects the commodities against 

contamination by microorganisms and also slowdown the ageing process. MAP also inhibits 

the biosynthesis and action of ripening hormone ethylene (slows down softening, browning, 

decay etc) and protect the color of green leafy vegetables. Extremely low concentration of O2 

induces anaerobic respiration and off-flavor. Nitrogen is often utilized to displace oxygen in 

MAP, delaying the oxidative browning and inhibiting aerobic microorganisms. 

 

Quality deterioration of packaged minimally processed products may takes place due to 

improper film selection or flushing protocols, variation in respiration from different cultivars or 

varieties, seasonal variation and storage duration of products prior to fresh cut processing. 

Treatment of super atmospheric O2 is an effective means for both inhibiting microbial growth 

and enzymatic discoloration and preventing anaerobic fermentation reactions. But negative 

effects are also reported. 

 

Another interesting MAP method is moderate vacuum packaging where respiring produce 

is packed in a rigid airtight container. Initial gas composition is same as normal air but at a 

reduced partial gas pressure.  Equilibrium Modified Atmospheric Packaging is another 

effective method of packaging fresh cut fruits and vegetables and used to prolong the shelf 

life. Equilibrium is established inside the package, when O2 transmission rate of packaging 

film is matched to O2 consumption rate of packaged commodity. 

 

Active or smart packaging is a type of packaging that changes the condition of packaging to 

extend the shelf life or improve safety or sensory properties while maintaining quality. In 
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sense-and-response technology, some components of package would sense a signal such 

as an increase in temperature and initiate a marked increase in permeability to compensate 

for perceived change signal. Some tissues produce ethanol on fermentation when lower O2 

limit is surpassed. A truly smart package will continuously monitor ethanol and adjusts O2 

permeability. To control undesirable micro organisms on foods, antimicrobial substances can 

be incorporated in or coated onto food packaging materials. Principle action of antimicrobial 

films is based on the release of antimicrobial entities, some of which could pose a safety risk 

to consumers if release is not tightly controlled within the packaging material. 

 

A characteristic feature of minimally processing is the need for an integrated approach, 

where raw material handling, processing, packaging and distribution must each be properly 

managed to achieve extended shelf life of the produce. Quality of fresh cut products can be 

controlled by observing the initial quality and maturity of the product, sanitation practices, 

optimum processing conditions, temperature and relative humidity during processing, 

handling, transit and marketing period. Because of the highly perishable nature of the 

product, a long shelf life similar to the whole commodity should not be expected. Much 

research is still to be done to develop minimally processed fruits and vegetables products 

with high acceptability, high sensory quality, microbiological safety and nutritional value. 

Strict temperature control of MP produce is of eminent importance. More information on 

growth of pathogenic bacteria or nutritional changes in MP fruits and vegetables with longer 

shelf life is needed. 
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CHAPTER 2 

VALUE ADDITION OF FRUITS AND VEGETABLES 

 

2. Fruit Products Preserved by Sugar 

Syrups containing 66% and more sugars do not ferment. Sugar absorbs available water with 

the result that there is very little water for the growth of microorganisms and has no 

multiplication of microorganisms.  Sugar acts as a preservative by osmosis.  Fruit Jam, Jelly, 

Marmalade, Preserve, Candy are preserved by sugar. 

 

Jam, jelly, marmalades, and concentrated fruit juices are the examples of concentrated fruit 

based products. The main ingredients in these products are fruit, sugar, pectin and acids. 

These products contain high concentration of sugar (minimum TSS of 60%). Fruit based 

concentrated product remains shelf stable, even without refrigeration. 

 

2.1. Fruit Pulp/Puree 

Fruit or Vegetables concentrates are made out of fresh products. The idea is to be able to 

manufacture derivate from fruit and vegetables all year round, and not be seasonal like fresh 

fruit and vegetables are. This way soups, juices, creams, pastes, etc; can be manufactured 

along the whole year, by using fruit or vegetable pastes or concentrates regardless of the 

fresh product season. Another objective of making concentrate is to reduce transport costs 

versus the fresh product transport costs. Concentrate processing lines could be located 

more near the fresh products while products using fruit and vegetable concentrate can be 

located everywhere more near the local consuming markets. Concentrate processing lines 

start with the fresh fruit or vegetable washing, leaf cleaning, boning, enzyme deactivation 

and aseptic processing. From this first processing phase the result is a paste that passes on 

to the evaporation process where water is reduced from the paste and thereof the name of 

concentrate. If the concentrate is going to be frozen, pasteurization normally takes place 

before evaporation. It is also possible to pasteurize and evaporate at the same time. 

Combinations can be many and they depend upon the manufacturing process selected and 

the product recipe. The pulp which is obtained by hot or cold break method is concentrated 

to manufacture puree and paste. Fully mature pulpy fruits and vegetables are preferred for 

the manufacture of puree and paste.  

 

2.1.1. Processes of making fruit puree (For example Mango) 

a) Selection of fruits: The mangoes are selected based upon its maturity, fruit firmness 

and colour. 
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b) Ripening of fruits: The ripening of fruits are done by either natural ripening process or 

by passing ethylene gas to fruits in ripening chamber over a period of 24hrs and is stored 

at 28ºC for 6 days. 

c) Washing, tip cutting and sorting of fruits: The washing of the fruits is done using 

chlorinated water of concentration of 70 ppm and washed again with soft water. After 

washing the mango tips are cut and lower quality mango fruits are rejected at this stage. 

d) Destoner and pulper: The good quality mangoes are destoned and pulped with the help 

of the destoner and pulper respectively. 

e) Preheater: The preheating of the pulp is done at 60ºC to loosen its structure as it 

reaches the decanter and separator. 

f) Separator and decanter: These help in the removal of fibres, black and brown specs by 

the centrifugal force. 

g) Evaporator: In the evaporator the excess amount of water is removed to concentrate the 

mango pulp. 

h) Sterilization: In the sterilizer the pathogenic microbes are killed and the enzymatic 

activity is inhibited at 107 – 110ºC 

i) Aseptic filling: The sterilized mango pulp is then filled in the aseptic bags and stored at 

room temperature with a shelf life of about 24 months. 

j) Uses of pulp: It can be used in the preparation of beverages, jams, jellies and desserts. 

 

2.2. Fruit Jam 

Jam is a fruit product prepared by boiling the pulp of the fruits with sufficient amount of sugar 

to obtain the desired consistency. Fruits such as apple, pear, sapota, papaya, plum, 

strawberries, mango, grapes etc are used in the jam preparation.  

 

Jams are prepared from different variety of fruits. These can be used either singly or in 

combination. Pectin is used as the thickening agent in the jam preparation. It is formed 

during the ripening and also during the cooking of unripened fruits from the parent 

compound known as protopectin. Different fruits contain different amount of pectin. The high 

level of pectin is found in the apples, crabapples, and citrus peel and less amount of pectin is 

found in the fruits like blueberries, strawberries, cherries or huckleberries. Sweetening agent 

used in the preparation of jam is sugar. The proper balance in the preparation of jams is 

maintained by the citric acid. 

 

2.2.1. The manufacturing process 

In order to obtain the desired quality of jam, the required and accurate amount of ingredients 

must be added. Ideally, the following ingredients of jam must be mixed or combined to obtain 
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the best quality jam: 1% pectin, 45 - 50% sugar and acid to obtain the pH of 3.1. Jam is 

prepared by using the following steps. 

 

a) Quality inspection of fruits: The best quality fruits which are selected for jam making 

are loaded into hopper which is funnel shaped. Through this hopper the fruits are carried 

for cleaning and crushing. 

b) Cleaning, crushing and chopping: The surface dirt from the fruits is removed using the 

gentle water spray. Some fruits like citrus and apples are subjected to manual peeling, 

slicing and dicing. 

c) Pulping: Fruits are pulped using pulper. 

d) Cooking: The required pre measured amount of fruits, sugar and pectin are mixed in the 

cooking kettles. This mixture is subjected to cooking and cooling three times. Cooking of 

the jam is stopped exactly at the setting time. Jam will not be set properly if this point is 

not reached. If cooking process is carried out beyond this setting point, jam will undergo 

crystallization and darkening. There are three ways by which setting time of the jam can 

be determined; Saucer method, Spoon method and Temperature method 

 Saucer method: In this method a cold small saucer obtained from freezer is used. A 

drop of jam is dropped into this saucer. Setting of the jam should occur as it cools. If 

the jam still sticks onto plate after turning it upside down, then it shows that setting 

point is reached. 

 Spoon method: In this method, metal spoon is dipped into the jam and it is held 

horizontally until the jam is slightly cooled. By turning the spoon gently, if the jam falls 

in the form of heavy flakes, then it is said to be setting point. 

 Temperature method: In this method, the setting point of the jam is determined 

using sugar thermometer. When the jam reaches the temperature of 221º F, the 

setting point is reached. When the jam attains required consistency and sweetness, it 

is transferred into filling machines. 

e) Filling: Jars which are pasteurized are used to fill up the required amount of jam. The 

top of the jars are vacuum sealed using metal caps. The process of filling and vacuum 

packaging of the jars remove all air out resulting in maintaining the sterility of the 

product. 

f) Labeling and packaging: The sealed jam jars are conveyed through the labeling 

machine. These labels must contain the specific information about the ingredients used 

in the preparation of jam. The jars are later packed into cartons for shipment and further 

distribution 
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Process flow for preparation of jam 

Fruits (matured and firm) 

↓ 

Washing 

↓ 

Extraction of juice / pulp 

↓ 

Boiling 

↓ 

Addition of sugar (50: 45 to 50) 

↓ 

Addition of pectin (mixed with sugar in 1:10 ratio, based on pectin grade) 

↓ 

Boiling till the end point reached when TSS is 68°Bx 

↓ 

Filling and Cooling 

↓ 

Labeling 

 

2.2.2. End point for jam 

The finishing or end point of jam 

concentrations can be determined by any of 

the following methods. 

a) Drop test 

b) Refractometer test 

c) Boiling point method 

d) By weighing method     Fig. 2.1: Drop test 

a) Drop test: In this method, a little quantity of jam is taken from the boiling pan in a 

teaspoon and allowed to air cool before putting a drop of it in a glass filled with water. If 

the drop of jam touches the bottom of glass without disintegrating in the water, jam is 

considered to be ready. The only drawback of this method is that jam sometimes gets 

overcooked while it is being cooled for testing.Condition of jam or jelly flakes ready for 

pouring 

b) Refractometer method: The cooking of jam is stopped when the refractive index 

reading of refractometer indicates 68.50°brix. The jam should be immediately cooled 

before placing a drop of it on the refractometer glass as the reading is calibrated at 20°C. 

The main advantage of the method is its ease of handling. 
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c) Boiling point method: Most jams should be concentrated to a boiling point of 106°C at 

sea level. Correction will however, be necessary for higher locations as the boiling point 

decreases with increase in altitude. Generally, end point for making jam should be 13°C 

higher than the boiling point of water at the location. A jelly thermometer may be used 

with advantage for determining the boiling point of jam. The method is simplest and best 

to determine the finishing point of jam. 

d) By weighing method: The weight of the jam prepared from the fruits rich in pectin is 

one and half times the weight of the sugar taken. The disadvantage of the jamis that 

weighing is required frequently at the end of boiling which is practically time consuming 

and uneconomic as heat energy is wasted during weighing. 

 

2.2.3. Problems in the jam production 

a) Crystallization: In the jam invert sugar must be present in the concentration of 30 – 

50%. If this concentration reduces below 30%, cane sugar may undergo crystallization 

upon storage and if the concentration of invert sugar increases above 50%, the jam will 

form into honey like mass due to the formation of small glucose crystals. This 

crystallization can be prevented by addition of corn syrup or glucose along with cane 

sugar in the jam preparation. 

b) Sticky or gummy jam: High percentage of total soluble solids makes the jam sticky and 

gummy in nature. This can be prevented by the addition of sufficient amount of citric 

acid, pectin or both. 

c) Premature setting: This problem arises because of the presence of low total soluble 

solids and high pectin content. It can be solved by the addition of more amount of sugar. 

d) Surface graining and shrinkage: Jam must be stored in cool place to prevent the 

moisture loss due to evaporation. This moisture loss results in shrinkage and surface 

graining which affect on the appearance of the product.  

e) Microbial spoilage: During the storage there may be mould growth in the jam which can 

be prevented by storing jam in 80% humidity. 

f) Fermentation: It occurs due to improper sealing of the jars. This problem can be solved 

by using boiling water bath process. 

 

2.2.4. Mixed fruit jam 

Jam is prepared by boiling the fruit pulp with sufficient quantity of sugar to a reasonably thick 

consistency, firm enough to hold the fruit tissues in position. It can be prepared from one 

kind of fruit (or) from two (or) more kinds. 
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Ingredients 

Fruit pulp - 1.0 kg 

Sugar  - 0.75 kg 

Citric acid - 0.3 % 

Preservation - 40 ppm of SO2 (or)  

  200 ppm of benzoic acid   

  (for commercial and longtime storage) 

Method 

 Select sound good matured fruits.  

 Wash the fruits to remove dust and dirt.   

 Peel the fruits and remove the unwanted portions.   

 Cut the peeled fruits into small portions.   

 Pulp the cut pieces either by making use of hand pulper (or) by mixie.  

 Take the pulp and sugar (required amount) in a vessel and heat it over fire by stirring 

continuously, till the final TSS reaches 68.50bx.   

 Remove from fire and allow it to cool to room temperature.   

 Pack it in sterilized bottle and cover it with airtight cover.   

 Label it with suitable information.  

 Fruits used for mixed fruit jam: Guava, mango, pineapple, grapes, banana, papaya, 

sapota and apple. 

Note: The end point of the jam is judged by sheet (or) flake test.  A small portion of jam is 

taken out during boiling in a spoon (or) wooden ladle and cooled slightly.  It is then allowed 

to drop. If the product falls off in the form of a sheet (or) flakes instead of flowing in a 

continuous stream (or) syrup, it means that the end point has been reached and the product 

is ready.  Otherwise, boiling is continued till the sheet test is positive. 

 

2.3. Fruit Jelly 

2.3.1. Process of making jelly 

Jelly is a semitransparent fruit product made from fruit or vegetable juice with the help of 

pectin. Jelly is prepared by boiling the fruit with or without water, straining, mixing the 

strained and clear juice extract with sugar and boiling the mixture until it forms a clear gel. 

Guava, apple, plum are the fruits generally used for the preparation of jelly. Jelly should 

have 65% total soluble solids and 45% juice in final product as per FSSAI specification on 

weight by weight basis. Sulphur dioxide / benzoic acid / sorbic acid in its calcium / sodium / 

potassium salts is permitted at maximum limit of 40/200/500 ppm. 
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Process flow on Jelly making 

Ripe fruits 

↓ 

Washing 

↓ 

Cutting into thin slices 

↓ 

Boiling with water for 30 min 

↓ 

Straining of extract with clean muslin 

↓ 

Cloth in hot condition 

↓ 

Testing for pectin content 

↓ 

Addition of sugar accordingly 

↓ 

Boiling 

↓ 

Judging end point 

↓ 

Addition of citric acid and synthetic colour in concentrated mass 

↓ 

Filling into clean sterilized bottles 

↓ 

Cooling 

↓ 

Washing 

↓ 

Capping and storage at room temperature 

 

2.3.2. Role of ingredients used in jelly preparation 

a) Sugar: Sugar lends sweetness as well as structure. It enters in the inter-fibril structure of 

pectin and helps in the formation of gel. The jelly holds less water thus resulting in a stiff 

body in the presence of higher sugar. 

b) Acid: The fibrils of pectin become tough in the presence of acid and are thus able to 

hold sugar solution in the inter-fibrillar spaces. In the presence of large quantity of acid, 
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the fibrils lose their elasticity and subsequently the jelly becomes syrupy. However, the 

lower amount of acid results in the formation of weak fibrillar structure. The jelly becomes 

weak and tender. 

c) Pectin: Pectin substances present in the form of calcium pectate are responsible for the 

firmness of fruits. Pectin is the most important constituent in the gel formation with sugar 

and acid. Pectin tends to keep the sugar from crystallizing by acting as a protective 

mixture. But its effectiveness towards the prevention of crystallization is lost when the 

concentration of sugar is 70% or more. The jellying power depends upon the amount of 

pectin as well as its degree of polymerization. 

 

2.3.3. Determination of pectin quality 

The pectin quality in strained fruit juice or pulp is usually determined by two different 

methods: 

a) Alcohol test: One part of extracted fruit juice or filtered pulp is mixed with three parts of 

95% alcohol and is allowed to stand for few minutes. A single transparent lump or clot 

will be formed in case of extract rich in pectin. In that case, an equal amount of sugar is 

to be added. The formation of less firm and fragmented clot suggests the presence of 

moderate amount of pectin. Three-fourth of the amount of sugar is to be added. The 

formation of numerous small granular clots shows the poor content of pectin in the 

extract in which half the quantity of sugar is to be added. 

b) Jelmeter test: The jelmeter is held in the left hand with the thumb and forefinger. The 

bottom of jelmeter tube is closed with little finger. With the help of the spoon, the strained 

extract is poured into the jelmeter and held in the right hand, till it is filled to the brim. The 

little finger is removed from the bottom and the extract is allowed to drip for one minute, 

and the finger is replaced at the end. The reading of the level of extract in the jelmeter is 

noted. This reading indicates that how many parts of sugar are to be added to one part 

of juice. 

c) Jelly test:  

 Temperature test: The temperature of the jelly with a candy or jelly thermometer is 

taken. It should be 220°F. 

 Spoon or sheet test: A cool metal spoon is dipped into the boiling jelly mixture and 

lifted out. The drops will be light and syrupy when the mixture begins to boil. As the 

syrup continues to boil, the drops will become heavier. When two drops form together 

and sheet off the spoon it indicates that the jellying point is reached. 

 Refractometer test: The end point is determined with the refractometer to 68 Brix 
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2.3.4. Problems in jelly making: 

a) Failure of jelly to set: It is due to improper balance between various constituents of 

jelly e.g. lack of acid or pectin, addition of too much sugar, inaccurate measurement, 

insufficient cooking, over cooking and slow cooking prevents the pectin from building 

a proper network of gel. 

b) Cloudy jelly: Unclarified juice or pectin extract, under ripe fruit, non-removal of 

scum, premature gelation, over-cooking or pouring so slowly into containers can 

result in a cloudy jelly. 

c) Colour changes: Darkening at the top of the jars can be caused by storing them in 

too warm a place or by an imperfect jar seal. 

d) Colour fading: Fading can occur with red fruits if they are stored in too warm and 

too bright areas or stored too long as the natural colourants are highly susceptible to 

high temperature and light. Another possible cause of colour fading could be the 

insufficient processing to destroy the enzymes affecting colour on the elevated 

processing temperature might cause destruction. Trapped air bubbles can also 

contribute to the chemical changes by oxidation. 

e) Crystal formation: An excess of sugar can "Seed" the jelly when high methoxyl 

pectin is used. This excess sugar comes from overcooking, too little acid or from 

undercooking. Tartarate crystals can be formed in grape jelly, if juice is left to stand in 

cold for several hours before being used.  

f) Gummy and Excess softness jelly: Gummy jelly is the result of prolonged or over-

cooking in which more than desired inversion of sugar occurs. Excess soft can be 

caused by an imbalance of the proportions of sugar, juice or fruit, acid and pectin 

used. It can be solved by choosing fully ripened fruits. 

g) Weeping jelly: Synergetic is the phenomenon of spontaneous exudation of fluid from 

a gel and it is also called weeping jelly. It can be due to over-cooking, addition of too 

low sugar or premature gelation, insufficient pectin and storing in a warm place. 

“Weeping” occurs during quick-setting and is due to an imbalance of acid and pectin 

in fruit mixture or in the pectin quality of the fruit. 

h) Presence of mold and bubbles: The appearance of mold can be the result of 

imperfectly sealed jars and air borne contamination if insufficient sugar is used. The 

availability of water makes a favourable environment for contamination from the jars 

if they are not properly sterilized or left under processed. Mold is visible before the 

taste is affected. Presence of bubbles is usually caused when the jelly is not brought 

to the correct temperature before it is filled in jar. This can be rectified by filling them 

in a boiling water canner. 

