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CHAPTER-I 

INTROOUCT\ON 



1.0.0.0 INT RO DU CT I 0 N 

Cheese is one of the oldest foods of the mankind. 

At times, cheese has enabled people to survive periods of 

famine, and also during wars dating back Sth century A.D., 

when the invading Asiatic hordes fighted the legions of the 

Po valley on the Italian Lombardy plains. First time, the 

cheese was made few thousand years ago. The oldest of 

writings from Egypt, Greece, and Italy contain the detailed 

reports about cheese. Even numerous quotations regarding 

cheese have been mentioned in tlie Bible, songs of Holmer, 

Virgil and Ovid's poetry, and in ttie works of Columella, 

Paladin, Varro, Pliny the elder and Martial. 

1.1.0.0 Cheese is the product made from the curd obtained 

from milk by coagulatin g the casein witti the help of rennet 

or similar enzyme in the presence of lactic acid, produced 

by added or adventitious microorganisms, from which part of 

the mo i s tu re ha s b e en re mo v e d by cu t tin g , cook in g a n d / o r 

pressing, which has been stiaped in a mould, and then ripened 

by holding it for some time at suitable temperatures and 

humidities (Davis, 1976). 

1.2.0.0 At present there are about 20 types of cheese in 

the world, and are known by over a thousand different names 

{De, 1980). Cheeses are classif'ied in different ways like 

geographical considerations, e.g. country, to\.rn or region 

t.1.,ere the cheese was first manufactured; method or manufacture, 
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e.g. temperature of cooking etc., physical and rheological 

properties, e.g. very hard, i.e. containin g low moisture 

( 13-34%) like Romano and Parmesan varieties of cheese; medium 

moisture (34-45 %) like Edam, Brick, Swiss and Cheddar; high 

moisture (45-55%) like rbzzarella, Camembert and Blue cheese; 

and very high moisture (55-80%) like cottage, Ricotta, and 

Cream cheeses. With the exception of certain high and very 

high moisture cheeses, all the varieties of cheese are 

consumed after ripening at speci fie temperatures in order to 

obtain desired optirrum flavour. However, many times the 

ripening process continues even after the desired flavour 

is reached and protein is decomposed, thus resulting in low 

quality cheese. With a view to improve the various types 

of cheese, and to enhance their keeping quality, and to 

develop a protein food of high nutritive value from the 

milk protein, the Swiss, Walter Gerber and Fritz Stettler. 

Than succeeded in finding a solution to referred objectives, 

and invented processed cheese in the year 1911. 

1.3.D.O Processed cheese is the food prepared by 

comminu ting and mixing into a homogenous plastic mass with 

the a id o f he a t with o n e or more ty p es o f cheese, with one 

or more of the permissible emulsifiers, namely the sodium 

or potassium salts of citric acid, phosphoric acid, tartaric 

acid, lactic acid etc. in sucf.i quantity that the weight of 

such emulsifying agents is not more than 4 per cent of the 

weight of the processed cheese. It may contain edible 

common salt, annatto or carotene or permitted flavourings 



as specified under ttie Pf"A rules, 1955. 

is quite high in its nutritive value. 

3 

The processed cheese 

It contains milk 

proteins, calcium and phosphorous, fat soluble vitamins, viz. 

A,D,E and K, and provides energy. The processed cheese 

offers numerous . advantages over natural cheeses, viz. it can 

be stored for months or even years;- surface infection is 

avoided; can be stored without re fri gera tic n; no loss in 

weight and aroma due to drying; loss due to find formation 

is eliminated; has no smeary surface; and has extremely good 

digestibility, thus becominq a highlyssuitable food. 

1.4.D.O In the manufacture of processed cheese, the 

relatively coarsely dispersed para casein calcium of the raw 

cheese is changed into a homogenous flowing condition, i.e. 

a sol, whic'1 after cooling forms a homogenous gel (processed 

cheese). Ttiis is achieved by means of heat and using sodium 

citrate as a peptising agent. 