 



Indian Institute of Food Processing Technology 

58 Master Trainers Handbook of Fruits and Vegetable Processing 
 

i) Stiff and Tough jelly: Over cooking or using too much pectin makes too tough jelly 

which fails to spread when applied on bread. Toughness happens because of excess 

natural pectin content of the fruit. It can be solved by choosing fully ripened fruit 

rather than unripened ones. 

 

The concentration process has been found to be effective method to increase the shelf life 

by reducing the water content. The methods used for the concentration of liquid foods 

depend on the factors such as the composition, heat sensitivity and the economics of the 

process. The products such as jam, jelly are fruit based sugar concentrates which can be 

produced from single fruit type or combination of different fruits. 

 

 The concentration of liquid foods is done by removal of water content from the initial 

liquid food that which gets condensed to give a concentrated final product with lesser 

water activity. 

 As the liquid food is concentrated, it helps to improve the product stability for a longer 

period of time and can be stored in room temperature without refrigeration. 

 Concentrating the liquid food is the most convenient way of extending the shelf life of 

foods by removing water or by destroying enzymes and microorganisms, responsible for 

food spoilage. 

 Jelly is a semitransparent fruit preserve made from fruit juice with the help of pectin. 

 Jelly should have 65% total soluble solids and 45% juice in final product as per FSSAI 

specification on weight by weight basis. 

 Sulphur dioxide / benzoic acid / sorbic acid in its calcium / sodium / potassium salts is 

permitted at maximum limit of 40/200/500 ppm. 

 There are three methods to test jelly for its completeness. 

• Temperature test 

• Spoon test 

• Refractometer test 

 Sugar lends sweetness as well as structure. 

 The finished jelly should contain 30-50% invert sugar. 

 Jelly becomes gummy and sticky in the presence of high amount of sugar. The presence 

of excess sugar in the fruit pulp can be rectified by adding pectin and acid or both. 

 Pectin is the most important constituent in the gel formation with sugar and acid and the 

jellying power depends upon the amount of pectin as well as its degree of 

polymerization. 

 Pectin quality is determined by alcohol and jelmeter test. 
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 Jam is a fruit product prepared by boiling the pulp of the fruits with sufficient amount of 

sugar to obtain the desired consistency which is able to hold the fruit tissues in position. 

 Pectin is used as the thickening agent in the jam preparation. 

 Sweetening agent used in the jam preparation is sugar or high fructose corn syrup or the 

combination of these two. 

 There are two ways by which setting time of the jam can be determined; 

• Saucer method 

• Spoon method 

• Temperature method 

 In the jam preparation, fruit pulp and sugar are mixed and heated. Throughout the 

process, the total soluble solids must be monitored until it reaches the value of 550 Brix. 

 Pectin is used in the form of solution and citric acid is added to to maintain the desired 

 pH in the range of 2.5 – 3.2. 

 

2.4. Osmotic dehydrated products 

The osmosis is a natural phenomenon of water removal from biological materials. Osmotic 

treatment is actually a combination of dehydration and impregnation processes. Osmosis 

process provides the modification of functional properties of food material and improving the 

quality of the final products, leads to attractive new products, and potential energy saving. 

Water is a solvent and this is the major component of food. The plant and animal cell is 

protected by cell wall and this cell wall is act as a semipermeable membrane which allows 

the water to pass through. Osmosis is a process that explains the movement of solvent such 

as water through a semi-permeable membrane. The sugar molecules cannot pass through 

due to the smaller pore size of the cell wall. There is net movement of water into or out of the 

cell and which direction it moves depends on whether the cell’s environment is isotonic, 

hypotonic, or hypertonic. Higher concentration of solute (sugar) and lower concentration of 

solution (Water) is called hypertonic solution. Higher concentration of solution (Water) and 

lower concentration of solute (sugar) is called hypotonic solution. When cell is in an isotonic 

solution, movement of water from out of the cell is equal to the movement of water into the 

cell. When water move from lower solute concentration (hypotonic) to higher solute 

concentration (hypertonic) side through the cell membrane due to its concentration gradient. 

This mass transfer occurs until the equilibrium state is achieved. 

 

Osmotic dehydration is a partial dehydration of perishables such as fruits and vegetables. 

When fruits and vegetables are dipped in hypertonic syrup solution, the following two effects 

occur. The water present in the fruit flows out to the solution and solutes present in the syrup 
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enters in to the fruit due to osmosis process. During the osmotic process, the product’s 

solution removal and osmotic solute uptake are simultaneous and countercurrent flows 

without any phase change. A negligible effect on the components present in the food such 

as acids, vitamins, minerals and colorants also occurs. Due to the complex internal structure 

and diffusion of solute in food systems leads an imperfect semi permeable membrane.  

 

During osmotic dehydration, the following actions happen; 1. Movement of water from the 

product to the solution. 2. Solute transfer from hypertonic solution to the food product.         

3. Trace of natural solutes present in the food material leach from food into the solution.       

4. Gas present in inter cellular space also removed.  

 

This osmotic dehydration process is a multi-component transfer process of two 

simultaneous, countercurrent solution flows and one gas flow. The solution flow out of food 

material is water mixed with solutes such as organic acids, reducing sugars, minerals, and 

flavor compounds that affect the organoleptic and nutritional characteristics of the final 

products. Soluble solids present in the osmotic solution are taken up by the food material. 

Gas flow is also out of intercellular space. The water loss during osmotic dehydration is 

divided into two phases. The rate of water removal is high for the initial period of 2 hours and 

the rate of water removal is slowly decreased from 2-6 hours. Water removal during osmotic 

process is mainly by diffusion and capillary flow, whereas solute uptake or leaching is only 

by diffusion. 

 

2.4.1. Factors involving in osmotic dehydration process  

a) Nature of the product: In osmotic dehydration, the water loss and solid gain is 

controlled by maturity, variety, tissue compactness, total soluble solids, intra cellular 

spaces, size and shape of the fruit and vegetables.  

b) Pretreatments: In general most of the dehydration process ends with significant 

quality losses like Chlorophyll degradation, enzymatic browning, structural 

disintegration occurs in the final product due to thermal application. Some preliminary 

treatment like blanching is required to retain the quality of the final product.  

 

2.4.2. Blanching 

Blanching is a process prior to freezing, canning, or dehydration wherefruits or vegetables 

are heat treated to  

 Inactivate enzymes that cause the development of off- flavors and off-colors. 

 To avoid structural modification.  

 To removes trapped air. 
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 To water replacement with metabolic gases within vegetable cells.  

 To facilitates peeling and dicing.  

 To reduce microbial load.  

 

How blanching is performed?  

Blanching is performed by different methods like water blanching, steam blanching, 

microwave blanching and gas blanching. Among these, hot water and steam blanching are 

the most commonly used methods. To prevent enzymatic browning reaction, fruits and 

vegetables are dipped in citric acid or calcium chloride (CaCl2) solution and to prevent 

discolouration fruits are treated in alkaline or acid solution prior to osmotic dehydration 

process.  

a) Characteristics of biological materials: Cell unit consists of a cell, extracellular space, 

and cell wall. The eventual cellular dehydration will strongly depend on the intercellular 

space present in the fruit tissue. The complex cell wall structure of plant materials acts as 

a permeable membrane. The variety and maturity of fruits and vegetables is an important 

factor that control water loss and solid gain in the osmosis process. The tissue 

compactness, inter cellular space, protopectin to soluble pectin ratio, entrapped air 

enzyme activity initial insoluble and soluble solids content of the fruit influences the 

osmotic dehydration process. Chemical composition such as carbohydrates, protein, fat, 

mineralsand vitamins, physical properties like porosity, cell arrangement, orientation of 

fibre and thickness of peel also an important factor that affects the osmotic dehydration 

process. Inter cellular space of the raw material has significant effect on shrinkage and 

rehydration ration of the product. The phenomena of volume change, water loss and 

solids gain can affect the different physical properties of the cellular material. Due to 

severe osmotic shock, first layer of cells at the depth of 1-2 mm from the surface dies.  

 

b) Osmotic agents and concentration: The most commonly used osmotic agents are 

sucrose and sodium chloride. Other osmotic agents such as lactose, maltodextrin, 

ethanol, glucose, glycerin, sorbitol, fructose, corn syrup, monohydroxy ethanol, honey, 

jiggery and corn syrups are also used. These agents are termed as humectants. The 

combination of different solutes can be used. Concentration of solution is a key factor in 

the osmotic dehydration process. Sugar diffusion rate is a function of its concentration. 

The change in sugar concentration and temperature are directly proportional to the water 

loss and sugar gain. In general, syrup strength in the range of 60 to 70 0Brix is optimum.  
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c) Circulation of syrup: The rate of osmotic process increases with circulation process. 

Due to agitation of syrup, at the surface of the food material localized dilution is reduced. 

But sometime that makes damage to the product. Generally, a ratio of cut fruits and 

osmotic solution is highly essential and 1:2 or 1:3 ratio is commonly practiced.  

 

d) Temperature and immersion time: The temperature is an important factor that highly 

influencing the osmotic process. Though the temperature enhances the osmotic process, 

the cell membrane is highly sensitive and gets damaged when temperature is beyond 

60oC.In general increase in immersion time results in increased water loss. The mass 

exchange took place at the maximum rate within the first two hours of the osmotic 

treatment. 

 

2.4.3. Advantages of osmotic dehydration  

 The effect of temperature is reduced in order to maintain the food quality such as 

flavor, colour, texture and rehydration properties. 

 This process uses less energy for dehydration.  

 Enzymatic browning is prevented and polyphenol oxidases activity is reduced.  

 This process is highly recommended for fruits and vegetables in order to reduce the 

volume and enhance the storage and transport. 

 

2.4.4. Amla Candy 

A fruit/vegetable impregnated with cane sugar or glucose syrup and subsequently drained 

free of syrup and dried is known as candied fruit/vegetable.  The most suitable fruits for 

candying are amla, pineapple, cherry, papaya, apple, grapefruit etc.  The process for making 

candied fruit is practically is similar to that for preserves.The ingredients are required for 

amla candy is amla (1 kg) and sugar (1 kg). 
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Process flow for Amla candy: 

Selection of Amla 

↓ 

Washing 

↓ 

Preparation for sugar treatments 

↓ 

Keeping fruit and sugar in alternate layers 

↓ 

Removal of amla 

↓ 

Increasing consistency of syrup to 60% TSS by boiling 

↓ 

Steeping of fruit 

↓ 

Repeating the process and raising strength of syrup 70% TSS 

↓ 

Steeping in 70% TSS for a day/week 

↓ 

Draining 

↓ 

Shade drying 

↓ 

Packing 

↓ 

Storage 

 

2.5. Preservation by chemicals 

“Preservative” is any substance which is capable of inhibiting, retarding or arresting the 

process of fermentation, acidification or other decomposition of food, but does not include 

commom salt (sodium chloride) saltpeter (sodium or potassium nitrate), sugar, acetic acid or 

vinegar, alcohol or potable spirits. Spices, essential oil or any other substance added to the 

food by the process of curing known as smoking. Chemical preservatives are of two types. 

There are: 

 Class-1 preservatives: Common salt sugar, dextrose, spices, vinegar, edible 

vegetable oil, honey and glucose syrup. 

 Class-2 preservatives 
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 Benzoic acid and its salt 

 SO2 and the salts of sulphuric acid 

 Nitrates  

 Sorbic acid and its salts  

 Propionic acid and its salts  

 Lactic acid and its salts. 

Among the class-2 preservatives, only two chemical preservatives are used in fruits and 

vegetables Preservation 

(i) Potassium meta bisulphite (KMS) 

(ii) Sodium Benzoate 

 

2.5.1. Sulphur dioxide 

It is widely used throughout the world in the preservation of juice, pulp, nectar, squash, 

crush, cordial and other products. It has good preserving action against bacteria and molds 

and inhibits enzymes etc. In addition, it acts as an antioxidant and bleaching agent. These 

properties help in the retention of ascorbic acid, carotene and other oxidizable compounds. It 

also retards the development of non-enzymatic browning or discoloration (after killing the 

enzyme) of the product. It is generally used in the form of its salts such as sulphite, 

bisulphate and metabisulphite.   

 

Potassium Meta bisulphite is commonly used as a stable source of sulphur di oxide. Being a 

solid, it is easier to use than liquid or gaseous sulphur di oxide. It is fairly stable in neutral or 

alkaline media but decomposed by weak acids like citric, tartaric and malic acids.  

 

The advantages of using sulphur dioxide are:  

 It has a better preserving action than sodium benzoate against bacterial 

fermentation. 

 It helps to retain the colour of the beverage for a longer time than sodium benzoate 

 Being a gas, it helps in preserving the surfave layer of juices also 

 Being highly soluble in juices and squashes, it ensures better mixing and hence their 

preservation, and  

 Any excess of sulphur dioxide present can be removed either by heating the juice to 

about 71oC or by passing air through it or by subjecting the juice to vacuum.  

 This causes some loss of the flavouring materials due to volatilization, which can be 

compensated by adding flavours.  
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The major limitations of sulphur dioxide are: 

 It cannot be used in the case of some naturally coloured juices like those of phals, 

jamun, pomegranate, strawberry, coloured grapes, plum etc., on account of its 

bleaching action, 

 It cannot be used for juices which are to be packed in tin containers, because it not 

only corrodes the tin causing pinholes but also forms hydrogen sulphide which has a 

disagreeable smell and reacts with the iron of the tin container to form a black 

compound, both of which are highly undesirable. 

 Sulphur di oxide gives a slight taste and odour to freshly prepared beverages but 

these are not serous defects if the beverage is diluted before drinking.  

 

 

2.5.2. Benzoic acid  

It is only partially soluble in water hence its salt, sodium benzoate, is used. Pure sodium 

benzoate is tasteless and odourless. In the long run benzoic acid may darken the product. It 

is therefore, mostly used in coloured products of tomato, phalsa, jamun, pomegranate, plum, 

watermelon, strawberry, coloured grapes. The antibacterial action of benzoic acid is 

increased in the presence of carbon di oxide and acid. E.g Bacillus subtilis cannot survive in 

benzoic acid solution in the presence of carbon dioxide. Benzoic acid is more effective 

against yeasts and molds. It does not stop lactic acid and acetic acid fermentation. 

 

2.6. Sauces 

A fruit/vegetable sauce of better quality should be cooked to such a consistency that it can 

be poured freely without fruit tissues separating out in the bottle. The colour should be bright. 

The neck of jar/bottle should be covered with paraffin wax layer for airtight sealing. Recipe 

used for preparation of fruit sauce as a general guideline is given in following table and 

explained as under: 

 

2.6.1. Procedure for preparing sauces 

Sauces are of thinner consistency as compared to ketchups and contain not less than 150B 

total soluble solid. Plum apple, papaya and mushroom etc are used successfully for 

preparation of sauces. High quality sauces are prepared by maceration of spices, herbs, 

fruits and vegetables in cold vinegar or by boiling. Thickening agents can also be added to 

sauces to prevent sedimentation of solid particles.  
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Table 2.1: Recipe for preparation of sauces from different fruits 

Recipe Tomato Apple Plum Mushroom Papaya 

Fruit pulp, kg 1 1 1 1 1 

Sugar, g 75 250 100 75 50 

Salt, g 10 10 20 25 14 

Cardamom, red chilies powder,  

g (each) 

5 10 10 5 5 

Ginger chopped, g 10 100 25 10 10 

Onion chopped, g  50 200 50 100 50 

Garlic chopped, g 5 50 10 10 5 

Acetic acid, ml 5 50 40 40 40 

Aniseed powder, cumin, g (each) 10 15 10 10 10 

Sodium benzoate, g/kg sauce 0.25 0.7 0.7 0.25 0.7 

 

The fruits are washed and cut in to pieces (plum and apricot are used as whole). Cook for 10 

minutes by adding little quantity of water in stainless steel (SS) pan or in pressure cooker. 

Pass heated fruits through pulper to separate skin and seeds. Fruit pulp can also used in 

preparation of sauce. Add half the quantity of sugar and place the spices in a muslin cloth 

bag and immerse in the pulp during cooking. Cook till the pulp is reduced to half the original 

volume. Remove the muslin bag and squeeze into pulp. Add acetic acid salt and remaining 

sugar. Heat the mass for few minutes. To judge the end point, place a spoon of sauce in 

plate, if no water oozes out, it indicates the end point or else more cooking is needed. Fill the 

finished product in sterilized glass bottle, crown corked and process in boiling water for 25-

30 minutes. Keep the bottles in cool and dry place. 

 

2.6.2. Problem during preparation of sauce  

Black neck: It is a formation of black ring in the neck of the bottles. It is caused by the iron 

which gets into the product from equipment metal or cap/crown cork. This iron when come in 

contact with tannins in spice forms ferrous tannate which on oxidation change to black 

colour. Prevention of black neck details are as given below: 

 Fill hot sauce at temperature not less than 850C. 

 Leave less head space in bottles (more air in bottles will result in more 

blackening). 

 Reduce the chances of iron contamination. 

 Partial replacement of sugar by corn syrup or glucose may prevent blackening. 

 Store bottles in horizontal or inverted position to diffuse the entrapped air/oxygen. 
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2.7. Ketch up 

Tomatoes are the widely used raw material for ketch up processing. It is made from strained 

tomato juice or pulp with the addition of spices, salt, sugar and vinegar (onion and garlic are 

added optionally) and contains not less than 12 per cent tomato solids and 25 per cent total 

solids. About one-third of the total sugar required is added at the time of commencement of 

boiling to intensify and fix the red tomato colour. If the whole quantity of sugar is added 

initially, the cooking time will be longer and the quantity of pulp will be adversely affected. 

Generally, the sugar content in ketch up/sauces varies form 10-26 per cent. On the other 

hand, salt bleaches the colour of the tomato product; it is therefore, desirable to add it 

towards the end of the cooking process. Spices are generally added in powdered form to the 

product by spice bag method. Instead of whole spices, essential oils of spices, oleoresins 

and spice extract can also be used. Essential oils, however, do not give the characteristic 

true aroma of whole spice but oleoresins provide true aroma. At present, spice extract is 

used in many industries for sauce/ketchup preparations. These do not adversely affect the 

colour of the product and are generally added a few minutes before the end of cooking. 

The salt content of the product should be 1.3-3.4 per cent. Good quality vinegar is essential 

for the preparation of high quality sauce/ketchup. It should contain 5.0-5.5 per cent acetic acid 

and should be added when the product has thickened sufficiently, so that the acid is not lost 

by volatilization. Tomato sauce/ketch up generally contains 1.25-1.5 per cent acetic acid. 

Sometimes glacial acetic acid (100 per cent acetic acid) is used which is colourless and 

cheaper than vinegar. In order to increase the viscosity and prevent the separation of pulp 

from clear juice, pectin can be added to the extent of 0.1 –0.2 per cent by weight of the 

finished product.  

 

2.7.1. Role of ingredients 

a) Spices: The spices should be of good quality and they should be added in the proper 

proportions to give an agreeable taste and flavour to the product. No single spice dominates 

the natural flavour of the tomato. The spices which are preferred in ketchup manufacture 

include red chili, black pepper, nutmeg, clove, cinnamon, cardamom, mace and cumin. 

Beside these spices seasonings like onion, ginger and garlic may also be used in ketchup 

recipe.  While adding spice certain precautions are recommended to produce excellent 

quality ketchup or sauce. 

 Red chili powder, spices, onion and ginger should be tied loosely in bag for better 

diffusion of flavoring principles in ketchup. 

 The head portion of clove should always be removed before its grinding as it may 

lead to black neck defect in ketchup. 
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 Normally garlic is not preferred seasoning in ketchup or sauce manufacture as its 

flavour may predominate over other spices. 

 Essence of clove, cinnamon and cardamom is preferred in place of using coarsely 

ground powder because of the convenience of use and better flavour note in finished 

product. 

The spices may be used in the following way during the manufacture of ketchup or sauce. 