1.s. D. 0 In India, t'1e estimated total cheese production 

was about 2,000 tonnes in 1982. This figure includes the 

Ch e d d a r, Gou da an d p ro c es s e d ch e es es o n l y ( Singh , 1 9 8 5 ) • 

1.6.D.O Packaging of any food product is a vary essential 

step in the manufacturing line. This is because the product 

has to be saved from many adversaries such as insects, 

rodents and microorganisms; light and oxygen in case of 

fatty products. At times, the microorganismsspoil the 

product to such an extent that ttie product becomes unfit 

for human consulllJtion, and if consumed, results in food 

poisoning. Therefore, it becomes all necessary that the 
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food product available to the consumers is of the same high 

quality, he used to get in freshly manufactured product. 

This holds true for processed cheese as well. While 

selecting a package for processed clieese, due considerations 

must be given that the package ensures the predetermined 

shelf life of the product; ttie pack is of right sf-iape and 

size, and its design attracts the customer. Ttie tincan 

fulfils most of the requirements of a perfect package, but 

it is quite expensive and involves the expenditure of valuable 

foreign exchange. 

1.7.0.0 Presently, ttie processed cheese in foreign 

countries is generally being wrapped in sliced form in PP film 

or co-extruded PP, and the wrapped portions placed in a P VDC 

film. In India, the processed cheese is being packed in 

small portions in Aluminium foil, which in turn are placed 

in a carton. Few organizations are also packaging processed 

c '1 e es e in 1 a c qu ere d ti n cans • Th e wrap p in g o f po r ti o ns o f 

processed cheese in PP requires high speed machine; whereas 

the use of Al. foil plus cartons, and tincans is expensive. 

Recently, the plastic industry in this country has made 

available in the market low cost, beautify, hygienic and 

convenient plastic containers. 

1.s.0.0 Since not much published information is available 

on the studies on shelf life of processed cheese packed in 

plastic conta iners, the studies reported in this dissertation 

uere undertaken to generate scientific inrormation on the 

p a ck aged p ro du ct , and the int er a c ti o n o f p ro du c t an d package 

during storage at selected te~erature and humidity conditions. 
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The processed cheese was also packed in metal containers to 

see how they corr-.:>ared with plastics containers an d whet'ier 

the high cost of metal cans was commensurate with the 

increased shelf life of the product. 

1.9.D.O The studies on ttie packaging of processed cheese 

in plastics containers and metal cans are reported in the 

follouing pages of the theei s as classified below. 

1.9.1.0 Section 1 of the thesis provides the background 

information on the need for ttie present studies. Section 2 

contains a critical review of publis'ied scientific information 

on the related aspects of t'ie packaging of processed c'ieese. 

Section 3 depicts the scope of the present studies and the 

plan of work. The experimental procedures adopted in the 

present investigations are described in section 4. In 

section 5, the results obtained on sensory attributes, 

chemical and microbiological chanqes in respect of packaged 

processed cheese during and after storage at different 

conditions, are presented and discussed. A consolidated 

summary of the study carried out and the observations made 

are delieneated in section 6. A comprehensive bibliography 

of the references cited in the dissertation follows the 

summary. Wherever necessary, the results are depicted 

graphically in respect of changes in sensory characteristics, 

chemical and microbiological quality. 



CHAPTER -II 

REVIEW OF LITERATURE 



2.0.0.0 REVIEW OF LITE RATURE --

Packaging is a coordina ted sy ete 1J i c h pre-- ~ 

goods ror traneport, distribution, storage, reta ili n a d 

end-use. It is also a means of' ensurin q sa fe delivery to 

the ultimate consumer in sound condition at minirrum cost . 

Packaging also performs a tec'1no-economic function aimed 

a t m in i mi z i n g co s ts o r d e 1 iv e ry w h 11 e ma x i m i z in g s a 1 es , a n d 

hence profits. Therefore, packa ging is a corrplex, dynamic, 

scientific, artistic, and controversial segment of business. 

In general, packaging contains, protects, and preserves the 

contents. It also informs ttie consumers about the facts of 

ttie product. Jn addition to convenience, p ackaging also 

helps in selling of the product. 

The packaging has undergone a fast change in 

last decades. Ttie packaging of dairy products in the past 

to the general public meant only the use of leaf cups, 

reclaimed su qar bags, wrapping paper, ne1Jsprint, used tin 

containers, or in special cases, parc'1ment wrappers for 

products like butter. The paskaging of' dairy products in 

under-developed countries had been of' minor importance. 

According to one report (De, 1980), the estimated per 

capita expenditure on packaging in 1972 t.1as: USA - Ps . 460; 

UK - Rs. 280; Japan - • 217; and India - only ~ . 6. 

The selection of packaging materials mainly 

depends on the co~osition and nature of th e product to be 

packaged, desired shelf life of the product and sales appeal. 
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Extensive research work has been done in many of t h Ht 

and European countries on the packa ging of various typee 

of dairy products, includin q processed ch e ese. Tti e tee no logy 

developed for the packaging of processed cheese in ttie fore i gn 

countries, whicti is most speci fie to their requirements, lies 

been adopted in this country without any scientific backing, 

and also without considering the exact packaging requirements 

under our climatic and marketing conditions. However, tl-ie 

review of work done abroad and little work done in this 

country on ttie packaging of processed cheese has been included 

in this ctiap ter. 

2.1.0.0 PACKAGING OF PROCESSED CHEESE 

In order to retain the desired qualities of 

the processed ctieese for a longer period, ttie follouing uork 

tias been published concerning the packaging of processed 

cheese. 

2.1.1.0 Portionin g and packaging: 

During the last 60 years, tremendous improvements 

have been made in the methods of filling of processed cheese. 

In early days, the processed ctieese was being filled by 

small, semi-automatic machines into hand-made moulds of tin 

foil, top of which were covered with Al. foil, and were then 

manually closed (Meyer, 1961 ). In past decades, the processed 

cheese was made in small blocks of rectangular, triangular 

or round stiapes. But, presently all operations such as . 
forming of ttie mulds, portioning out of the cheese, closing 
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a nd sealing, labellin q and dis ch a r ging or the f> i n is h ed pacv 

a re carried out with automatic f> i llin q and 0 ealing macf-tl n ea . 

This has been possible due to th e adv anc ments made in the 

packagin g machinery (Meyer, 1964). The proc eae d cheeee 

has been packaged in ttie following dif'f'erent mann e r s . 

Pro ceased cheese in portions 

A French co mp any M/s. Fr a ma gar ies Gro ssJ ean 

SA (1969) recommended a pull-tab for openin g portions of 

processed cheese. In tf-tis system, the pull-tab, preferably 

made of plastics or tieat sealable aluminium material was 

sealed by means of a heated plate onto t h e inside of the 

sheeting, which formed the pack for the cheese segment. 

The tab, in ttie form of a ribbon lay parallel to the 

longitudinal axis of ttie cheese portion an d about 1 cm was 

left at the end ofor gripping . 

The portions of processed cheese in different 

shapes suet, as trian gular, square, rectan gular, round or 

half moon-stiaped had been urapped in foil by usin g Kustner 

cheese packa ging machine (Meyer, 1973). Th e size of the 

portion varied from 5-250 g depending upon ttie size of the 

portion. The machine could pack about 50-250 portions 

per minute. 

A report (Anon, 1974) described the various 

aspects of cl-ieese in individual portion packs, covering 

cheese types (fresh, sort, pressed, blu e veined, go a t's 

milk and processed), advantages, consumer attitude etc. 
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A Swiss company suggested a neu laminate for 

portion packaging of cheese (Anon, 1978). The construction 

of the laminate included a 15 pm polyamide, 12 vm partially 

metallized polyster film and 40 pm Surlyn ionomer film 

(Du Pont de Nemours). It was claimed that the polyster gave 

excellent impermeability, while the ionomer (because it 

could be reliably heat-sealed even when the surface was 

soiled with fat) reduced the risk of leakage. 

Guyonnet (1980) fabricated a portion-packaging 

machine, particularly suitable for processed cheese. The 

machine had work positions in-line, each having the same 

nunt>er of identical working tools, which in relation to the 

work positions as a whole, constituted a plurality of 

parallel work lines. Both work positions and working tools 

could be readily removed from the common frame. 