 

a) Bag method: The coarsely ground spices are tied loosely in a muslin cloth bag and the 

bag placed in the tomato juice during boiling. The bag is pressed intermittently to release 

the flavouring component during processing. The proportion these spices should be 

standardized in such a way that they should not affect the colour of the resultant product 

and does not impart bitterness. This bag can be used for second batch also. This 

method has following drawbacks: 

 By chance opening of bag may spoil the whole batch. Even if we want to remove 

these, spice particles by passing it through sieve, it may darken the product. 

 Incomplete extraction of flavouring component, so, flavour of ketchup may vary from 

batch to batch. 

 Some of the volatile constituents may get lost during boiling. 

Still bag method yield ketchup of superior quality and it is most preferred for ketchup or 

sauce preparation at small scale or batch methods. The spice bag may also be used for 

subsequent batches and used spices may also be in pickle preparation. 

 

b) Use of oleoresins: Oleoresins are pure and natural extracts of spices, obtained by 

solvent extraction. These concentrated extracts contain all the flavour components, be it 

volatile oils or non-volatile resinous fractions. These are the resins of active flavouring 

component in some solvent.  The active flavouring molecule is extracted with a suitable 

solvent and it can provide the full flavour profile of the raw spice with quick release of the 

flavour. Application of oleoresins is advantageous in commercial production of ketchup 

or sauce.  The only limitation while using oleoresin is the cost of production. Oleoresins 

are added few minutes before the final boiling during the manufacture of ketchup or 

sauce. 

 

c) Use of extracts: Spice extract is prepared on large scale by steeping or boiling spices in 

vinegar. The aroma component of the spices gets extracted in vinegar and vinegary 

extract may be used in place of whole spice. It assists in maintaining the same taste and 

aroma and also standardizes the proportion of spices in the recipe. Nowadays, it is one 

of the most widely accepted methods of spice addition. 
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d) Sugar: Sugar is mainly used to adjust the sugar-to-acid ratio of the ketchup or sauce. 

Sugar may be added in the form of granular sugar, corn syrup and other syrups are 

used. However, granular sugar is most preferred one. About 1/3rd of sugar is added in 

the initial stage of boiling. This help in preserving the natural colour of the product. Rest 

of the sugar is added minute before final concentration is reached. Initial addition of 

sugar will adversely affect the colour of the product as cooking of the product with higher 

amount of sugar under acidic conditions flavour brown coloured ,Furfural, Commercial 

level, sugar level varies between 10-26%. Higher amount of sugar may impart higher 

sweetness which is not liked by consumers. 

 

e) Common salt: Salt bleaches the colour of the tomato and also dissolve to some extent 

copper from the processing equipment. It is, therefore, desirable to add towards the end 

point of the process.  Range of common salt varies between 1.5 to 3.5%, salt is added to 

enhance flavour of the product and exert preservative action to a lesser extent. Salt of 

very high purity is preferred for the ketchup manufacture. Salt also counteract the highly 

acidic flavour of the tomato pulp. 

 

f) Vinegar: Well matured salt-vinegar, cider vinegar or malt vinegar may be used as 

acidulant in the product.  However, these vinegars are not colourless; hence they may 

affect the colour of the finished product. Vinegar contains not less than 5 percent acetic 

acid. On industrial scale commercially available glacial acetic acid is preferred because 

of the following reasons. 

 Lower cost as compared to malt, or cider or salt vinegar 

 Glacial acetic acid is 100% acetic acid; hence it will have lesser effect of heating.  

 Vinegar is always added towards the end of the process in ketchup or sauce 

manufacture. Since it is a volatile product most of the acid will lose during cooking. 

Ketchup contains 1.25-1.50 percent acetic acid. Vinegar contributes towards the flavour 

as well as microbial stability of the ketchup. 

 

g) Thickening agent: Insufficient quantity of pectin in tomato juice, puree or paste 

invariably results in serum separation in ketchup during storage.  Ketchup prepared by 

cold pulping process contains very less amount of pectin due to incomplete solubilization 

and extraction of pectin. Likewise using variety with low pectin content may also 

necessitate addition of certain thickening agents. Hence, pectin (0.1 to 0.2%), corn 

starch (1%) and other hydrocolloids may be added to control this problem.  Xanthan gum 

is an ideal thickener for this type of products because of its acid stability and 

pseudoplastic flow properties it imparts.  The glass or sheen, which xanthan gum imparts 
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to these sauces or ketchup is another appealing factor for the consumer.  Pectin may 

also be added @ 0.1-0.2 percent by weight of finished product in clear juice or pulp to 

check the problem of serum separation and to also increase viscosity. 

 

2.7.2. Processing of ketchup 

a) Cooking & concentration: The tomatoes juice along with other ingredients is cooked 

and concentrated to get the desirable flavour, uniform taste and fine thickness or body.  

The cooking of ingredients may be carried out in open jacketed kettle or vacuum 

concentrator. The cooking continues till the concentration reached 25 percent TSS. 

However, concentration of 28-30 percent total solid is ideal as further increase may 

adversely affect the flavour of the product. However, to improve the stability of ketchup 

slightly higher amount of sugar, salt and vinegar is added. 

 

b) Bottling & Packaging: The ketchup after attaining the desired total solid level and 

consistency is finally passed through a finisher to remove any tomato fibre, seeds and 

any other suspended solids. The Ketchup or sauce after cooking should be bottled hot at 

85-88℃ to prevent browning and loss of vitamin during subsequent storage and 

distribution.  Hot filling of bottle also assist in creation of vacuum in the headspace during 

the cooling of ketchup. The crown cork used for ketchup bottle should be lined with 

polyvinyl chloride (PVC) to prevent the contact of ketchup with the metallic portion to 

avoid the black neck formation. However, nowadays sauce and ketchup is also packed 

in laminated flexible packaging materials consisted of polyethylene (PE), polyester (PET) 

and aluminum. These polymers may be co-extruded in different combinations to get the 

desired functional and mechanical properties. Sauce and ketchup require protection from 

oxidation and moisture migration/ingress. Moreover, certain squeezable bottles are also 

used for the packaging of these products. Bottled and packaged products are stored 

under ambient temperature (30-35℃) under dry places. 

 

c) Pasteurization: Although, hot filling of the ketchup in bottle is considered safe for 

consumption and have sufficient shelf-life, but still come manufacturers prefer further 

thermal treatment. The hot filled bottles are pasteurized in hot water (85-88℃) for 30-35 

minutes. Care must be taken to cool the bottle immediately after pasteurization to avoid 

the degradation of nutrients and over-processing. Shelf-life is also enhanced by using 

preservatives. 
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2.7.3. Recipes  

a) Tomato ketchup 

 Ingredients 

 Tomato juice 1 kg 

 Sugar 75 g 

 Salt  10 g 

 Onion (chopped) 5 g 

 Garlic (chopped) 10 g 

 Ginger 5 g 

 Red chillie powder 5 g 

 Cloves (heads removed) 5 no 

 Cinnamon 10 g 

 Cardamom 10 g 

 Black pepper 10 g 

 Cumin 10 g 

 Vinegar 25 ml   (or) 

 Sodium benzoate  0.25 g/kg 

 

Method  

 Select well ripened tomatoes with red colour. Wash thoroughly in water 

 Chop into pieces and boil for 5 to 6 minutes and extract the pulp 

 Weigh the ingredients. First add 1/3 of the sugar to the juice and start heating 

 Place the spices (onion, garlic, cloves, cardamom, black pepper, cumin, mace, 

cinnamon and chilli powder) in a muslin or cloth bag 

 Tie it loosely and immerse it in the juice 

 Continue heating till the juice volume is reduced to 1/3 of the original volume, 

 Remove the spice bag and squeeze it well. Add back the spice extract 

 Add vinegar, salt, and remaining sugar. Mix well and heat again for about a minute 

to bring it to boiling point 

 Mix sodium benzoate of the finished product. 

 Fill the hot material into sterilized narrow mouth bottles up to the brim and seal 

them air tight using crown corks. 

 Wash the bottles in hot water and allow them to air cool. 

 Store them in a cool and dry place. 
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b) Tomato Soup 

Ingredients  

  Tomato pulp                                          - 10 kg 

  Water                                                     - 3.5 kg 

  Onion (chopped)                                    - 150 g 

  Salt                                                         - 180 g 

  Butter                                                      - 180 g 

  Sugar                                                      - 200 g 

  Corn flour                                               - 100 g 

  Garlic (Chopped)                                    - 10 g 

  Pepper (ground)                                      - 10 g 

  Cinnamon, cardamom  

  Cumin, cloves 5 g each 

  Pepper, mace 

 

Method  

Use firm and fully ripened red tomatoes and chop them into pieces 

 Heat for 5 to 10 minutes till the skin separates out from the pulp. Strain the pulp 

through mosquito net cloth to remove seeds and skin  

 Heat the tomato pulp to boiling point and add butter 

 Add onions and garlic and simmer for 30 minutes 

 Add salt, sugar and pepper and simmer for further 30 minutes 

 Make corn flour into a thick paste, boil and strain it through cloth 

 Mix the strained liquid with boiling tomato juice 

 Heat it again and fill hot into A1 tall cans (not below 70°C) 

 Seal the cans and process for 45 minutes at 115.5°C or 0.7 kg per sq. cm pressure 

in pressure cooker 

 Cool the cans and store 

Note: Coarsely ground spices, chopped onion and garlic may be tied in a cloth 

bag and immersed in pulp while cooking 

 

2.7.4. Defects in Ketchup 

The two most common observed defects in ketchup are: serum separation and blackening 

specially around the neck.  The latter defect is referred as Black neck defect. The tannins 

present in spices get extracted into the ketchup and when these phenolic compounds come 

in contact with iron leached out either from processing vessels or from the closure of ketchup 
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bottles, they form ferrous tannate. This compound undergoes oxidation and form ferric 

tannate and it is a black coloured compound. To check it one should not use iron or copper 

utensils and headless clove should be used. The inner lining of bottle cap should be of PVC. 

Problem of serum separation as already been discussed in Section 2.4.5. Among the 

microbiological problem mold growth is the most serious one. Microbial growth can be taken 

care by adding chemical preservatives especially benzoic acid. Benzoic acid is added in the 

form of its sodium or potassium salt because of almost 54 times higher solubility of salt as 

compared to benzoic acid. As per FSSA guidelines the maximum permissible limit of benzoic 

acid is 750 ppm. 

 

2.8. Pickles 

Pickles mean the preparation made from fruits or vegetables or other edible plant material 

including mushrooms free from insect damage or fungal infection, singly or in combination 

preserved in salt, acid, sugar or any combination of the three. The pickle may contain onion, 

garlic, ginger, sugar jaggery, edible vegetable oil, green or red chillies, spices, spice 

extracts/oil, lime juice, vinegar/ acetic acid, citric acid, dry fruits and nuts. It shall be free from 

copper, mineral acid, alum, synthetic colours and shall show no sign of fermentation.  

Pickle is one of the most ancient methods of preserving fruits and vegetables. Pickles are 

good appetizers and add to the palatability of a meal. They stimulate the flow of gastric juice 

and thus help in digestion. Pickling is the process by which fresh fruits and vegetables are 

preserved and with the addition of salt, chilly and spices. There are several varieties of 

pickles and they are consumed throughout the year by people from all walks of life. 

Unimaginable quantities of pickles are consumed round the year. On an average, each 

family consumes about 2 kgs of pickles every year. Several kinds of pickles are sold in the 

Indian market. Mango pickle ranks first followed by cauliflower, onion, turnip and lime 

pickles. These are commonly made in homes as well as commercially manufactured and 

exported. Millions of tonnes of mangoes, lemons, chillies and other items are used in India to 

prepare a variety of pickles. It is estimated that in our country numerous varieties of pickles 

are available for which the total annual market is valued at Rs. 40,000 million. 

 

2.8.1. Preservation by salt 

Salt at a concentration of 15- 25 % is sufficient to preserve most products. It inhibit 

enzymatic browning and discolouration and also acts an antioxidant, salt in the form of brine 

is used for canning and pickling of vegetables and curing of meat. Salt has been reported to 

have the following effects: 

 It causes high osmotic pressure and hence plasmolysis of cells  
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 It dehydrates food by drawing out and tying up moisture and dehydrates microbial 

cells. 

 It ionizes to yield the chloride ion which is harmful to organisms  

 It reduces the solubility of O2 in the moisture  

 It sensitizes the cell against CO2 

 It interferes with the action of proteolytic enzymes. 

Sodium chloride is an indispensable component of food. At lower concentration it contributes 

significantly to the flavour. At higher concentrations it exhibits an important bacteriostatic 

action.  

 

Uses of salt 

Application of salt in commercial food processing may be classified on the basis of objective 

on the product in which it is used or on the basis of particular operations. 

The most important uses includes the following: 

 As a flavouring ingredient with universal appeal. Salt is the major ingredient of the 

brines in which vegetables are canned. In canned products it also improves the 

flavour and acceptability. 

 Sodium chloride reduces the sourness of acids and increases the sweetness of 

sugar. 

 It reduces the bitterness of the products 

 It controls the lactic acid fermentation in sauerkraut and other types of pickles. 

 It acts as a preserving agent in the brine storage of cucumbers and citrus peels. 

 Inhibit enzymatic browning and discoloration in the peeled, sliced or cut vegetables 

and fruits. 

Salt water blanching has been used to prevent absorption by peas and beans of Ca and Mg 

salts from hard water and reduces losses by leaching of soluble constituents. Several kinds 

of pickles are sold in Indian market. Mango pickle ranks first. These are commonly made in 

homes as well as commercially manufactured and exported. Fruits are generally preserved 

in sweetened and spice vinegar, while vegetables are preserved in salt: 

 

2.8.2. Pickling process 

Pickling is the result of fermentation by lactic acid forming bacteria which are generally 

present in large numbers on the surface of fresh vegetables and fruits. These bacteria can 

grow in acid medium and in the presence of 8-10% salt solution where as the growth of a 

majority of undesirable organisms is inhibited. Lactic acid bacteria are most active at 30 C, 

so this temperature must be maintained as far as possible in the early stage of pickle 

making. 
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When vegetable s are placed in brine, it penetrates into the tissues of the vegetables and 

soluble material present in them diffuses into the brine  by osmosis. The soluble material 

includes fermentable sugars and minerals. The sugars serve as food for lactic acid bacteria 

which convert them into lactic acid and other acids. The acid brine thus formed acts upon the 

vegetables tissues to produce the characteristics taste and aroma of pickle. There are two 

methods for pickling: 

 

Dry salting method 

Alternate layers of vegetables and salt are kept in a vessel which covered with a cloth and 

wooden board and allowed to stand for about 24 hrs. During this period, due to osmosis, 

sufficient juice comes out from the vegetables to form brine. 

 

The amount of brine required is usually equal to half the volume of vegetables. Brining is the 

most important step in pickling. The growth of a majority of spoilage organisms is inhibited 

by brine containing 15% salt. Lactic acid bacteria, which are salt tolerant, can thrive in brine 

of 8-10% strength. Though fermentation takes place fairly well even in 5% brine, in brine 

containing 10% salt to some extent up to 15% but stops at 20% strength. It is therefore, 

advisable to place the vegetables in 10 % salt solution for vigorous lactic acid fermentation. 

     

As soon as the brine is formed, fermentation process starts and CO2 begins to evolve. The 

salt content is now increased gradually, so that by the time the pickle is ready, salt 

concentration reaches 15% when fermentation is over gas formation ceases. 

 

Under favourable conditions fermentation is completed in 7 – 10 days. When sufficient lactic 

acid has been formed, lactic acid bacteria cease to grow and no further change takes place 

in the vegetables. However, precautions should be taken against spoilage by aerobic 

microorganisms, because in the presence of air , pickle scum is formed which brings about 

putrefaction and destroyed the lactic acid. Properly brined vegetables keep well in vinegar 

for a long time. 

 

Fermentation in brine 

Steeping of the vegetable in a salt solution of pre determined concentration for a certain 

length of time is called brining. This type of treatment is adopted in case of cucumbers and 

similar vegetables which do not contain sufficient juice to form brine with dry salt. Brine can 

be prepared by dissolving in common salt in water and filtering it through the cloth to remove 

insoluble impurities. The remaining process is similar to that dry salting method. 
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2.8.3. Raw materials used in pickling 

a) Salt: Free from impurities and salts such as lime, iron, magnesium and carbonates. 

b) Vinegar: Vinegar of good quality should contain at least 4% acetic acid, Synthetic 

vinegar or low quality vinegar is not suitable for pickle preparations. Usually malt or cider 

vinegar is used. In order to ensure good keeping quality pickle, the final concentration of 

acetic acid in the pickle should not be less than 2%. Acetic acid is also used because it is 

highly concentrated. 

c) Sugar: Used in the preparation of sweet pickles should be of high quality. 

d) Spices: Spices are added practically to all pickles the quantity added depending upon 

the kind of fruit or vegetable taken and kind of flavour desired. The spices generally used 

are bay leaves, cardamom, chillies, cinnamon, cloves, coriander, dill herb, ginger, mace, 

mustered , black pepper, cumin , turmeric, garlic, mint fenugreek, asfoetida etc. 

e) Water: Only potable water should be used for the preparation of brine. Hard water 

contains salts of Ca, Na, Mg, etc., which interfere with the normal salt curing of the 

vegetable. If hard water is to be used , a small quantity of vinegar should also be added 

to the brine to neutralize its alkalinity. Iron should not be present in the water in any 

appreciable quantity as it causes the blackening of the pickle. 

f) Cooking utensils: Metallic vessels should be non corrodible. Vessel made of iron or 

copper are not suitable. Glass lined vessel and stainless steel vessels are preferred. The 

ladles, spoons and measuring vessels should also be made on non corrodible materials. 

At present pickles are prepared with salt, vinegar, oil or with a mixture of salt, oil, spices 

and vinegar. These methods are discussed below. 

 
2.8.4. Types of Pickles 

a) Preservation with salt: Salt improves the taste and flavour and hardens the tissues of 

vegetables and controls fermentation. Vegetable do not ferment when they are packed 

with a large quantity of salt, bringing its final concentration in the material from 15-20%. 

At this high salt concentration, mould and even lactic acid forming bacteria do not grow. 

This method of preservation is applicable only to vegetable which contain very little sugar 

because sufficient lactic acid cannot be formed by fermentation to act as preservative. 

Some fruits like lime, mango, etc. are also preserved with salt. 

Lime pickle: 
Lime  - 1 kg 

Salt   - 200 g 

Red chilli powder  - 5 g 

Cinnamon, cumin, cardamom - 10 g 
and black pepper each               

Cloves   - 5 nos 
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Process: Lime Washing Cutting into 4 pieces Squeezing out juice from ¼ amount of 

fruit Mixing spices and salt with juice Mixing with lime pieces Filling in jars Covering 

with lid Keeping in sun for 4-6 days Storage at ambient temperature. 

 

b) Preservation with vinegar: In vinegar pickles, vinegar acts as a preservative. The final 

concentration of acids in the finished pickle should not be less than 2%. To avoid dilution 

of vinegar below this strength by the H2O liberated from the tissues, the vegetables or 

fruits are generally placed in strong vinegar of about 10% acidity for several days before 

final packing. This treatment helps to expel the gases present in the intercellular spaces 

of vegetable tissues. Papaya, pears, onion, garlic, chilli, mango and cucumber pickles 

are prepared in this method. 

Cucumber pickle: 

Cucumber                   - 1kg 

Salt                             - 200g 

Red chilli powder     - 15g 

Cardamom, cumin, 

Black pepper each     - 10g 

Cloves   - 6nos 

Vinegar                       - 750ml 

Process: Cucumber Washing Peeling Cutting into 5 cm round pieces Mixing with 

salt Filling in jar Standing for 6-8 hrs Draining off water Adding spices and vinegar 

Keeping for a week Storage. 

 

c) Preservation with oil: The fruit or vegetable should be completely immersed in the 

edible oil. Cauliflower, lime, mango, amla, karonda, bittergourd, brinjal, turnip pickles are 

prepared from this method. 

Green chilli pickle: 

Green chilli - 1kg 

Salt  - 150g 

Mustard - 100g 

Lime juice - 200ml or  

Amchur powder - 200g 

Fenugreek, cardamom,  

Turmeric, cumin each - 15g 

Mustard oil - 400ml 
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Process: Green chilliesWashing DryingMaking incisionMixing all spices in a little 

lime juiceMixing with chilliesFilling into jar Adding lime juice and oil Keeping in sun 

for a week Storage. 

 

d) Preparation with mixture of salt, oil, spices and vinegar: 

Tomato pickle: 

Tomatoes  - 1kg 

Salt    - 75g 

Garlic Ginger  - 10g 

Red chilli powder        - 50g  

cumin, cardamom,  

cinnamom, turmeric,  

fenugreek each - 10nos 

Asafoetida   - 2g 

Vinegar                  - 250 ml 

Oil                               - 300ml 

Process: 

Tomatoes Washing  Blanching for 5 mints Cooling immediately in waterPeeling 

Cutting into 4-6 pieces or mashing Frying all ingredients in a little oil except vinegar 

Mixing with pieces Heating for 2 min Cooling Addition of vinegar and remaining oil 

Filling in jar Storage. 

 

e) Preservation of onion in brine solution: Steeping preservation of onion is convenient 

as well as economical for extension of the shelf-life of onion and also for transport to the 

distant places. The method is simple, economical and onion can be preserved for 

periods ranging from 3-6 months by steeping them in concentrated solutions of salts and 

or acids. Steeping preservation of onion helps to extend shelf life. Cleaned onion are 

washed in plain water or chemical-added water and filled in large plastic containers. Five 

minutes blanching in brine solution is done before filling them in containers. Brine 

solution is then added into the cans or containers.  

 

Method  

 Selection of small onion with good quality. 

 Peel the onion and trim it well. 

 Blanch the small onion into steam for 3 minutes.  
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 Keeping in 2% salt, 0.2 % vinegar and 0.1 % Potassium Meta bisulphite solution 

in glass bottles.  

 Store in refrigerated temperature. 

 

Onion pickle 

Onion    - 1 kg 

Oil    - 300ml 

Mustard   - 10 g 

Fenugreek powder  - 5 g 

Asafetida   - 5 g 

Turmeric powder  - 2 g 

Tamarind   - 30 g 

Salt    - 30 g 

Chilli powder   - 30 g 

Vinegar   - 20 ml 

Sodium benzoate  - 0.1 g  

 

Method 

 Add oil into the pan. 

 Add mustard, fenugreek powder, asafetida powder turmeric powder. 

 Then add onion, fry it well. 

 Add salt, tamarind pulp in medium flame. 

 Then add chilli powder. 

 Allow it to cook till oil ooze out. 

 

2.8.5. Problems in pickle making 

a) Bitter taste:  Use of strong vinegar or excess spices or prolonged cooking of spices 

imparts a bitter taste to the pickle. 

b) Dull and faded product: This is due to use of inferior quality material or insufficient 

curing. 

c) Shrivelling: It occurs when vegetables are placed directly in a very strong solution of 

salt or sugar or vinegar. Hence a dilute solution should be used initially and its strength 

gradually increased. 

d) Scum formation: When vegetables are cured in brine, white scum always form on the 

surface due to the growth of wild yeast. This delays the formation of lactic acid and also 

helps the growth of putrefactive bacteria which cause softness and slipperiness. Hence, 
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it is advisable to remove scum as soon as it is formed. Addition of 1% acetic acid helps 

to prevent the growth of wild yeast in brine, without affecting lactic acid formation. 

e) Softness and slipperiness: Due to inadequate covering with brine or use of weak brine. 

f) Cloudiness: In some vegetables the acetic acid cannot penetrate deep enough into its 

tissues to inhibit the activity of bacteria and other microorganisms, present in them. 

Fermentation stars from inside the tissues, rendering the vinegar cloudy. This microbial 

activity can only be checked by proper bring Cloudiness may also be caused by use of 

inferior quality vinegar or chemical reaction between vinegar and minerals. 

g) Blackening: It is due to the iron in the brine or in the process equipment reacting with 

the ingredients used in pickling. Certain microorganisms also cause blackening. 

 

2.9. Chutney  

Chutney is one the important products prepared from fruits and vegetables. Salt, spices, 

sugar, acid in these products is added to improve taste and to act as a preservative. These 

products are well known for their palatability and appetizing nature. Mango, apple, plum, 

apricot, tomato, carrot etc are the raw materials for these products. Mango chutney, plum 

chutney and mixed fruit chutney are quite popular. Fruit chutney is a product-made in the 

same way as that of jam except that spices, salt and vinegar are also added. Vinegar extract 

of the spices is added most preferably in place of whole spices. The chutney shall contain 

minimum of (40% fruit)(w/w) in the final product with total soluble solids not less than 50% 

and acidity not exceeding 2.1%. 

 

2.9.1. Different Formulation of Fruit chutney 

The recipe for preparation of fruit chutney from different fruits is given in following table as a 

general guideline and method is discussed as under: 

Recipe Mango Apple Plum Apricot Papaya 

Fruit slices/pulp, kg 1 1 1 1 1 

Sugar, gm 750 750 750 1000 750 

Cumin, black pepper, 
cinnamon, aniseed, g (each) 

10 10 10 10 10 

Cardamom (large), red chillies 
powder, g (each) 

10 10 10 10 10 

Salt, g 45 45 45 45 45 

Onion chopped, g  50 250 50 50 100 

Garlic chopped, g 15 15 15 10 15 

Vinegar, ml 170 200 175 150 200 

Clove (headless), No’s 4-5 4-5 5 5 5 

Sodium benzoate (ppm) 250 250 250 250 250 
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2.9.2. Procedure for preparing chutney 

The fruit/vegetable is cut into slices of suitable size and softened by dipping in boiling water. 

Slow cooking is preferred to yield better product than that of bristle heating at high 

temperature. Onion and garlic are added at the start to mellow their strong flavour. Spices 

are coarsely powdered and added. Spices can also be added by placing all ingredients in a 

cloth bags, loosely tied and placed in the mixture during cooking. Vinegar extract of spices 

can also be added. The vinegar is added just little before final stage of boiling. In place of 

vinegar, acetic acid can also be used as source of acidity. The product is cooked to a 

consistency of jam and filled hot into sterilized jars. The product can be pasteurized and 

processed at 820C for 30 minute. The storage of chutney is done at ambient temperature in 

cool and dry place. 

 

a) Apple chutney: Apple chutney is also prepared as mango chutney. The fruit slices are 

cooked with salt. All spices except vinegar and sugar are added and the mixture is 

cooked gently to the desired consistency. Sugar is then added and cooking for 5 minutes 

is done. Hot filling of chutney in glass jars followed by sealing helps to keep chutney for 

longer time. The jars are stored in dry and cool place. 

 Note: Chutney from plum, apricot, papaya etc is also prepared similarly as mango 

chutney. 

b) Tamarind chutney Tamarind chutney is a sour, spicy pickle that is eaten as an 

accompaniment to curries and other main meals. It is a mixture of tamarind and spices 

with a layer of oil on the surface. The product will store well for several months.  

 Ingredients: Tamarind 1kg, Sugar 1kg, Spices (per kg pulp): Coriander 40g, Cumin 50g, 

Black cumin 30g, Cloves 3-4 pieces, Cardamom 3-4 pods, Cinnamon 3-4 pieces, Chillies 

10-12, Salt 30g, Vegetable oil 250ml, Caraway seeds 15g and Pepper 30g  

 Process details  

 Select fresh mature but unripe tamarind fruits. Discard fruits that are ripe, over-ripe, 

infected or damaged. Rinse well in clean water. Crack the pods by hand and 

separate the pulp from the broken shells.  

 Peel and remove the fibres, shell pieces and seeds from the pulp. For dried tamarind, 

soak the fruit in water for up to 12 hours until the fruit has softened. Remove the 

stones and fibres and drain off the excess water.  

 Add sugar to the pulp (1kg sugar per kg pulp)  

 Heat the pulp and sugar. Stir continuously to prevent it burning at the base of the 

pan. 

 Dry roast the individual spices and grind. Mix with the oil and salt to make a paste.  
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 Add the spice paste to the thick tamarind pulp. Mix thoroughly and continue to heat 

for 20 minutes. 7. Pour the hot pickle into pre-sterilised jars and seal. Cool to room 

temperature, and label. 

 

2.10. Processing of Fruit Juices 

Tropical countries, like India, have a vast scope of providing delicious cold drinks during hot 

summer particularly the fruit beverages. Due to increased consumer awareness with respect 

of quality, safety and health, these fruit beverages are becoming more and more popular and 

are gradually acquiring a chunk of the market share of cold drinks. Fruit beverages are easily 

digestible, highly refreshing, thirst quenching, appetizing and nutritionally far more superior 

to the synthetic aerated drinks. Fruit beverages can be classified as fermented and 

unfermented.  

 

Fruit juices are made from pure filtered fruit juice with nothing added. Sodium benzoate can 

be added as a preservative to extend the shelf life, but this is not essential. Properly 

pasteurised juice has a shelf life of several months. Most fruits can be used to make juice. 

The most popular ones are pineapple, orange, mango, grapefruit and passion fruit. 

 

Some fruit juices, such as guava juice are not filtered after pulping. These are bottled and 

sold as fruit nectars. 

 

Squashes and cordials are concentrated, sweetened drinks made from a 30% mix of fruit 

pulp and sugar syrup. They are diluted before drinking. The sugar concentration must be 

high enough (12-14%) to preserve the squash after the bottle has been opened. 

 

2.10.1. Principle 

Fruit beverages are prepared from fruit juices or pulp and preserved by chemical 

preservatives or by heat application. 

 

2.10.2. General method for preparation of fruit juice 

The general process for the preparation and preservation of unfermented fruit beverages is 

as follows: 

 Select only fully ripe and quality fruits. Care should be taken not to include either 

over ripe or under ripe fruits as it affects the final product quality. 

 Sort and reject/trim diseased, damaged or decayed fruits. Wash them properly with 

water or dilute hydrochloric acid (1part acid: 20 parts water) to remove dirt and 

spray residues of arsenic, lead, etc. 
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 Extract juice from fresh fruits by crushing and pressing them by using suitable juice 

extractors, basket presses or fruit pulpers. Fruits, which require preheating, should 

be preheated before extraction. 

 Strain and filter the juice to remove suspended matter consisting of broken fruit 

tissue, seed, skin, etc. Clarify the juice if required using a suitable method. 

 Fortify the juices with vitamins to enhance their nutritive value, to improve taste, 

texture or colour and to replace nutrients lost in processing, if required. 

 The preservation could be by physical methods (pasteurization, sterilization, etc.) or 

by chemical preservatives. 

 Wash packaging bottles thoroughly with hot water and fill them leaving 1.5 to 2.5 cm 

headspace. Seal with crown corks (by a crown corking machine) or with caps (by 

capping machine). 

 

2.10.3. Processing details for juice  

a) Preparation of the fruit: Fruit should be washed in clean water, peeled and the stones 

removed. All fruit should be ripe and free from bruising. Any rotten or bruised fruit should 

be thrown away as this will spoil the flavour of the juice. Pineapple contains an enzyme 

that damages the skin. Therefore, gloves should be worn when handling pineapple. The 

juice must be heated to a higher temperature for a longer time to destroy the enzyme (it 

must be boiled for 20 minutes). Soft fruit, such as berries and apricots, are delicate and 

should be handled carefully to avoid bruising.  

 

b) Pulp/Juice Extraction: Juice is extracted in a number of different ways - steaming, 

reaming, pressing and pulping. Fruit can be pulped in a liquidiser. A range of fruit 

presses are available to extract the juice. Some machines combine pressing with 

filtration to remove the fine particles. To make fruit squash or cordial, the extracted fruit 

juice is mixed with sugar syrup to give a final sugar concentration of 12-14%. See added 

ingredients.  

 

c) Added Ingredients: Pure fruit juices have no added ingredients, but sometimes 

preservatives such as sodium benzoate or citric acid are added. Fruit squashes have 

sugar added to preserve the squash after opening.  

 

d) Sugar: Sugar is added to fruit juice to make a fruit squash or cordial. It is added to give a 

final concentration of 12-14% sugar. The amount of sugar present in the fruit has to be 

taken into account when calculating the amount of sugar to add. The amount of sugar 

added to a fruit squash is also determined by consumer taste and demand for 
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sweetness. The amount of sugar syrup to be added to the juice to give a final 

concentration of 12-14% can be calculated by using the Pearson Square. Sugar syrups 

should be filtered through a muslin cloth to remove particles of dirt that are present in the 

sugar.  

 

e) Filtration: To make clear bright juice, the juice should be filtered to remove the fine 

suspended particles. The juice can be strained in a muslin cloth bag, or filtered using a 

steel filter. Pectic enzymes are sometimes added to the juice to break down the pectin 

which is naturally present and which gives the juice a cloudy appearance. 

 

f) Fill and seal: At the small-scale, containers can be filled simply using a funnel and a jug. 

For larger scale operations a range of filling machines are available. The juice containers 

should be thoroughly washed and sterilised before filling. Bottles that are recycled should 

be checked for cracks and chips. Only new caps should be used for sealing the bottles.  

 

g) Heat Treatment/Pasteurize: At the small-scale, the filled bottles of juice can be 

pasteurized in a stainless steel, enameled or aluminium pan over a gas flame. Care 

should be taken to avoid localized overheating. A range of small-scale pasteurizing units 

are available. To make fruit squash, the sugar syrup is heated to boiling in a large pan. A 

measured amount of syrup is mixed with the fruit juice in a stainless steel pan, which 

increases the temperature of the juice to 60-70deg C. The juice/syrup mixture is quickly 

heated to pasteurizing temperature and hot filled into sterilized bottles and sealed. Fruit 

juice is pasteurized after it has been bottled. The filled bottles are heated in boiling water 

for 5-10 minutes depending on the size of the bottle. Both the time and temperature of 

pasteurization are critical to achieve the correct shelf life and to retain the colour and 

flavour of the juice. The time depends on the size of bottles. 

 

Size of bottles 

(litres) 
Pre-heating 

Pasteurization time 

(minutes) 

0,33 yes 20 

0,5 yes 25 

0,75 yes 30 

 

The principles of pasteurization: Pasteurization is a relatively mild form of heat treatment, 

generally at a temperature lower than the boiling point of water. Because it is a mild heat 

treatment, pasteurization causes minimal changes in the taste, colour and nutritive value 
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of a food. Foods (fruit and vegetable juices and purees) are generally pasteurized to 

reduce enzyme and microbial activity and thereby increase the shelf life. Pasteurization 

extends the storage life of bottled fruits and juices by several months. Pasteurization is 

often combined with another form of preservation such as concentration, acidification 

and chemical preservation. The severity of heat treatment and the resulting extension of 

shelf life are mostly determined by the pH of the food. In low acid foods (pH>4.5) the 

main purpose is to destroy pathogenic bacteria. In foods with pH below 4.5, the main 

purpose is to destroy spoilage micro-organisms and prevent enzyme activity. Blanching 

is a form of pasteurization that is applied to vegetables to inactivate enzymes and to 

preserve colour. Blanching, when carried out for long enough, can also destroy some 

micro-organisms. Some low pH foods, for example fruit juices and pickles, are 

pasteurized in their containers after packaging. The process is similar to canning, but the 

heat treatment is less severe. The benefit of pasteurizing in containers is that the risk of 

contamination of the product after packaging is greatly reduced. The main factors that 

influence pasteurization of a food are as follows: 

 Temperature and time 

 Acidity of the products 

 Air remaining in the containers 

 

h) Cooling: After heating, the bottles are cooled to room temperature by immersing them in 

clean cold water. If the bottles are cooled too quickly they will crack and break.  

 

i) General: All equipment must be thoroughly cleaned each day to prevent contamination 

by insects and micro-organisms.  

 

2.10.4. Calculation for pilot scale juice production 

The calculation details of fruit beverages are processing from fruit juices or pulp and 

preservation by chemical preservatives or by heat application are discussed below: 

 

a) Squash 

Squash should contain at least 25% fruit juice or pulp and 40 to 50% total soluble solids 

commercially. About 1% citric acid and 350 ppm Sulphur dioxide or 600 ppm sodium 

benzoate are added as preservatives. 

 

Method of preparation: For the preparation of 10 litres of squash follow the procedure 

given below:  

 Calculate the amount of juice required as per commercial specification 
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  Required juice = (25/100) X 10 = 2.5lts. 

 Measure the TSS using a refractometer (say the TSS is30%) 

Calculate the total solids content of the juice i.e. 0.3 X 2.5 = 0.75 kg 

The final required TSS content in the product is to be say 50% 

The TSS required to be added to obtain the final product is (0.5X10–0.75) kg=4.25 

kg 

 The amount of soluble solids in the form of citric acid and KMS is Citric acid @ 1%, in 

the final produce is 100 g i.e. 0.1kg.600 ppm SO2 (1.5g/litre  of  KMS  being  

equivalent  to  1000  ppm) @ 0.9g KMS/litre. i.e. 0.9 x 10 = 9 g i.e 0.009kg. 

 Amount of solids to be added in the form of sugar is4.25 – (0.1+0.009) = 4.141 kg. 

Ingredients  

Juice  - 2.5 kg 

Sugar  - 4.141 kg 

Citric acid  - 100 g 4.25 Kg  

KMS  - 9 g 

Water  - (10-2.5+4.25)   = 3.25 Lts 

 As prescribe dissolve sugar in water, add citric acid and give a boil, strain through a 

fine muslin cloth. Cool the syrup completely. Mix the fruit juice with syrup. Add colour 

as required and then essence. Grind the preservative in a saucer with a spoon. Add 

little water. Pour into squash. Add more juice and transfer all the preservative to the 

squash. 

Flow sheet for the preparation of Fruit Squash 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Juice extraction 

Fruits 

 

Washing 

Fruits 

 
Trimming 

Washing 

Fruits 

 

Cutting and grating 

Washing 

Fruits 

 

Fruits 

 



Indian Institute of Food Processing Technology   

 Master Trainers Handbook of Fruits and Vegetable Processing 87 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

b) RTS Beverage 

This is a type of fruit beverage containing at least 10% fruit juice and 10% total soluble 

solids besides about 0.3% acid. It is not diluted before serving and, hence, is known as 

ready-to-serve (RTS) beverage. 

 

Method of preparation 

For the preparation of 10 lts of RTS beverage, follow the procedure given below: 

 Calculate the amount of juice required as per commercial specification  

Required juice = (10/100) X 10 = 1.0lts. 

 Measure the TSS using a refractometer (say the TSS is30%) 

Calculate the total solids content of the juice i.e. 0.3 X 1.0 = 0.30 kg 

The final required TSS content in the product is to be say 10%.   

The TSS required to be added to obtain the final product is (0.1X10–0.30) kg=0.70kg 

Juice measuring 

Straining 

Straining 

 

Addition of preservative 

(0.6 g KMS or 1.0 g soidium benzoate/litre squash) 

 

Preparation of syrup  

(sugar+waer+acid, heating just to dissolve) 

Bottling 
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 The amount of soluble solids in the form of citric acid and KMS is  

Citric acid @ 0.3%, in the final produce is 30 g i.e. 0.03kg. 

 Amount of solids to be added in the form of sugar is0.70–0.03=0.67kg. 

 Add calculated amount of sugar to about 2 lts of water and heat it till it dissolves 

completely.  

 Add citric acid and juice to the sugar syrup and makeup the volume to 10 lts. Mix it 

well. 

 Heat up to 90°C, fill hot in clean pre-sterilized glass bottles up to brim, seal and cool 

in the air or fill in bottle, seal and heat process (90°C for 25 min.). 

 

Flow sheet for the preparation of RTS Beverage 
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c) Fruit Nectar 

This is a type of fruit beverage containing at least 20% fruit juice/pulp and 15% total 

soluble solids besides about 0.3% acid. It is also not diluted before serving. 

 

Method of preparation 

For the preparation of 10 lts of fruit nectar, follow the procedure given below: 

 Calculate the amount of juice required as per commercial specification  

Required juice = (20/100) X 10 = 2.0lts. 

 Measure the TSS using a refractometer (say the TSS is30%) 

 Calculate the total solids content of the juice i.e. 0.3 X 2.0 = 0.60 kg. 

 The final required TSS content in the product is to be say 15%.   