2.1.1.2 Processed cheese in blocks 

The size of the blocks of the processed cheese 

generally ranges between 5 DO g to 2 .s k g . In this case the 

machine discharges the required quantities automatically, 

in one or n:iore thrusts from a broad nozzle into the box 

placed underneath (of wood, plastics or metal lined with 

foil). An improvement in the method of moulding and wrapping 

of block processed cheese was put forward by Burgess ( 1944), 

a ccording to which a flexible sheet was prefolded in a form 

suitable for packaging processed cheese. The sheet was coated 

on one side with a thermoplastic, self-sealin g coatin g , which 

enabled the packages to be hermetically sealed. 
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Vonk (1970) packed blocks of proc essed c he es 

in moulds itself, which also served as packages. I n th i e 

system, the plastic bags were placed into the corrpartments 

of a mould of light insulating synthetic material, e.g. 

foamed plastics. After sealing the plastic bags, the 

mould was closed by a suitable lid, or two similar moulds 

were combined, preferably with an interlayer of foil or 

cardboard by means of adhesive tape. 

2.1.1.3 Processed c~eese in cans 

Tincans are the most secure packages for 

processed cheese. A typical processed cheese tincan is 

round in shape and ranges in capacity from 100 g to 1 000 g. 

The can as well as the lid are lacquered on the inside 

with a double layer of gold lacquer as a protection against 

co rros ion. 

As a result of development in the field of 

canned processed cheese, the Alpac cans were introduced. 

Ttie typical can was made from aluminium. It was smooth 

walled and lacquered on the inside (of can and lid) with 

physiologically unquestionable plastics material. This 

new type of can could be made air and gas tight by welding 

together• and could be opened by means of a projecting 

tearstrip on t~e lid. Different filling and sealing 

machines for processed cheese in cans were also put in use 

( Mey er t 1 9 73 ) • 



2.1.1.4 Processed cheese in cups and plastic 
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For the main reasons of canv enience and 

economy, a Danish firm M/s. Andersen and Bruun developed 

pleated cone shaped aluminium cups (Alucup) which were widely 

used for the packaging of processed cheese about 25 years 

back. The cups were attractive and had a capacity of 

50-100 g. There was a protective lacquer inside. The cup 

after filling could be closed in an airtight manner with an 

aluminium lid. In t'1is case, ttie cups were sealed by using 

a small sealing mac'1ine (Meyer, 1973). 

More recently, plastic cups/tubs in different 

stiapes such as cylindrical, conical etc. made of polystyrene, 

hard PVC or other plastics materials (250-600 micron thickness) 

appeared in the overseas market, and were wholeheartedly 

welcomed by ttie consumers (Meyer, 1973). The filling and 

sealing of the cups/tubs was achieved by a machine having 

an output of 30 packs/min. However, the processed c'1eese 

having a temperature of more than 70°C could not be filled 

for the reasons of containers becoming soft and getting 

deformed as the thermal resistance of the material of the 

plastic cups/tubs yas between 70°-75°C. To overcome ttiis 

problem, Kalle AG in \Jiesbaden-Biebrich developed a new 

package made from hard PVC, which remained stable upto a 

temperature of ee0 c, thus rated quite suitable for processed 

cheese. 
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2.1.1.s Processed cheese in tubes 

The processed cheese has also been packed in 

tubes made of metal or plastics, with holding capacity of 

75-150 g. The filling and closing of tubes required special 

tube filling units. 

Volkov, Astakhova and Kuleshova (1969) 

presented a detailed information on the UPT-14 ultrasonic 

sealer and its application to packaging of processed cheese 

in LOPE tubes, and aluminium tubes. 

A report (Anon, 1978) described the technique 

of flattening of processed cheese in package. In this system , 

the hot processed cheese in liquid form was fed into a tube 

of polyester Mylar 50 CS, the tube was flattened and pressure­

sealed transversely which formed the individual portions. 