 The TSS required to be added to obtain the final product is (0.15  10 – 0.60) kg 

= 0.90kg. 

 The amount of soluble solids in the form of citric acid and KMS is Citric acid @ 

0.3%, in the final produce is 30 g i.e. 0.03kg. 

 Amount of solids to be added in the form of sugar is0.90–0.03=0.87kg. 

 Add calculated amount of sugar to about 2 lts of water and heat it till it dissolves 

completely. Add citric acid and juice to the sugar syrup and makeup the volume 

to 10 lts. Mix itwell. 

 Heat the RTSB / Nectar up to 90°C, fill hot in clean pre-sterilized glass bottle up 

to brim, seal and cool in the air or Fill in bottle, seal and heat process (90°C for 

25 min.). 

 

d) Cordial (Lime) 

 Extract the juice and strain through a fine muslin cloth to remove all pulp 

 Add preservative (KMS) 2 gms per litre of limejuice 

 Pour in bottles and keep for 1-2 months. All the sediment settle down and the 

juice becomes clear 

 Pour all clear juice without disturbing the sediment. Use the recipe and proceed 

as for squash. 

Note: Flow sheet same as RTS Beverage 

 

e) Sharbet 

Sharbet should contain at least 65% total soluble solids, suitably acidified and may or 

may not contain fruit juice. 
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 Method of preparation 

For the preparation of 10 lts of sharbet follow the procedure given below: 

 Take about 6 lts. of water and add approx. 6.5 kg of sugar and dissolve it 

properly. 

 Add the required flavour. 

 Make up the volume to 10 lts and adjust the TSS to65%. 

 

2.10.5. Product definition as per the regulation 

Thermally Processed Fruits Juices 

Thermally Processed Fruits Juices (Canned, Bottled, Flexible And/Or Aseptically Packed) 

means unfermented but fermentable product, pulpy, turbid or clear, intended for direct 

consumption obtained by a mechanical process from sound, ripe fruit or the fresh thereof 

and processed by heat, in an appropriate manner, before or after being sealed in a 

container, so as to prevent spoilage. The juice may have been concentrated and later 

reconstituted with water suitable for the purpose of maintaining the essential composition 

and quality factors of the juice. It may contain salt  

 

One or more of the nutritive sweeteners may be added in amounts not exceeding 50 g/kg 

but not exceeding 200g/kg in very acidic fruits except in case of apple juice, orange juice, 

reconstituted from concentrate, grape juice, pineapple juice (reconstituted from concentrate). 

 

The container shall be well filled with the product and shall occupy not less than 90.0 percent 

of the water capacity of the container, when packed in the rigid containers. The water 

capacity of the container is the volume of distilled water at 20ºC which the sealed container 

is capable of holding when completely filled. 

 

Thermally Processed Fruit Nectars 

Thermally Processed Fruit Nectars (Canned, Bottled, Flexible Pack And / Or Aseptically 

Packed) means an unfermented but fermentable pulpy or non-pulpy, turbid or clear product 

intended for direct consumption made from fruit singly or in combination, obtained by 

blending the fruit juice / pulp/fruit juice concentrate and/ or edible part of sound, ripe fruit(s), 

concentrated or non-concentrated with water, nutritive sweeteners/ artificial sweeteners and 

any other ingredient appropriate to the product and processed by heat, in an appropriate 

manner, before or after being sealed in a container, so as to prevent spoilage. Lemon and 

Lime juice may be added as an acidifying agent in quantities which would not impair 

characteristic fruit flavour of the fruit used. 
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The container shall be well filled with the product and shall occupy not less than 90.0 percent 

of the water capacity of the container, when packed in the rigid containers. The water 

capacity of the container is the volume of distilled water at 20ºC which the sealed container 

is capable of holding when completely filled. 

 

Thermally Processed Fruit Beverages / Fruit Drink/ Ready to Serve Fruit Beverages    

Thermally Processed Fruit Beverages / Fruit Drink/ Ready to Serve Fruit Beverages 

(Canned, Bottled, Flexible Pack And/ Or Aseptically Packed) means an unfermented but 

fermentable product which is prepared from juice or Pulp/Puree or concentrated juice or pulp 

of sound mature fruit. The substances that may be added to fruit juice or pulp are water, peel 

oil, fruit essences and flavours, salt, sugar, invert sugar, liquid glucose, milk and other 

ingredients appropriate to the product and processed by heat, in an appropriate manner, 

before or after being sealed in a container, so as to prevent spoilage.  

 

The container shall be well filled with the product and shall occupy not less than 90.0 percent 

of the water capacity of the container, when packed in the rigid containers. The water 

capacity of the container is the volume of distilled water at 20ºC which the sealed container 

is capable of holding when completely filled. 

 

Squashes, Crushes, Fruit Syrups/Fruit Sharbats and Barley Water 

Squashes, Crushes, Fruit Syrups/Fruit Sharbats and Barley Water means the p2.10.roduct 

prepared from unfermented but fermentable fruit juice/puree or concentrate clear or cloudy, 

obtained from any suitable fruit or several fruits by blending it with nutritive sweeteners, 

water and with or without salt, aromatic herbs, peel oil and any other ingredients suitable to 

the products. Cordial means a clear product free from any cellular matter, obtained by 

blending unfermented but fermentable clarified fruit juice with nutritive sweeteners & water 

with or without salt and peel oil and any other ingredients suitable to the products.   

 

Barley water means the product prepared from unfermented but fermentable fruit juice by 

blending it with nutritive sweeteners, water with or without salt and peel oil and barley starch 

not less than 0.25 percent and any other ingredient suitable to the product.   

 

Any syrup/ sharbats containing a minimum of 10 percent of dry fruits shall also qualify to be 

called as fruits syrups.   

 

The container shall be well filled with the product and shall occupy not less than 90.0 percent 

of the water capacity of the container, when packed in the rigid containers. The water 
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capacity of the container is the volume of distilled water at 20ºC which the sealed container 

is capable of holding when completely filled.  

 

Thermally Processed Fruit Cocktail / Tropical Fruit Cocktail 

Thermally Processed Fruit Cocktail / Tropical Fruit Cocktail (Canned, Bottled, Flexible Pack 

And/Or Aseptically Packed) means the product prepared from a mixture of fruits which shall 

be declared on the label. Such fruits may be fresh, frozen, dehydrated or previously 

processed. The fruit mixture may be packed with any suitable packing medium and 

processed by heat in an appropriate manner before or after being sealed in a container so 

as to prevent spoilage. The packing medium along with its strength when packed shall be 

declared on the label. 

 

The name of the fruits used in the product and prepared in any style shall be declared on the 

label along with the range of percentage of each fruit used in the product. The drained 

weight of fruits shall be not less than the weight given below:- 

(a) Liquid pack - 50.0 percent of net weight of contents 

(b) Solid Pack - 70.0 percent of net weight of contents 

 

The container shall be well filled with the product and shall occupy not less than 90.0 percent 

of the water capacity of the container, when packed in the rigid containers. The water 

capacity of the container is the volume of distilled water at 20ºC which the sealed container 

is capable of holding when completely filled. 
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CHAPTER 3 

PACKAGING OF FRUITS AND VEGETABLE PRODUCTS 

 

3.1. Introduction 

Food packaging today has been an integral part of food production as almost all food is 

marketed as packaged. Food packaging has evolved as science and technology, is 

interdisciplinary in nature, since knowledge of polymer science, metals, glass, paper, 

properties of food and physics and engineering is applicable in food packaging, and it has 

evolved to give solutions to various hazards of food during packaging chain. 

 

Packaging 

1. Packaging is an operation that ensures delivery of goods to the ultimate consumer in 

the best condition intended for their use. 

2. Packaging is function of enclosing products in containers to perform one or more of 

the functions of containment, protection, preservation, communication, utility and 

performance. 

3. Packaging is a coordinated system of preparing goods for transport, distribution, 

retailing and end use i.e. a means of ensuring delivery of product to the ultimate 

consumer in sound condition. 

 

3.1.1. Levels of packaging 

1. Primary package: It is in direct contact with the product. For example, a product in 

can (canned food). 

2. Secondary package: It contains number of primary packages. For example, a fibre 

board box containing several of cans. 

3. Tertiary package: It is made up of number of secondary packages. For example, a 

stretch-wrapped pallet of fibre board boxes of canned food. 

4. Quaternary package: It is used to facilitate handling (during transportation, shipping) 

of tertiary packages. For example, large container containing number of stretch-

wrapped pallets of fibre board boxes of canned food. 

 

3.1.2. Packaging chain (distribution chain) 

Food production--->Packaging operation (primary packaging, secondary packaging) --->    

Palletizing and warehousing ---> Transportation for distribution and delivery to market 

(distributor → wholesaler→ retailer) ---> Home or consumer ---> Product use/consumption 
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Hazards: Food during the time elapsed between production and ultimate consumption is 

exposed to various hazards (agents or conditions) which make the food unavailable for 

consumption or significantly affect the quality of food (by damage and any other harm). 

 

3.1.3. Type, factors and effects of hazard 

1. Physical hazard 

 Operations: handling during warehousing, transportation, distribution 

 Actions: stacking, loading and unloading in/from transport vehicles, carrying 

 Factors and effects: dropping, tearing, crushing by rope by tying, compression, 

stack impact (force) resulting in breakage, leakage, burst, bruising, distortion 

(deformation), crushing, spilling and ultimately loss of food 

2. Mechanical hazard 

 Operations: handling during packing, warehousing, transportation, distribution 

 Actions: stacking, lifting, loading, unloading, transportation 

 Factors and effects: piercing, puncturing and tearing by hooks, straps, nails; 

dropping, bumping, bouncing, vibration (engine of truck, rail, aeroplane) and 

impact resulting in breakage, distortion, spilling and exposure to adverse climate 

leading ultimately to loss of food. 

3. Biological hazard 

 Pests (rats, rodents, moths, etc) and microorganisms (molds, etc) are the causing 

factors 

 Operations: handling during warehousing, transportation, distribution 

 Effects: different types of spoilage, insect infestation and loss of food. 

4. Climatic hazard 

 Operations: handling during warehousing, transportation, distribution 

 Factors: rain, sunlight, oxygen and other gases, high and low temperature, high 

and low humidity, high and low pressure, chemical pollutants like sulphites, 

chlorides and acids 

 Effects: extreme climatic conditions produce stress and results in stress crack 

and other kind of damage 

5. Miscellaneous hazards 

 Caused by fire, floods, tampering, pilferage, foreign odours, corrosive chemicals, 

contamination by other commodities stored together 
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3.1.4. Functions of Packaging 

The primary functions of packaging are: 

 Containment: The package contains its content secured within itself. 

 Protection: The package provides protection to the contained food from physical, 

mechanical, biological, climatic and miscellaneous hazards during warehousing, 

loading, unloading, transportation and distribution.  

 Preservation: The package prevents spoilage of food by post-process contamination 

of microbiological agents, prevents microbial growth by not providing suitable 

conditions for growth, checks abiotic deterioration caused or accelerated by agents 

such as oxygen, humidity, light etc (lipid oxidation, oxidation of food constituents, 

maillard reaction, texture changes, etc). 

 Information (communication): The package provides information to consumer about 

the product. The information includes the net weight, ingredients used, nutritional 

composition, price, ideal storage conditions, name and address of manufacturer, date 

of manufacture and batch number, minimum and maximum storage or shelf life etc. 

 Convenience: Packaging provides convenience (comfort) in terms of carrying, storing 

and handling of foods. 

 Sales promotion: An attractive package (attractive design, colour, graphics) is by 

itself an advertisement of the product and enhances product sales. 

 

3.1.5. Desirable features of packaging 

 Product-package compatibility: The package serves all necessary purposes, no 

undesirable changes occur in food due to the reaction between the product and 

package 

 Disposability and environment-friendly: Reuse and recycle as much as possible 

 Machinability: Good performance in filling and closing in high speed machines 

 Convenience to use in terms of opening, dispensing and re-closing 

 

3.2. Packaging materials and their properties 

Ancient use: leaves, bamboo, straw, leather, stoneware, clayware 

Modern and main packaging materials: paper, plastics, metal, glass and laminates 

Packaging materials to less use: wood, ceramics, fabrics of cotton lintre, jute, rubber    
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3.2.1. Paper and paperboard  

Common packaging materials 

Advantages: 

 Billboards the product 

 Can be used in combination with 

plastic to make aseptic packaging 

 Microwavable 

 Light in weight 

 Can contain products with a variety of geometric shapes 

Disadvantages: 

 Less strong 

 Offers few barrier properties 

 

Table 3.1: Main type of packaging papers, their properties and use 

Basic material How made Properties and use 

Kraft paper From sulphate pulp on 

soft woods 

High strength, bleached, natural or coloured; 

may be wet-strengthened or made water-

repellent.  

Used as heavy duty paper, used for 

manufacturing bags, multiwall sacks (e.g. 

grocery bags) and liners for corrugated 

board. Bleached varieties for food packaging 

where strength is required. 

Sulphite paper Generally made from 

mixture of soft wood 

and hard wood; usually 

bleached 

Clean bright paper of excellent printing 

nature  

Used for making smaller bags, pouches, 

envelopes, waxed papers (wax impregnated, 

to improve wet resistance), labels and foil 

laminating etc. 

Greaseproof 

paper 

Made from heavily 

beaten pulp 

It is resistant to oil and grease  

Used for baked goods, chicken roll, pizza  

Glassine Similar to grease-proof 

paper but super 

calendered 

It is resistant to oil and grease; it is odour 

barrier  

Used for lining bags, boxes etc. 
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Vegetable 

parchment 

Made by treatment of 

unsized paper with 

conc. sulphuric acid; 

later passed through 

bath of dil. Sulphuric 

acid and water, and 

then dried. 

Non-toxic, high wet strength, grease and oil 

resistant  

Used for packaging of wet food and greasy 

food, e.g. butter, fats, fish 

 

Mechanical pulp produces paper of relatively high bulk and low strength 

Plastic coated paper, parchment, glassine, grease proof paper have grease resistance 

property in decreasing order.  

 

Paperboard 

Paperboard (cheaper type) may also be made from straw and grass. 

 

Type of paperboard 

(i) Solid fibre board (ii) corrugated fibre board 

Solid fibre board is composed of paperboard (usually chipboard) lined on one or both faces 

with kraft or similar paper. The total caliper of the board is 0.80 to 2.8 mm. 

Single ply, double ply and multi-ply (up to 8 plies) 

A single ply board has a single layer of paperboard; double ply board has two layers and so 

on. 

Structure of a 3-ply board: a 3-ply board is made up of liner (top layer), under liner and back 

liner (back layer) 

Structure of a multi-ply board: liner (top layer), under liner, middles, back liner (back layer or 

back) 

CFB has corrugating medium (flutes) between two layers of board for better compression 

impact resistance. The flutes bear compression (impact) and govern stiffness of the board. 

Greater flute height exhibits better property. 

 

Table 3.2: Main types of paper board 

Board type Uses 

Cream lined chipboard  

(liner of chemical, mechanical or mixed pulp, 

back as chipboard) 

Board of lowest grade and price; 

Folding box  

White lined chipboard Folding cartons for breakfast cereals 
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(white pigment + binder/top layer of bleached 

chemical pulp/under liner of mechanical pulp 

/middles of mixed recycled fibres/back liner of 

selected recycled fibres) 

(e.g. porridge, beaten rice, corn flakes) 

White lined manila (triplex) Cartons for cheese etc 

Solid white board  

(board made entirely from  sulphate pulp; 

waxed) 

Strong board; carton and box for 

frozen and speciality foods, especially 

liquids 

Duplex board  

(liner and back both made from new pulp, 

middles mixture of both) 

As white lined chipboard 

Liquid packaging board  

(construction similar to solid white board; extra 

coating or lamination for improved barrier 

properties) 

For packaging of milk, cream, fruit 

juice, etc. 

 

Chipboard is made from re-pulped 100% waste pulp.  

 

Quality of chipboard can be improved by various treatments, as a result different types of 

board are produced such as white lined chipboard and cream lined chipboard 

Barrier properties (e.g. liquid, oil, gas barrier) of board can be improved by such treatments 

as coating and lamination (wax, glassine, plastic materials are used). 

 

 
 

   

Kraft paper 

 

Sulfite paper 

 

Wax Paper 

 

Greaseproof 

Paper 

Parchment paper 

 

 

3.2.2. Plastics 

 Greek word plastikos 

 "Plastics is a group of synthetic resins or other substances that can be moulded into any 

form" (Oxford dictionary) 

 The word Plastics is used to describe the vast range of materials based on 

macromolecular organic compounds 



Indian Institute of Food Processing Technology   

 Master Trainers Handbook of Fruits and Vegetable Processing 99 
 

 The structures built by the repeated joining of small basic building blocks called 

monomers, the resulting compound being called a polymer 

 

Type of plastics (selected) and description of properties: 

1. Low density polyethylene (LDPE) 

 Accounts for the biggest proportion of plastics used in packaging 

 Versatility 

 Prepared in films, bottles, closures, dispensers 

 Coating on paper, aluminium foil 

 Relatively inert chemically, almost insoluble in all solvents at room temperature 

 Some softening and swelling can occur with chlorinated hydrocarbons 

 Low water vapour permeability 

 Excellent heat sealing property 

 High permeability to oxygen and other gases 

2. Linear low density polyethylene (LLDPE) 

 Properties similar to LDPE 

 Stronger and tougher than LDPE 

3. High density polyethylene (HDPE) 

 Harder than LDPE 

 Barrier properties superior to LDPE 

 gives higher rigidity to bottles than LDPE for same wall thickness 

4. Polypropylene (PP) 

 Chemically similar to LDPE and HDPE 

 Harder than both 

 Excellent grease resistance 

 High stress crack resistance 

 Steam-sterilizable 

LDPE, LLDPE, HDPE, PP are called polyolefins (a family of plastics based on ethylene 

and propylene), olefin meaning "oil-forming" and constituting "thermoplastics" (melt on 

heating and stiffen on cooling) 

5. Ionomers (a family of polymers in which there are ionic forces between the polymer 

chains, as well as the usual covalent bonds between the atoms in each chain) 

– Surlyn has properties similar to polyethylene,  

– TPX has good impact strength 

6. Polyvinyl chloride (PVC) 

 Good gas barrier properties 
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 Moderate barrier to water vapour 

 Resistant to weak or strong acid, and alkali 

 Excellent resistance to oil and grease  

7. Polyvinylidene chloride (PVDC) 

 Outstanding property of low permeability to water vapour and gases 

 Used as shrinkable film (skin wrapping) for wrapping poultry, ham, cheese and other 

similar items to keep fresh 

8. Polyvinyl alcohol (PVA) 

Soluble in water 

9. Ethylene vinyl acetate copolymer (EVA) 

 Good flexibility 

 Used for making snap-on caps 

 Permeability to water vapour and gases is higher than LDPE 

 Good stress-crack resistance 

10. Polystyrene (PS) 

 Colourless, transparent, hard, brittle 

 Fairly high tensile strength 

 Resistant to strong acids and alkalies; soluble in esters, aromatic hydrocarbons, 

higher alcohols, ketones, chlorinated hydrocarbons 

11. Polycarbonate (PC) 

 High impact strength, high softening point 

 High clarity 

12. Cellulose acetate (CA) 

 Sensitive to moisture and not dimensionally stable 

 Tensile strength and impact strength are comparable to PS 

13. Nylons  

 Tough material, high tensile strength 

 Good resistance to abrasion 

 High softening point and resist steam sterilization 

 Slightly hygroscopic 

 Fairly high water vapour permeability 

 Good gas and odour barrier property and used in 

laminates for vacuum packaging 

 Excellent transparency 

Fig. 3.1: Nylon packaging 
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14. Polyester/Polyethylene terephthalates (PET) 

 High softening point 

 Used in boil-in-bag 

 Not easily heat-sealable 

 

Table 3.3: Some important properties of plastics 

Type of plastic Sp. gr. Softe

ning 

point 

(ºC) 

Yield 

(m2/Kg) 

25 µ 

Tensile str. 