After cooling in chilled water, the individual portions 

were separated and arranged in stacks of 2-12 before o v er­

lappin g . The thickness of the portion (and consequently 

their weights) was adjustable, which produced packs of 

18-28 gas per the market requirements. 

Processed cheese in slices 

The processed cheese in sliced form was first 

made in . America by Kraft Cheese Company in the year 1950 

(Kraf't Kaseuerke, 1950). In this technique, the cheese 

emulsion was run over a cooling cylinder on which it hardened, 

and was then removed ae a band of cooled cheese. The broad 

band was then cut by knives into slices, laid above each 
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other in layers of eight, divided, cut and automatically 

wrapped. There had been very good response from the consumers 

in favour of this type of packaging system. 

According to Carne (1979), the annual 

consumption of processed cheese in slices for m in t h e USA 

was over 600 million kg, which corresponded to approximately 

7 0 p er c en t o f the to ta 1 p ro c es s e d ch e es e co n s u mp ti o n • 

Due to very favourable acceptance of this new 

packa g ing technology, the scientists and the companies 

involved in the manufacture of processed ct-ieese have been 

continuously researching the newer packaging materials, 

techniques of ma nu racture and wrapping (Swift & Co. Ltd., 

1963; Fromageries Bet-La Vache ()Ji Rit, 1965; Fievet, 1968; 

Bush &: Hannon, 1970; Miller, Borgardt and Olson, 1970; 

Hansen, 1973; Boef, 1974; Gorshe, 1981; Heitz, 1982). 

Though many types of flexible wrappin q materials 

and laminates, substantially impervious to gas and moisture 

have been used for ttie packagin g 0 r sliced processed cheese, 

but by and large, polyprop y lene or co-extruded PP as inner 

wraps, and PVDC coated cellophane or PP for outer uraps have 

b a en in u s e in U SA ( Goy a 1 , 1 9 8 6) • 

2.1.2.0 Packaging materials and their reguirement! 

for processed cheese: 

The processed cheese undergoes sterilization 

process during manufacture, and hence is roore stable. It 

has been successfully packaged in Sara n film ( Anon, 1967) 



14 

and Aluminium foil havin r:i a '1eat sealable coating (Wearmouth , 

1956). The packaging of processed cheese in was coated 

cellophane treated with a mould-preventive agent to retard 

bacterial growth has also been recommended (Sac h row and 

Griffin, 1970). 

Heiss and Eichner (1970) su ggested t hat ttie 

packaging materials for processed clieese should be light-

p roof, pliable and adhering but not sticky, heat resistant 

(filling temperatures between 70° and so0 c), and resistant 

to weak acids and soluble salts. 

Sachrou (1971) studied ttie suitability of foil 

laminates, cellophane, Al.foil, cast PP e t c. for tlie packaging 

of processed cheese (sliced or in pieces). 

Moll (1974) reviewed the basic requirements 

of suitable materials for packaging or cheese l.lith reference 

to permeability to water vapour and gases, transmission of 

light and heat, external appearance and shelf life required. 

Walter (1977) recommended a drawn container 

of metal plastics laminate f or tlie packaging of processed 

cheese. The container consist ed of a metal layer having a 

thickness of 0.04-0.30 mm, preferably o.os-0.20 mm, and a 

biaxially oriented plastics layer havin g a tliickness of 

0.000-0.025 mm, preferably 0.012-0.020 mm. 

2.2.0.0 STORAGE STUDIES OF PROCESSED CHEESE -
2.2.1.0 Keeping gua li ty: 

Toma, Moldovan and Istudor (1 9 62 / 63) ware 
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successful in improving ttie keeping quality of processed 

cheese by efficient thermal treatment and t h e ad d ition of 

preservatiqes. Heating tlie melt at 85°C for 6 min or 88° C 

for 4 min gave products which kept for over 3 roonths at 

37°C, whilst those treated at eo0 c for 4 min were blown 

wittiin 30 days. The incorporation of sorbic acid or 

potassium sorbate into ttie melt at ttie rate of 0.1 per cent 

a lso reported to be effective and the product had a s.,elf 

life of over 3 months at 20°c. 