(kg/cm2) 

WVTR 

(g/m2/d/atm) at 

90% Rh, 38 ºC 

25 µ 

OTR 

(cc/m2/d/atm) 

at 25 ºC 

25 µ 

Low density 

polyethylene 

(LDPE) 

0.92-

0.94 

(low) 

 

85-87 

(low) 
42 80-240 

14-18 

(high) 

7000-8000 

(fairly high) 

High density 

polyethylene 

(HDPE) 

0.95-

0.96 

(higher) 

120-

130 

(high) 

41 220-350 5-7 1500-2000 

Cast 

polypropylene 

(CPP) 

0.91 
150 

(high) 
44 300-400 7-9 2000-3000 

Biaxially 

oriented 

polypropylene 

(BOPP) 

0.91  44 500-550 
4 

(v. low) 
2000-2500 

Polyester (PET) 1.34-

1.39 
250 28 

800-1700 

(high) 
21 

50-90 

(v. low) 

Polyvinyl 

chloride (PVC) 
1.3-1.6 82 28 460-560 

30-40 

(high) 
300-400 

Polyvinylidene 

chloride 

(PVDC) 

1.5-1.7 80 24 
500-850 

(high) 

2-4 

(v. low) 

5-25 

(v. low) 

Ionomer 0.94 68-76 42 350 20-30 7000-8000 

Polystyrene 

(PS) 
1.05 

78-

103 
37 360-530 

100-150 

(v. high) 
4000-5000 

Polycarbonate 

(PC) 
1.20 

165 

(high) 
32 680-720 50-150 3000 



Indian Institute of Food Processing Technology 

102 Master Trainers Handbook of Fruits and Vegetable Processing 
 

Ethylene vinyl 

alcohol (EVOH 

or EVAl) 

1.14-

1.21 
 33 

400-1600 

(high) 
20-50 0.5-20 

Ethylene vinyl 

acetate (EVA) 
0.93 95  155-280 20-50 

10000 

(high) 

Cellulose 

Acetate 

1.23-

1.33 
70 42  100-300 2000-3000 

Nylon 11 
1.04 

216 

(high) 
34 700-1000 60-100 400 

 

3.2.3. Metal packaging material 

Advantages: 

 High strength 

 Offers the best barrier properties after glass 

 Provides the tensile strength needed for operation across aerosol sprays 

 Can be re-used as a container and offers “collectible” image/dual image 

Disadvantages: 

 Limits re-usability (sardines, nuts, cat food). Problem of corrosion. 

 Can affect taste of food or beverage. Metallic taste 

 Metal cannot be microwaved unless special protective coating or layer is provided 

Type of metal packaging material: 

Tin, tin free steel, tinless steel, aluminized steel, aluminium, aluminium alloy, anodised 

aluminium, anodised and laquered aluminium 

 

Tin 

Advantages of tin: 

1. Fabricated readily 

2. Strong to withstand processing and handling 

3. Easy to handle 

4. Light weight 

5. Can be handled on high speed machine 

 
Type of steel plate: The type depends on the degree of workability, strength and corrosion 

resistance. The properties depend on the content of phosphorous (0.01-0.1%) and copper 

(0.02-0.6%). Phosphorous gives strength. Steel containing higher amount of copper are 

more corrosive. 

Type L: used for highly corrosive products 
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Type MR:  moderately corrosive products 

Type MC: used for making high strength tinplate 

 

Process of tin coating: 

1. Hot dipping: Steel plate is dipped in molten tin bath 

2. Electrolytic coating: It is electrolysis process of coating where tin acts as anode and 

steel acts as cathode. The tin is deposited on the steel plate. 

Tin coating thickness: 0.4 -2.5 um (2.8-17 gsm) 

Electrolytic coating method gives thinner coating with the substance as low as 5.6 gsm when 

it is minimum of 22 gsm by hot dipping method (11  on each side). 

Differential tin coating: it refers to the coating method with different amounts of tin deposit on 

the two sides of steel plate. Nomenclature, for example D 100/50. 

 

Tin free steel: It is mild steel coated electrolytically with chromium (chromic acid). It is 

cheaper than tin. It may be lacqured to improve its performance.  

 

Tinless steel: It is also called Black Plate. It is mild steel sheet coated with phosphate for 

facilitating lacquering. The coating is done by dipping in hot phosphate solution and the 

process is called bonderizing (bonderizinf produces good adherend surface for subsequent 

paint coating). After bonderizing, cleaning and drying the sheet is lacquered and baked.  

Aluminized steel: The steel plate is coated with aluminium by hot dipping process or vapour 

coating (vapour deposition coating). 

 

Alluminium: 

Light in weight, good gas and light barrier properties, non-corrosive for large number of food 

products, expensive 

 

Aluminium alloy: It is Al-Mn alloy and contains 1% manganese as alloying agent. 

Manganese increases strength and corrosion resistance. Without manganese to have the 

same strength as tin the thickness of aluminium has to be 20% greater. 

 

Anodized aluminium: Anodising is an electrochemical process used to produce durable 

and decorative finishes on components made of aluminium or aluminium-based alloys; the 

process thickens and toughens the naturally occurring protective oxide. 

Anodizing actually makes the aluminium stronger and more durable. Anodizing involves 

placing a sheet of aluminium into a chemical acid bath, quite often acetone in laboratory 

experiments. The sheet of aluminium becomes the positive anode of a chemical battery and 
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the acid bath becomes the negative. An electric current passes through the acid, causing the 

surface of the aluminium to oxidize (essentially rust). The oxidized aluminium forms a strong 

coating as it replaces the original aluminium on the surface. The result is an extremely hard 

substance called anodized aluminium. Anodized aluminium can be nearly as hard as 

diamond under the right anodizing process. Many modern buildings use anodized aluminium 

in places where the metal framework is exposed to the elements.  

 

Anodized and lacquered aluminium: The aluminium plate is anodized and painted with a 

protective coating of resins 

 

Lacquer and lacquering: 

Lacquer (UK), enamel (US) 

Lacquering is done to prevent corrosive reaction between the can and content.  

Lacquer type based on resistance to corrosion: 

1. AR lacquer (Acid Resistant lacquer): e.g. oleoresin lacquer, gold coloured 

Used for anthocyanin (water soluble red pigment) rich fruits like blue grapes, cherry, 

plums) 

2. SR lacquer (Sulphur Resistant lacquer): e.g. Epoxy lacquer.  

Used for sulphur containing foods like meat, fish, poultry 

 

Lacquer type based on composition and synthesis: 

1. Natural lacquer: It is oleoresin lacquer and made of natural resin*, solvent, drying oil 

and drier. It is used for fruits containing anthocyanin. 

* Resin is an inflammable adhesive substance insoluble in water and secreted by most 

plants and exuding naturally or upon incision, esp. fir and pine. 

2. Synthetic lacquer: 

2.1 Phemolic lacquer: made of synthetic resin and solvent. It is made by the acid of 

alkaline condensation of a phenol with formaldehyde. 

2.2 Vinyl lacquer: Made of synthetic resin and solvent. It is made by copolymerzation 

of vinyl chloride and vinyl acetate.  It is used for beer and soft drinks cans which 

are not processed at high temperature. 

2.3 Epoxy lacquer: It is made from eiphlorohydrin and bis-phenol (produced from 

phenol). It has fair resistance to sulphide staining. 

2.4 Epoxy phenolic lacquer: It is made from polybutadienes and resins based on 

diphenolic acid. It is also called general purpose lacquer and used for high acid 

foods and condensed milk. 
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Properties of metal containers: 

 Resistance to fracture on sharp bending 

 Chemical inertness 

 Continuity of tin coating (in case of tin container) 

It is important to ensure that no localised corrosion occurs with food in the exposed steel 

leading to pinholing and ultimately leakage and loss of shelf life. 

 

Table 3.4: General types of can coatings 

Coating Typical uses Type 

Fruit enamel Dark coloured berries, cherries and other 

fruits requiring protection from metallic 

salts 

Oleoresinous 

C-enamel Corn, peas and other sulphur-bearing 

products 

Oleoresinous w. suspended 

zinc oxide 

Citrus enamel Citrus products and concentrates Modified oleoresinous 

Beverage can 

enamel 

Vegetable juices; red fruit juices; highly 

corrosive fruits; non-carbonated 

beverages 

Two-coated w. resinous base 

coat and vinyl top coat 

 

3.2.4. Glass 

The principal ingredient of glass is silica from sand, flint or quartz which is molten at very 

high temperature during fabrication of glass containers. Silica is combined with other raw 

materials to form glass. Very common soda glass contains apart from silica other minerals 

like CaO, Na2O etc. in small amounts. 

 

 

Fig. 3.2: Glass Bottle 

Advantages: 

 Offers tremendous barrier properties. 

 Chemical inertness. Reinforces consumer security.  
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 Conveys the “feel” of crystal, and creates a good impression. Good psychological 

attribute. 

Disadvantages: 

 Heavy in weight: weighs more than any other packaging material.  

 Breakage problem: can break in filling, shipping, palletizing, storage or use.  

 

Table 3.5: Packaging materials and package forms 

Packaging material Package form 

Paper and 

paperboard 

Wrapping paper, bag, box, sachet, pouch, case, carton, 

fitments in board, body of composite container, fittings in case, 

multiwall sack, fibre drum, tray, tub 

Metal 

 

Can, crate, box, pallet, collapsible tube, closure, drum, metal 

strapping and banding, foil, laminate and label (aluminium) 

Glass Bottle, jar, tray, tube, ampoule, vial 

Plastics (including 

cellulose and rubber) 

 

Film, laminate and sheet, bag, pouch and sachet, sack (film 

and woven tape), bottle, jar, pot, tray, pot, blister and fitment,  

cushioning material and fitting, cap and closure, drum, crate, 

box, tub 

Timber (including 

plywood) 

Box, crate, cask and keg, case, drum, pallet, basket and 

punnet 

Textile Sack, bag 

 

3.2.5. Retail pack 

Cans 

Three-piece can: It is open top sanitary (OTS) can, so called because the top side only is 

open while filling the can. It is made of three pieces of top side (lid), bottom side (lid) and 

body.  

Can size nomenclature:  

A2½, A1 Tall etc 

A2½ (American system) → 41/16" (dia) x 411/16" (ht) → 401 (dia) x 411 (ht) (ISO diameter) 

Can shapes: round, rectangular, oval, oblong, pullmon 

 

Two-piece can: It has a body and a lid and so called two-piece can.  

Two-piece can (type):  

1. Drawn and wall ironed (DWI): The body blank is drawn into a cup and forced by 

means of a punch through a series of annular dies (rings). Each die is slightly smaller 
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than the preceding one, thus elongating the wall by a stretching or ironing action. 

During ironing the wall thickness is reduced and the height correspondingly 

increased. For example, carbonated beverages. 

2. Drawn and redrawn (DRD): This process is used to produce can of bigger height 

(taller can) and the can has higher height to diameter ratio. The process is similar to 

DWI, except that the height is increased by sequentially decreasing the diameter of 

container by drawing cups to smaller diameter.  

 

Advantages of two-piece can: 

1. Elimination of two seams reduces the possibility of leakage and removal of a 

potential source of lead contamination from solder. 

2. Better aesthetic appeal presenting a smooth profile and streamline appearance. 

3. Un-interrupted print decoration on the external surface. 

4. Bottom of the can be designed and formed for better stackability. 

5. Less metal is used in its construction due to elimination of the overlap at the two 

seams. 

 

Aluminium can  

Type of aluminium can 

1. Built up can: The can is made by the process similar to making normal 3-piece can. 

The lid can be replaced on can and the container is reusable in household.  

2. Shallow formed can: This is made by drawing process ("drawn can"), in which the 

body blank is blown with the stroke of "press".  The maximum height is half the 

diameter of container. The shape is round or rectangular.  

3. Deep drawn can: The maximum height is 1.2 times the diameter of container. The 

maximum practical diameter is 815 mm. This type of can is made by pressing.  

4. Impact extruded can: 

In impact extrusion a disc of aluminium known as “slug” of about 2.5 to 6 mm thick is 

placed in specially shaped die. A container cylinder is formed inside a confining die 

from the cold slug, by a single stroke application of force through a punch (attached 

with a hydraulic press generating forces up to 250 psi) causing the metal to flow 

around the punch. Tall cans are formed by this process. The maximum height of can 

is 3 times the diameter. The practical diameter is 105 mm. 

 

Can by design 

Collar can: It is a reclosable type round can (the lid can be replaced after use unlike the lid 

of three-piece can) incorporating a removable tear strip and internally fitting collar. 
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Seamless can: It is a two-piece can with no seam and made by drawing method. 

Lever lid can: It is usually round shaped built-up can, the ring component being secured to 

the body and having an orifice into which inverted (hat shaped) lid is pressed.  

Slip lid can: The body is usually seamless. The lid fits over the mouth (slip and close). It 

provides simple reclosure feature. 

 

Box and carton 

Box and carton are similar containers. They can be set up type and folding type. Box is 

normally made from paper board and wood. Carton is box shaped container made normally 

from light paper board or card board.  

 

Fig. 3.3: Carton 

Folding carton 

 Made from sheets of light paperboard (thickness 300-1100 um).  

 Type: Coated solid bleached and unbleached sulphate board, and recycled board 

used. Coating and laminating may be done to improve barrier (water vapour, grease) 

properties. 

 Cut and scored for bending into desired shape and delivered in collapsed state for 

assembly at packing point 

 

Beverage carton 

 Packaging of liquid food such as fruit juice, milk, wine etc 

 Carton impermeable to liquid 

Carton for aseptic packaging: 

Aseptic paperboard carton (liquid tight, hermetically sealed, preserves food) consists 

of layers of unbleached and bleached paperboard coated internally and externally 

with PE and also containing thin layer (6.3 um) of aluminium foil.  

 

It usually contains six layers as PE (outermost layer)/unbleached paper/bleached 

paperboard/PE/Al. foil/PE 
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PE: heat sealing; Bleached paperboard: mechanical rigidity & printing; PE: binds al 

foil to PB; Al. foil: gas and light barrier; PE (2 layers of different grammage): liquid 

barrier. 

 Form-fill-seal carton and system of packaging 

 TetraPak packages: tetrahedron, tetrabrik, gable top (purepak) 

 Retortable version 

 

Moulded pulp container: carton and tray shaped containers for egg, fruits etc made by 

pressure injection and suction moulding processes 

 

Tube 

Metal tube, plastic tube, laminated tube 

 

Plastic tube 

Coloured PE (LDPE, MDPE, HDPE, L LDPE) granules are mixed and blended and extruded 

in continuous tubing; the tubing is cut to desired length; shoulder and nozzle are formed; 

after colour printing lacquering is done to give glossy finish; drying by UV light system 

 Does not collapse but retains its shape and length on bending and squeezing 

 Rust proof 

 Strong seals (the seal does not open easily) 

 

Laminated tube: 

Plastic/al. foil/paper 

Complete ply composition: LDPE with antistat (outermost layer)/LDPE/printing ink/pigmented 

white LDPE/paper/LDPE/ethylene acrylic acid copolymer/al. foil/EVA/LDPE (innermost layer) 

 

Advantages 

Far better barrier properties than plastic tube 

Easily squeezable and eliminated waste 

Resistant to cracking, creasing and denting 

Superior appearance 

Corrosion free 

 

Tray, tub and cup 

Tray, a shallow container is made up of fibreboard (e.g. biscuits and snacks) and plastic 

(e.g. meat); may be portioned. Portioned tray suitable for assorted (classified) items e.g. 
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biscuits Laminate is used to fabricate lid and body of tub, e.g. lid (PET/Al.foil/PP), body 

(PP/EVOH or PVDC/PP) 

Plastic tray, tub (deep) and cup come under semi-rigid type moulded plastic containers.  

Flexible type containers lack stand up rigidity. 

Semi-rigid and rigid containers have advantage of speedy filling/packing 

 

 

Bottle 

Manufacturing process of glass container: 

Silica and cullet (returns) are mixed and heated in furnace (T~1500 °C) to melt and remove 

gases like CO2, SO2 and water vapour (refining), Forming is done to form the desired 

container, followed by annealing (heating the glass to temp. of ~540°C and give the product 

stability) and surface treatment (treatment with different elements and organic compounds to 

increase the strength). 

 

Bottle and its parts 

Plastic bottle: viz. HDPE, PET bottles 

 

Wrap and closure 

Wrap 

Wrapping may be performed on individual item of product (confection, overwrap over a tray 

of food) or for unitizing purpose. Wrapping an individual product offers protection to the 

product whereas wrapping for unitization would mean making a bundle of the packages (or 

holding the load together) for easy handling, for example, stretch (film)-wrapping of a case of 

milk bottles or beer cans or strapping or netting of boxes piled up on a pallet (tertiary 

packaging). Unitizing thus saves labour costs, warehousing costs (space saving) and 

simplifies the handling thus increasing the efficiency of shipping and warehousing.  

 

Shrink-wrapping:  

1. Evacuation of air from bag followed by shrinking by immersion in hot water (e.g. 

PVDC) for odd shaped product e.g. dressed poultry, cheese 

2. Collating of cans, cartons, bottles by exposing to hot air (e.g. LDPE) 
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Stretch-wrapping:  

1. The film is stretched over/around the object e.g. a dressed poultry and then allowed 

to retract to its original dimensions. 

2. Wrapping around the objects (unitizing) followed by heat sealing 

 

Plastic films: LDPE, EVA, PVC 

 

Materials for strapping: steel, PP, nylon, PET or rayon cord 

 

Closure 

 Cap, lid, seal 

 

Functions 

1. Provide effective hermatic (air tight) seal to prevent the passage of solid, liquid or gas 

into or out of the container; exposure of content to atmosphere 

2. Provide easy opening and reclosing 

3. Provide evidence of unlawful access (tampering, pilferage) to the content. For 

example, Roll-on pilfer proof (ROPP) closure such as alluminium roll-on closure used 

on beverage bottle, and tell-tale ring around the bottom of the neck of bottle (any 

tampering is evident of breaking the seal) 

Material of construction: metal (tin, alluminium), plastic (resins, PS, LDPE, HDPE, PP, 

PVC), cork (pulp) 

Form (shape) of metal closure: roll-on (spin-on), crown, screw, lug cap 

 
Roll-on tamper evident: 

The rotary head rolls to press the closure against the finish of bottle, forms the threads to 

match that of bottle thread, and simultaneously forcing the skirt of closure to crimp it onto 

the finish. 

 
Crown cork 

The rotary capper (manual batch or automatic) exerts straight downward force on crown 

to compress the liner on sealing surface of bottle while clinching heads crimp the 

corrugated skirt into a groove on the bottle neck. 

 
Normal, pressure and vacuum seals (closure) 

Normal seal: inside and outside pressure are equal.  

Pressure seal: the content is filled under pressure e.g. carbonated beverages.  

Vacuum seal: inside pressure is lower than outside 
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3.2.6. Shipping containers/transportation containers/ containers for distribution 

(secondary package) 

Box, case, crate, barrel, cask, drum, sack etc. 

 

Material of construction and package:  

 Wood, fibreboard, plastic, metal, jute  

 Wooden box, fibreboard box or case, wooden barrel or cask (wine, whiskey etc), 

plastic crate e.g. PP and HDPE (milk, beer, soft drinks etc), metal drum, plastic (PE, 

expanded PET) drum (fruits, fish etc)  

 

3.3. Special Packaging systems 

Objectives: delay deterioration and extend shelf life of food, maintain quality 

Modified atmosphere packaging, controlled atmosphere packaging, vacuum packaging, gas 

packaging, hypobaric storage, aseptic packaging 

 

3.3.1. Modified Atmosphere Packaging (MAP) 

It is enclosure of food in a package in which the atmosphere (gaseous composition) 

surrounding the food is modified or altered to give optimum atmosphere for extension of 

shelf life (by 40-50%) and maintaining quality of food.  

MAP is normally used in combination with low temperature 

 

Type of MAP 

1. Active MAP (active modification): It involves displacing the air with a controlled, 

desired mixture of gases (gas flushing). 

Active packaging is also sometimes referred to as Active MAP, whereby an active 

substance is used to perform some active role. For example, an O2 adsorber, e.g. 

ferrous carbonate is used to adsorb O2. 

Method: 

1. Vacuumizing  

2. Vacuumizing followed by gas flushing  

3. Injecting gas without vacuumizing 

Equipment: 

1. Form-fill-seal  

2. Chamber method (filling → vacuumizing → gas flushing → sealing)  

3. Snorkel machine (continuous process, similar operation as chamber method) 



Indian Institute of Food Processing Technology   

 Master Trainers Handbook of Fruits and Vegetable Processing 113 
 

2. Passive MAP (passive modification): an atmosphere high in CO2 and low in O2 occurs 

as a consequence of the food’s respiration or the metabolism of microorganisms 

associated with the food over time.  

The package film permeability is such that O2 can enter the package to avoid anoxic 

condition and anaerobic respiration at the same time excess CO2 can diffuse from the 

package (avoids injurious effect). 

 

3.3.2. Controlled Atmosphere packaging CAP 

In CAP, the atmosphere inside the package is continuously monitored and adjusted to 

maintain the optimum composition within quite close tolerances (so called controlled 

atmosphere). In strict sense, CAP is enclosure of food in a gas impermeable package, the 

gaseous composition inside which with respect to CO2, O2, N2, water vapour etc has been 

changed to increase the shelf life of food. 

 Normally bulk packaging and storage 

 Normally fruits and vegetables, and fresh produce 

 

3.3.3. Vacuum packaging 

Sometimes considered as active MAP method. 

Package, normally retail package, evacuated mechanically (vacuum pump), and the food is 

held in air free atmosphere. 

 package is skin-tight 

 longer shelf life in oxygen free system 

 Normally applied to meat, fish, poultry, cheese 

 Suitable packaging materials: PVDC, EVOH (v. low GTR). Nylon may be used in 

laminate 

Method: batch and continuous process 

 

Fig. 3.4: Vacuum packaging 
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3.3.4. Gas packaging 

Package is first evacuated, and then filled with inert gases, CO2 or N2 

 Package is devoid of O2, provides protection to food against O2, packaging of oxygen 

sensitive products, viz. milk powder 

 Provides protection from compressive impact; packaging of fragile food, viz. potato 

wafer & chips;  

 Production of pillow pouch 

 Suitable packaging materials: PVDC, EVOH. Nylon may be used in laminate 

    

Fig. 3.5: Gas Packaging 

 
3.3.5. Hypobaric storage 

It is a storage system (structure) for the storage of food in an environment of precisely 

controlled air pressure, temperature and humidity, and the rate at which air is changed is 

closely regulated. Air pressure (which is proportional to O2 concentration) is the most 

important parameter, and it is closely monitored and regulated. 

 

3.3.6. Aseptic packaging 

It refers to filling food in package in contamination free (asepsis/sterile) condition. 

 Most cases: filling pre-sterilized food in sterilized container under sterile environment 

 Rare case: filing non-sterile product (yoghurt and similar products) in sterile container 

under aseptic condition 

Method: 

 Product sterilization by heat. Heat exchangers: tubular, plate, scrap film  

 Sterilization of packaging materials by irradiation, heat (superheated steam, 

saturated steam or hot air) and chemicals (H2O2), in singles or combination 

 Sterilization of packaging atmosphere by superheated steam 

Advantages: 

1. Application of HTST process - efficient heat transfer, superior product quality 

(nutritional, sensory) 

2. Filling irrespective of container size 

3. Product is shelf stable at normal temperature 
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Packaging materials: 

 Packaging materials: metal, glass, plastic or laminate (PE/paper board/PE/foil/PE) 

 Package type: carton, can, bottle, bag, pouch, sachet, cup  

Filling in pouch, sachet and carton is by form-fill-seal system 

 

3.4. Properties/characteristics of foods, their packaging requirement and packaging 

methods 

3.4.1. Fruits and vegetables 

General characteristics: 

 High moisture content (85-90%) 

 High perishability due to over-ripening, maturing, shriveling, microbial rot. Maturation 

is undesirable in vegetables 

 Easily damaged mechanically and by heat and cold 

 

3.4.2. Postharvest physiology: 

 Respiring organisms; main metabolic process involves respiration (utilization of 

oxygen) with liberation of energy in form of heat, carbon dioxide and water and 

breakdown of large organic molecules  

 Factors: temperature, level of oxygen, carbon dioxide and other gases affect the 

metabolic process and respiration rate 

 

 

Fig. 3.6: Respiration of fruits and vegetables 
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3.4.3. Techniques of shelf life extension: 

Low temperature storage 

Temperature effect: Metabolic process is dependent on temperature and its rate is high at 

higher temperature 

 Fruits have their optimum ripening temperature. E.g. tomatoes best ripen at 20-25°C, 

bananas 15-22°C 

 Most fruits and vegetables are damaged by temperature as high as 38°C and higher 

 Cold injury at low temperatures esp. tropical and subtropical fruits e.g ≤ 10°C, banana, 

≤7°C pineapple 

 Store at their proper temperatures  

 Remove heat of respiration by venting 

 

3.5. MAP of fruits and vegetables 

Shelf life can be increased and quality of fruits and vegetables can be maintained by 

controlling the metabolic process by maintaining O2 and CO2 (and other gases) 

concentrations at proper levels. 

 High oxygen concentration → high respiration rate → early ripening → early decay;  

 V. low O2 conc. → anaerobic respiration (ethanol, acetaldehyde, CO2) and plant 

tissue damage 

 Desired O2 concentration: 2-3 % 

 High CO2 depresses respiration, delays ripening, competitive inhibition of C2H4 

production 

 Desired CO2 concn: 10% (acceptable for many fruits); range 1-10% 

 Very high  CO2 conc. (> 20%): acceleration of respiration rate of root and bulb type 

vegetables; ethanol, acetaldehyde produced during anaerobic respiration are toxic to 

plant tissue and damage them; pressure build up inside package results in bulging 

and bursting   

 

Packaging materials and methods 

 Packaging materials: normally plastics of selected gas (O2) permeability; normally 

high GTR is desired to allow O2 to enter the package and there is no anoxic condition 

and anaerobic respiration; Commonly used plastics: PVC, PS, PE, PP 

 Pillow pouch (prevents mechanical injury) of oriented PP used for vegetable salad 

cuts like lettuce, green pepper, chopped onion, carrot sticks; PS with high GTR for 

lettuce and tomato 
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 Perforations in plastic pouch or bag or overwrap with high GTR maintains desired 

atmosphere 

 Venting in flexible packaging for maintaining desired atmosphere 

 

3.5.1. Active packaging  

Packaging is termed as active packaging when it performs an active role (inhibition of 

microbiological, biological, chemical reactions) besides providing an inert barrier to external 

environment. The effect is obtained by introducing materials having definite functions into the 

packaging or other special techniques. The active substances act by adsorption, absorption 

and reaction. It is that packaging technique that dynamically changes permeation properties 

or the concentration of different volatiles and gases in the package headspace during 

storage. AP is mostly applied to plastic packaging. 

 

3.5.2. Oxygen scavenging  

Oxygen scavengers/oxygen adsorbers: iron, oxygen scavenging enzymes, ascorbic acid, 

light activated scavenger, oxygen scavenging reaction system 

 

3.5.3. CO2 scavenging or scrubbing 

1. Absorption of CO2 in hydrated lime or activated carbon. Calcium hydroxide reacts with 

CO2 under high humidity condition and produces CaCO3. 

2. The scavenger, CaO is packed in a porous envelope and put in a sachet containing 

hydrating agent like silica gel. Water is absorbed by the hydrating agent and CaO reacts 

with CO2. 

 

3.5.4. Ethylene scavenging 

Ethylene, respiration product of ripening fruit, anaerobic respiration, has detrimental effect on 

fruits Yellowing 

Ethylene scavenger e.g. KMNO4 

 

3.5.5. Humidification and humidity buffering 

 Fruits and vegetables have high moisture content; leafy vegetables > 90%, and larger 

surface area, other vegetables and fruits 85-90% 

 Transpiration →loss of moisture → weight loss, wilting, shriveling, shrinkage 
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Fig. 3.7: Active packaging of fruits and vegetables 

 

Packaging to control of moisture loss and maintain high Rh   

 Active packaging: humidification and humidity regulation by use of humectants and 

like alcohol, propylene glycol, carbohydrate, etc. impregnated between the layers of 

water vapour permeating plastic films  

 Humidity buffering (maintaining desired humidity without condensation or drying of 

packed goods) 

1. Packaging in fibre board cartons with a LDPE liner (low WVTR) or waxed carton 

(protection from drying and wilting or shriveling) 

2. Active packaging: 1. inclusion of microporous bag or pad of inorganic salts 

(antifogging agents) in the carton (prevention of condensation), 2. a multilayer is 

provided on the side of carton which absorbs moisture released by the packed 

produce and releases the moisture (water vapour) when the humidity is low. 

 

3.6. Mechanical injuries of fruits and vegetables 

 Mechanical injuries (bruises, cuts, abrasion, puncture) cause loss of fruits and 

vegetables. 

 Mechanical injury gives easy access for infection; damaged fruits (increased contact 

with oxygen, increased surface are for reaction) respire at higher rate (do not pack 

damaged with undamaged ones); enzymatic browning 

 

3.6.1. Packaging to prevent mechanical injuries: 

 Use of cushion pads to protect from impact bruising caused by drop on hard surface 

 Proper filling (no over filling) and proper stacking to protect from compression 

bruising 
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 Selection of proper package size and internal filler and packaging material e.g paper 

shreds, wrap etc to protect from vibration and abrasion bruising during transportation and 

movement, including moulded pulp or expaned PS foam trays containing individual items 

and separating. 

 

Retail packaging: Fruits are packed in fibre board or plastic tray (e.g. foamed PS or PVC or 

PP) with stretch-overwrap or shrink overwrap, LDPE, HDPE bags 

Transport container: wooden box, CF box, plastic crate, sacks etc. 

 

 

3.6.2. Packaging of whole fruits and vegetables: 

 Retail packaging: ventilated plastic bag (25-40 μ LDPE or 12.5 μ HDPE), net bags, 

tray of foamed PS or PVC or PP overwrapped with heat shrinkable or stretch films, 

semi-rigid containers with a cover of CA and PS for soft-textured highly perishable 

fruits like cherries, grapes, strawberries, plums 

 Bulk packaging- gunny bags*, bamboo baskets, wooden cases and boxes, sacks 

(with cushioning or filling of straw, waste paper), CFB boxes, plastic corrugated 

boxes (PP or HDPE), MAP, vacuum packaging, active packaging, Controlled 

Atmosphere storage 

 

3.6.3. Other Methods of packaging: 

Edible film packaging: An edible film or coating is simply defined as a thin continuous layer 

of edible material formed on, [placed on, or between the foods, which can be eaten as a part 

of the whole food product. Selection of material for use in edible packaging is based on its 

properties to act as barrier to moisture and gases, mechanical strength, physical properties, 

and resistance to microbial growth. The types of materials used for edible packaging include 

lipids, protein and polysaccharides or a combination of any two or all of these. The most 

common form of coating fruits and vegetables is wax coating to retard respiration, 

dehydration and senescence. Edible films selected should meet the requirements such as 

physiochemical and microbial stability, good sensory qualities, high carrier and mechanical 



Indian Institute of Food Processing Technology 

120 Master Trainers Handbook of Fruits and Vegetable Processing 
 

efficiencies, free to toxic and safe for health, simple technology, non polluting and low cost of 

material and process. 

 

Shrink wrap/Individual seal packaging: Individual seal packaging involves the use of heat 

that shrinkable film (usually HDPE) that is wrapped around the individual units of ruits and 

vegetables and shrink by blowing hot air over the package. Advantages of this packaging 

are ripening is delayed by micro atmosphere created around the product. The films acts as a 

good barrier to water. Prevents the spread of disease from one product to another, improve 

the handling and sanitation of the product, and facilitates pricing and labeling of individual 

may occurs with result in poor gas exchange and odors. 

 

3.6.4. Packaging of fresh cut fruits (convenience, custard pudding and vegetables for 

salad):  

 Higher respiration rate  

 Easy microbiological spoilage 

 Enzymatic browning 

 High moisture loss 

 

Solutions:  

 Treatment with antimicrobial agent containing wash water 

 Use of antioxidants 

 

Dehydrated foods 

Note: Packaging of some selected foods have been previously discussed 

 Protection from moisture, air, oxygen, light 

 Microbiological spoilage, enzymatic reactions, oxidative rancidity 

 Vac. or inert gas packaging, oxygen scavenging,  

 Dehydrated vegetables: laminated sacks or PE bags 

 Dried meat: nitrogen flushed large cans, al. cans, foil topped glass jars, 

composite containers 

 Bulk packaging: lever lid containers, drums 

 

Total quality protection/Product package compatibility 

It is desirable that no interaction between food and packaging material occurs which may 

harm the quality of food and pose health hazard to the consumers. Hence, total quality 

protection is a necessity. 
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The food-package interaction can result in: 

 Unacceptable changes in food composition 

 Unacceptable changes in organoleptic properties 

 Toxic effects 

Migration is a common process leading to food-package interaction. It refers to the process 

in that the monomers and other packaging material components move or transfer to food 

and vice versa by leaching or diffusion (evaporation). 

 

Overall migration: Previously termed as global migration, it refers to the migration of sum of 

all mobile packaging material components, and measured per unit area under defined test 

conditions. All the migrants may not be known and may not be of toxicological interest.  

 

Specific migration: It refers to the migration of a specific, individual and identifiable 

component. The terminologies are commonly and appropriately used in case of plastics 

 

3.7. Shelf life of packaged food and its determination 

Quality of packaged foods deteriorates with storage time (with exception of certain alcoholic 

beverages) and they become unacceptable (unsatisfactory quality and unacceptability) at 

one point of time (e.g. separation of oil from emulsion over storage and development of 

unattractive appearance, brown discolouration of tomato products, staling of bread, wilting of 

leafy vegetables, loss of crispness in biscuit and cracker, development of musty odour in 

dried herbs, development of unsatisfactory colour and quality deterioration due to non-

enzymatic browning, freezer burn in meat, lipid oxidation esp. of fatty foods, etc., above all 

microbiological spoilage). 

 

3.7.1. Definition of shelf life of packaged food 

Time elapsed between the production of the packaged product and the point of time at which 

it becomes unacceptable under defined environmental conditions. 

Mention of shelf life on label: “maximum shelf life”, “expiry date”, ” best before” etc. 

 

3.7.2. Factors affecting shelf life of packaged food 

1. Product nature (perishable, semi-perisheble, non-perisheble) and composition 

(intrinsic factors: concentration of reactive compounds, pH, aw, enzymatic activity, 

microbial load etc) 

2. Properties of packaging materials  
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3. Environment to which the product is exposed during distribution and storage 

(extrinsic factors: environmental factors e.g. temperature, relative humidity,  oxygen, 

pressure, light, handling and distribution conditions 

4. Processing and preservation methods 

5. Product-package interaction 

 

3.7.3 Situations for shelf life determination 

1. Determine the shelf life of existing products (regular production) 

2. Study the effect of factors affecting the shelf life of packaged food product 

3. Determine the shelf life of newly developed product as affected by new processing or 

packaging 

 

3.7.4 Indices of shelf life  

 Consideration of main deteriorative reactions 

 Examples 

Extent of non-enzymatic browning in intermediate aw products; degradation of chlorophyll 

in leafy vegetables; concentration of hydrogen gas in canned food; extent of lipid 

oxidation in fats and oils 

 

3.7.5 Methodological approaches of estimating (predicting) shelf-life 

 Literature study of analogous product 

 Monitoring of turnover time: that is, average time the product spends on retail shelf 

 End point study: random samples are collected from retail outlets and tested in the 

laboratory 

 Laboratory test for shelf life 

 Testing shelf life in lab (plant) under actual (ambient) conditions of packaging 

and environmental conditions of temperature and relative humidity. Samples are 

drawn from time to time and tested by panel by differentiation tests or objective 

tests are performed e.g. degradation of ascorbic acid or lycopene. 

 Accelerated Shelf Life Testing (ASLT) is conducted under accelerated condition 

of extrinsic factors such as temperature, relative humidity and oxygen partial 

pressure present in package headspace such that product deteriorates early. It 

specially implies to storage temperature since high temperature accelerates the 

reaction rate many folds (Q10 effect). This test saves time and gives quick results 

(say, 1 month instead of 1 year by increasing storage temperature by 20°C) and 

thus much shorter time is needed to meet product launch schedules. 
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It is essential that chemical and instrumental analysis results closely correlate with sensory 

test results (human judgement) 

 

Shelf life estimation of pre-packed vegetables in vented PE bag 

Selection of sound vegetables, washing, draining and air drying 

↓ 

Packaging in vented test package (PE) and weighing (net wt recoded) 

↓ 

Store under specified test conditions (Temp, Rh) 

↓ 

Record weight and observe for wilting, microbial infection every two days 

↓ 

Interpret the observations and results and draw inference 

 

3.7.6. Quality control and legislative aspects of packaging 

Aspects of consideration: 

 Quality control of packaging material and package 

 
Meet standards and specifications for quality (or material) and performance, measurements 

(e.g. size) and properties, minimize faults in fabrication, check lowering of quality, meet 

performance requirements, win and retain customer goodwill. 

 
Defects, critical, major and minor defects, tolerances and critical limits, elimination of 

substandard products, manufacturer-user dialogue 

 Safety 

 

3.7.7. Tetra packaging 

Tetra packaging materials has 4- 6 layers- 

 Polyethylene to protect against outside moisture 

 Paperboard for stability and strength 

 Polyethylene acts as adhesion layer 

 Aluminium foil as a barrier for oxygen, flavor and light 

 Polyethylene, again as adhesion layer 

 Food grade polyethylene which seals in the liquid 
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Fig. 3.8: Tetra Packaging layer 

 

3.7.8. UHT process 

Pasteurization effectively eliminate potential pathogenic microorganisms and sterilization 

refers to the complete elimination of all microorganisms. The basis of UHT, or ultra-high 

temperature, is the sterilization of food before packaging, then filling into pre-sterilized 

containers in a sterile atmosphere. Fruit juice is processed in this way using temperatures 

exceeding 135° C, permits a decrease in the necessary holding time (to 2-5 s) enabling a 

continuous flow operation. 

 

Some examples of other food products processed with UHT are: 

 liquid products - milk, juices, cream, yoghurt, wine, salad dressings 

 foods with discrete particles - baby foods; tomato products; fruits and vegetables 

juices; soups 

 larger particles - stews 

 

3.8. Storage of Fruits and Vegetables 

Proper marketing of perishable commodities such as fruits and vegetables often requires 

some storage to balance day to day fluctuations between harvest and sale for long term 

storage. Storage improves commodities quality, usefulness and also controls a market glut. 

The principle goal of storage is to control the rate o transpiration, respiration, disease and 

insect infestation. Storage life can be prolonged by harvesting at proper maturity, control of 

post-harvest diseases, regulation of atmosphere, chemical treatments, irradiation and 

refrigeration and controlled modified atmosphere. 

 

The main goals of storage are: 

 Slow biological activity without chilling injury 

 Slow the growth of microorganisms 

 Reduce the transpiration loss 
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The factors which need to be taken into account before embarking on crop storage 

are: 

 Knowledge of the appropriate storage conditions 

 Cultivar or variety of crop suitable for storage 

 Availability of appropriate storage facilities 

 Availability of suitable management 

 

Fruits and vegetables are living organisms. Their condition and marketable life will 

deteriorate during storage through- 

1. Loss of moisture 

2. Loss of stored energy-carbohydrates 

3. Loss of other foods 

4. Physical losses through pest and disease attack 

5. Loss in quality from physiological disorders, 

 Fibreness (asparagus) 

 Greening (potatoes) 

 Rooting (due to increased humidity 

  Shoot growth and elongation 9asparagus,carrot, beet) 

 Seed germination 

 Fruit growth 

 Sprouting (potatoes, ginger, onion, garlic) 

 Toughening (due to high temperature beans and sweet corn) 

 

Factors affecting storage 

 Temperature 

 Relative humidity 

 Air velocity 

 Atmosphere composition 

 Light 

 Storage operations 

 
Methods of storage: Mainly there are two methods of storage i.e. traditional methods and 

advanced methods 

 

A. Traditional methods (Low cost storage structures) not requiring refrigeration include: In-

situ, sand, coir, pits, clamps, windbreaks, cellars, barns, evaporative cooling, and night 

ventilation: 
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a) In situ. This method of storing fruits and vegetables involves delaying the harvest until 

the crop is required. It can be used in some cases with root crops, such as cassava, but 

means that the land on which the crop was grown will remain occupied and a new crop 

cannot be planted. In colder climates, the crop may be exposed to freezing and chilling 

injury. In some commodities development of undesirable fiber and starch occurs. There 

are chances of occurring damage due to insect pests and diseases. 

 

b) Sand or coir: This storage technique is used in countries like India to store potatoes for 

longer periods of time, which involves covering the commodity under ground with sand. 

 

c) Pits or trenches: These are dug 1.0-1.5m deep at the edges of the field where the crop 

has been grown. Usually pits are placed at the highest point in the field, especially in 

regions of high rainfall. The pit or trench is lined with straw or other organic material and 

filled with the crop being stored, then covered with a layer of organic material followed by 

a layer of soil. Holes are created with straw at the top to allow for air ventilation, as lack 

of ventilation may cause problems with rotting of the crop. This method is suitable for 

storing ginger. 

  This method is not suitable for fruits and leafy vegetables demanding high humidity 

because it cannot maintain high humidity. The stored commodity cannot be examined 

frequently for rotting etc. 

 

d) Clamps: This has been a traditional method for storing potatoes, cassava etc. in some 

part of the world, such as Great Britain. A common design uses an area of land at the 

side of the field. The width of the clamp is about 1 to 2.5m. The dimensions are marked 

out and the potatoes piled on the ground in an elongated conical heap. Sometimes straw 

is laid on the soil before the potatoes. The central height of the heap depends on its 

angle of repose, which is about one third of the width of the clump. At the top, straw is 

bent over the ridge so that rain will tend to run off the structure. Straw thickness should 

be from 15-25 cm when compresses. After two weeks, the clamp is covers with soil to 

depth of 165-20 cm, but this may vary depending on the climate. Produce may desiccate 

because of low relative humidity. Large heaps may result in more incidence of rotting. 

 

e) Windbreaks: are constructed by driving wooden stakes into the ground in two parallel 

rows about 1 m apart. A wooden platform is build between the stakes about 30 cm from 

the ground, often made from wooden boxes. Chicken wire is affixed between the stakes 

and across both ends of the wind break. This method is used in Britain to store onions. 
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f) Cellars: These underground or partly underground rooms are often beneath a house. 

This location has good insulation, providing cooling in warm ambient condition and 

protection from excessively low temperatures in cold climates. Cellars have traditionally 

been used at domestic scale in Britain to store apples, cabbages, onions and potatoes 

during winter. Produce may desiccate due to low relative humidity. 

 

g) Barns: A barn is a farm building for sheltering, processing, and storing agricultural 

products, animals, and implements. Although, there is no precise scale or measure for 

the type or size of the building, the term barn is usually reserved for the largest or most 

important structure on any particular farm. Smaller or minor agricultural buildings are 

often labeled as shed as or out buildings and are normally used to house smaller 

implements or activities. 

 

h) Evaporative cooling: When water evaporated from the liquid phase into the vapor 

phase energy is required. This principle can be used to cool stores by first passing the 

air introduced into the storage room through a pad of water. The degree of cooling 

depends on the original humidity of the air and the efficiency of the evaporating surface. 

If the ambient air has low humidity and is humidified to around 100% RH, then a large 

reduction in temperature will be achieved. This can be providing cool moist conditions 

during storage. 

  Controlled atmospheres are made of gas tight chambers with insulated walls, ceilng 

and floor. They are increasingly common for fruit storage at larger scale. Depending on 

the species and variety, various blends of O2, CO2 and N2 are required. Low content O2 

atmosphere (0.8to 1.5%), called ULO (Ultra -Low Oxygen) atmospheres, are used for 

fruits with long storage lives (e.g. apples). 

 

B. Advanced (high cost) methods of storage 

1. Low temperature storage (Refrigerated or cold storage): Microbial growth and 

enzyme reactions are retorted in food storage at low temperatures. Lower the 

temperature the greater the retardation. Low temperature employed can be  

a) Cellar storage temperature (about 15℃) 

b) Refrigerated or chilling temperature (0 ℃ to 5℃) 

c) Freezing temperature (cold storage) (-18 ℃to – 40℃) 

 1(a) Cellar storage temperature (about 15℃): Temperature cellar (underground 

rooms) where food is stored in many villages are usually not much below that of the 

outside air and is seldom lower than 15. The temperature is not low enough to prevent 

the action of many spoilage organisms and other plant enzymes. Decomposition is 
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however slower down considerable. Root crops, potatoes, onions, apples and similar 

food scan are stored for limited during the winter months. 

 

 1(b) Refrigeration or chilling temperatures (0℃ to 5℃): Refrigerated storage or 

low temperature storage is the most common method of storage throughout the world 

both for fruits and vegetables. Refrigeration is the process of removing heat from an 

enclosed space or room or a substance or commodity. The primary purpose of 

refrigeration is lowering the temperature of the enclosed space or substance or 

commodity and then maintains the lower temperature. 

 

 1(c) Cold storage: At temperature below the freezing point of water (-18 ℃to -40℃) 

groth of microorganisms and enzymes activity Are reduced to the minimum. Most 

perishable foods can be preserved for several months. If the temperature is brought 

down quickly (quick freezing) and food held at these temperatures. Food can be quick 

frozen in about 90 minutes or less by (1) pacing them in contact with the coil through the 

refrigerant flows (2) blast freezing in which cold air is blown across the food. (3) by 

dipping in liquid nitrogen. Quick frozen foods maintain their quality and freshness when 

they thawed (brought to room temperature) because of very small crystals are formed 

when food are frozen by these methods. Many micro-organisms can survive this 

treatment and may become active and spoil the food if the food are held at high 

temperatures. Frozen foods should always, therefore be held at temperature below -5. 

Enzymes in certain vegetables can continue to act even after being quick frozen and so 

vegetables have to be given heat treatment called blanching (above 80℃) before they 

are frozen to prevent development of flavors. 

 

C. Controlled Modified atmosphere storage: In this system the products is held under 

atmosphere conditioned modified by package, over wrap, box liner or pellet cover. The first 

requirement of CAS is sufficiently gas tight envelopes around the produce and the second 

requirement is same means of maintaining the concentration of C02 and O2 at the desired 

level. This method in combination with refrigeration markedly enhanced the storage of fruits. 

Fruit that is most benefit by this technique is apple. Among the tropical fruits, the best 

atmosphere for storage of mangoes is 5 % C02 and 5% O2 at 13. CAS improved the 

appearance of pine apple fruit by reducing the superficial mould growth. The optimum O2 

level was 2%. Levels of oxygen below that were ineffective in extending storage life. Benefits 

could be obtained with papaya when the fruits are stored in 5% Co2 and 1% O2 for 3 weeks 

at 13. Initiation of ripening in banana can be delayed for weeks or months by holding the 

green banana fruits in an atmosphere of 1-10% O2, 5-10% Co2 or low 02, and high Co2, 
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combination. In general, the response of citrus fruits to CAS has been disappointing. In MAS 

the composition of the storage atmosphere is not closely controlled. 

 

D. Hypobaric (Sub atmosphere) storage: The commodity is placed in a vacuum tight and 

refrigerated container and evacuated by a vacuum pump to the desired low pressure. The 

process of ripening and senescence are greatly retarded by decreasing respiration and 

evacuation of ethylene given out by the produces. This is an expensive method. 

 

The extension of fresh fruits and vegetables and its products is an old challenge for industrial 

producers. In recent years, many innovative solutions and packaging materials have been 

explored, from active and intelligent packaging to edible coatings and nanomaterials, 

eventually coupled with MAP. High-barrier films and special packaging machines are used in 

order to displace atmospheric air from the headspace. Current research trend is emerging 

that couples the newest technological tools, such as active sachets, with the use of 

preservatives of natural origin, derived from spices and herbs. Proper packaging is an 

effective way to decrease post harvest losses and allow an extension of shelf life. Hence, 

adequate packaging method, coupled with interventions in formulation, can increase a 

product shelf life during storage. 

 

 

 

 

 

 



Indian Institute of Food Processing Technology 

130 Master Trainers Handbook of Fruits and Vegetable Processing 
 

CHAPTER 4 

FOOD SAFETY REGULATIONS & CERTIFICATION 

 

4.1. Need for Testing of Food 

Food Testing is a scientific analysis of food and its content. It is done to provide information 

about various characteristics of food, including the structure, composition and 

physicochemical properties. Food testing laboratories plays an important role in 

safeguarding food supply and maintaining public health. 

Food testing labs are also critical for investigating and identifying sources of 

foodborne illness outbreaks, as well as conducting food safety tests during recall campaigns 

to ensure, for example, that all affected products are removed from store shelves and 

restaurants. 

 

It is also conducted to analyze: 

1) The quality of a food products- this is done to verify the claim made by the 

manufacturer of the product on certain issues eg ingredients used 

2) For quality control- this is done before, during and after the manufacturing process to 

analyse the quality of the food ingredients and the finished products. 

3) Food inspection and grading- is performed regularly to ensure food manufacturer 

meet the set regulations and standards. 

4) Food must have a standardized nutritional label therefore food needs to be analyzed 

to verify the claims made 

5) Research and development is necessary for manufactures to improve and provide 

food high quality, healthy and affordable food, this requires studying and analyzing 

the products already in the market. 

6) To protect a manufacturer from rumors and smears. Many products in the market is 

being labeled by competitors or other rumor, such rumors can be sorted out.  

 

Over time, the mandate for food testing labs has been expanding far beyond what was 

originally envisioned within the Food Code. 

 

For example, large chain restaurants are now required to post the caloric content of their 

menu items so consumers can make more informed dietary choices. 

 

Testing for the presence of food allergens is another example. An increasing number of 

people are at risk for an anaphylactic shock when exposed to certain kinds of foods, from 

peanuts red meat to certain kinds of seafood. As a result, food testing laboratories have 
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been called on to certify food products as being nut-free or to identify the exact species of 

fish served at restaurants. 

  

 

4.2. List of Notified Reference Laboratories in India 

S.No. Name of the laboratory/ 

Institution/Organization 

Address Specific area 

1. Central Food Technological 

Research Institute 

FS & AQCL Department, 

CFTRI, Mysore-570020 

Nutritional Information 

and labelling  

2. Export Inspection Agency 27/1767A, Shipyard 

Quarters Road Panampilly 

Nagar, Kochi, Kerala 

682036 

GMO testing 

3. Punjab Biotechnology 

Incubator 

SCO 7-8 Phase-V, SAS 

Nagar, Mohali-160059, 

Punjab 

Sweets and 

confectionary including 

honey 

4. ICAR-National Research 

Centre for Grapes 

P.O. Manjiri Farm, Solapur 

Road, Pune - 412307 

Pesticide Residues 

and Mycotoxins 

5. Central Institute of Fisheries 

Technology  

CIFT Junction, Wellingdon 

Island, Matsyapuri, PO - 

Kochi 

Fish and Fish 

Products 

6. Centre for Analysis and 

Learning in Livestock and 

Food- National Dairy 

Development Board 

Opposite IRMA main gate, 

Near Anadalaya Nagar, 

Anand 388001. 

Dairy and Dairy 

products 

7. CSIR-Indian Institute of 

Toxicological Research 

Vishvigyan Bhawan, 31 

Mahatma Gandhi Marg 

Lucknow-226001 

Toxicological 

Evaluation/Risk 

Assessment for 

Nutraceuticals, 

functional foods and 

novel/emerging 

food/food ingredients 

8. Trilogy Analytical Laboratory, 

Pvt. Ltd. 

Plot No.7, C.F. Area, Phase 

II, IDA, Cherlapally, 

Hyderabad 

Mycotoxins and PT 

services 
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4.3. List of Notified Referral Laboratories in India 

S. 

No. 
Name of the Referral Food Laboratory 

Local Areas or States or 

Union Territories 

(1) (2) (3) 

1. (i) Director, 

Central Food Laboratory, 

3 Kyd Street, Kolkata - 700016. 

West Bengal, Orissa, Bihar, 

Jharkhand, Assam, Arunachal 

Pradesh, Chhattisgarh, Manipur, 

Meghalaya, Mizoram, Nagaland, 

Sikkim, Tripura, Union Territories 

of Andaman and NicobarIsland 

 (ii) Director, 

Food Research and Standardization 

Laboratory, Ahinsa Khand-II, Indirapuram, 

Ghaziabad-201014. 

2. (i)Director, 

Food Safety and Analytical Quality Control 

Laboratory, C/o. Central Food Technological 

Research Institute, Mysore –570013. 

Andhra Pradesh, Karnataka, 

Kerala Tamil Nadu, Telangana, 

Puducherry and Lakshadweep 

 (ii) Director, 

State Public Health Laboratory, 

Stavely Road, Cantonment Water Works 

Compound, Pune-411 001. 

9. Edward Food Research and 

Analysis Centre Limited 

Subhash Nagar, Nilgunj 

Bazar,  Kolkata 

Veterinary Drugs, 

Antibiotics and 

Hormones 

10. Vimta Labs Limited Life Sciences Campus, 5, 

MN Park, Genome Valley, 

Hyderabad-500101 

Water, Alcoholic and 

Non Alcoholic 

Beverages 

11. Fare labs Pvt Ltd L-17/3, DLF, Ph-II, IFFCO 

Chowk, Gurugram-122002 

Oils and Fats 

12. Neogen Food and Animal 

Secuity (India) Private 

Limited 

Uchikkal Lane, Poonithura, 

PO- Kochi 

Food Allergens 

Ancillary National Reference Laboratory 

13. EIA Chennai Chennai Support Facility in 

microbiological testing  

14. EIA Kolkata Kolkata Support Facility heavy 

metals in food testing 
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3. (i) Director, 

State Public Health Laboratory, 

Stavely Road, Cantonment Water Works 

Compound, Pune-411 001. 

Gujarat, Maharashtra, Madhya 

Pradesh, Rajasthan, Dadar and 

Nagar Haveli, , Goa and Daman 

and Diu 

 (ii) Director, 

Food Safety and Analytical Quality Control 

Laboratory, C/o. Central Food Technological 

Research Institute, Mysore –570013 

4. (i) Director, 

Food Research and Standardization 

Laboratory, Ahinsa Khand-II, Indirapuram, 

Ghaziabad-201014. 

Delhi, Haryana, Himachal 

Pradesh, Punjab, Union Territory 

of Chandigarh, Uttar Pradesh, 

Uttarakhand and Jammu & 

Kashmir  (ii) Director, 

Central Food Laboratory, 

3 Kyd Street, Kolkata 700016. 

 

4.4. List of Notified Referral Laboratories and their scope 

S.No. Name of the Referral Food 

Laboratory 

All over India - as per Scope of Testing 

defined here under 

(1) (2) (3) 

5. Director, 

Indian Institute of Horticultural 

Research, Hessaraghatta lake 

post, Bangalore - 560 089. 

Pesticide residue analysis of fruits and 

vegetables, cereals and pulses, water, spices 

(curry leaves), Nutritional, Proximate and 

microbiological analysis of fresh and processed 

food products. 

6. Director, 

Indian Institute of Vegetable 

Research, Post Bag No. 01; 

P.O. Jakhini, (Shahanshapur), 

Varanasi - 221 305. 

Analysis of pesticide residue, heavy metals, 

microbial contaminations, mycotoxins, 

antibiotics, disinfectants, colouring agents, 

adulterants, food additives, phytohaemagglutinin, 

allergens etc. in Vegetables. 

7. Director, 

Quality Evaluation Laboratory, 

Spices Board, 

Palarivattom P.O., Kochi – 

682025. 

Analysis of chemical contaminants (pesticide 

residues, heavy metals, illegal dyes and any 

other chemical contaminant), mycotoxins 

(aflatoxins, ochratoxin etc.), microbial 

contaminants, physical contaminants and 

adulterants in Spices. 
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8. Director, 

Quality Evaluation Laboratory, 

Spices Board, Chuttugunta 

Center, GT Road, Guntur – 

522004. 

-Do- 

9. Director, 

Quality Evaluation Laboratory, 

Spices Board, Plot No. R-11, 

Sipcot Industrial Complex, 

Gummidipoondi, Thiruvallur 

District, Chennai – 601201. 

-Do- 

10. Director, 

Quality Evaluation Laboratory, 

Spices Board, First Floor, 

Banking Complex II, Sector 

19A, Vashi, Navi Mumbai – 

400703 

-Do- 

11. Acting Director, 

Centre for Analysis and 

Learning in Livestock in Food 

(CALF), National Dairy 

Development Board (NDDB), 

Anand – 388001, Gujarat 

Milk and Milk Products, Analysis of pesticides, 

antibiotics and veterinary drugs, microbial 

contaminants and mycotoxins, heavy metals, 

Polycyclic Aromatic Hydrocarbons, dioxin, other 

emerging contaminants and Microbial 

parameters in milk and milk products. 

12. Director, 

Council of Scientific and 

Industrial Research - Indian 

Institute of Chemical 

Technology, 

Uppal Road, Tarnaka,  

Hyderabad – 500007 

Analysis of moisture, hexane insoluble matter, 

acid value, unsaponifiable matter, iodine value, 

saponification value, allyl isothiocyanate, 

Reichert Meissl value, peroxide value, fatty acid 

composition,  presence  of  animal body fat in the 

vegetable fat, cold test, test for 

physicalproperties,nickelinvanaspati, 

  phosphorous in soyabean oil, presence rancidity, 

soluble colors, presence of beef fat, 

phospholipids, tocopherol, trans fatty acid 

detetmination, Pesticide Residues, Heavy metal 

analysis in fats and oils. 



Indian Institute of Food Processing Technology   

 Master Trainers Handbook of Fruits and Vegetable Processing 135 
 

13. Director, 

National Research Centre on 

Meat, Chengicherla, Buduppal, 

Hyderabad – 500092 

Physico-chemical analysis (meat species 

identification, proximate composition, pH value, 

water holding capacity, meat pigments, 

emulsifying capacity, free fatty acid, peroxide 

value, TBA value, cholesterol content, nitrite 

content, sensory evaluation, texture & 

tenderness of meat & meat products, 

instrumental colour value, COD level of slaughter 

house effluent), Microbiological analysis, 

Pesticide Residues and Fatty acid profiles of 

meat and meat products”. 

14. Director, 

Indian Institute of Crop 

Processing Technology, Food 

Safety and Quality Testing 

Laboratory, Pudukkottai Road, 

Thanjavur – 613005, Tamil 

Nadu 

Nutritional, Proximate and Microbiological 

analysis of fresh and processed food products; 

Packaged Drinking Water analysis; Analysis of 

pesticide residues, heavy metals and 

microbiological analysis of Cereals and Cereal 

Products and Spices.” 

15. Director, 

Central Institute of Fisheries 

Technology, Indian Council of 

Agricultural Research, 

Willingdon Island, CIFT 

Junction, Matsyapuri P.O., 

Cochin – 682029, Kerala 

Physio-chemical analysis, 

Bacteriological Tests, detection of Viruses, 

Bacterial toxins, Antibacterial substances, other 

microbiologicaltests, 

analysis of pesticide residues & heavy metals in 

Fish & Fishery Products. 

16. Director, 

Indian Institute of Integrative 

Medicine, Council of Scientific 

& Industrial Research, Canal 

Road, Jammu-Tawi-180001 

Analysis of Aflatoxins, Free fatty Acids, Peroxide 

value, Iodine value, Pesticide residues, Metals & 

Other soluble Residues in Nuts; Presence of 

Moisture content, Specific gravity, Reducing 

sugar, Fructose-Glucose Ratio, Acidity, Ash 

content, Analysis of Heavy Metals, Pesticide 

residues in Honey; Analysis of Aflatoxins, Energy 

Organics, Vitamins, Total fatty Acids, Total 

Saturated Fatty & Unsaturated Fatty acids, 

pesticide residues & heavy metals in 

Nutraceuticals. 
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