Fluckiger (1964) suggested that the main cause 

of blowing of processed cheese was the corrosion of Al.foil, 

which was due to the absence of a lacquer coating or due to 

th e po res p re s en t i n t tie 1 a c qu e r co a ti n g • H e a 1 so 1 i s t e d 

the factors which favoured corrosion, and described a test 

for examining the lacquer coating on Al.foil. 

From a study, Komissarova ( 1965) found that 

the processed cheese could be kept best at -2 to -3°C and 

85-90 percent RH or at 4-5°C at the same RH. He observed 

ttiat ttie shelf life of the processed cheese decreased as 

tti a storage tempera tu re incr eased. 

Olotex, Ferrer and Gardener (1 9 71) packed 

processed ctieese in various types of p acka g ing materials 

having different water vapour p e rmeabilit ie s and subjected 

the packed product to different climatic conditions (20, 30 

and 37°C; 45, 53, 75 and 100 ~ RH) and evaluated the product 

organoleptically on a Hedonic scale. 
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Hartmann (1972) observed that only films of 

very low oxygen permeability, e.g. Hostaphan-PE X (P VD C-coated) 

(permeability 15 cc/m2 /24 h) gave adequate protection to 

the quality of Emmental processed cheese over reasonably long 

storage periods. 

Witli tl-ie aim of extending the shelf life of 

0 tinned processed cheese from 30 to 90 da y s at 30 C, Kalra, 

Laxminarayana and Dudani (1973) added nisin (100 Reading 

Units/g) to melted cheese. Tl-ie increase in shelf life was 

mainly due to inhibition of tlie growth of anaerobic spore 

fo rmers. However, nisin failed to check the growth of 

y eas ts and mou 1 ds. 

Pulay and Zukal (1974) studied the shelf life 

of processed cheese when heated to 92°-95° C during manu f acture, 

and stored at either 22°c or 37°C. The experiments showed 

that many samples deteriorated within 30 days at both the 

temp er a tu res • 

The labo re to ry trials of Snegi rev a, Popkov a, 

Kuleshova and Kazakevich (1976) revealed that for tl-ie 

p a ck a g i n g o f p ro c e s s e d c tie e s e , po 1 y sty re n e cup s we re b e t t er 

than foil, whict, corroded and showed mould growth. The 

optirum storage temperature and RH for processed cheese 

were observed by them to be -4° .± 1°c and 85-90 per cent, 

respectively. Tlie cheese in PS cups was found to be of 

satisfactory quality for 3 rm nth s • A s e xp e ct ed , t Ii e sh e 1 f 

life of the processed cheese declined with increase in 

storage temperature. 
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Ttie sausage-stiaped 81moked processed c ti eese of 

280-290 mm length and 60 mm diameter, weighing D.s-1.0 kg, 

when package d in a 2-ply casin g consisting of an inner layer 

of Pov id en film of USSR manufacture (impervious to gas, 

moisture and vapour) and an outer layer of spirally applied 

c ellophane film, did not dry during storage . for one year, 

e ither at 4°-6°C or at -2°C. The observations also stiowed 

t liat t h e ctieese samples could be stored wi t hout loss of 

ouality for 4-5 monttis at 4°-6°C, or for 7-9 months at -2°C 

( 8 e d n y k h , Zak h a ro v a a n d 0 u d n i k , 1 9 8 0 ) • 

Tewari and Chakraborty (1986 ) packed the 

processed C!ieddar ctieese in tincans and stored at 5 + 1°c. 

From t'ie study , tl-iey observed that slight differences in the 

quality of natural Cheddar c'1eese were not of rrucli practical 

si gnificance after processing. 

Singh and Kanawjia (1987) recommended t hat 

ttie ch e ese should become a part of regular diet of our 

explorers in Antarctica and to our soldiers in Siac h in. 

2.2.2.0 Che mica 1 Quality: -----------
Csiszar and Tomk a (1949) c ompared ttie uncoated 

A 1 • f o i l w i th la c qu e r co a t e d S l f o i 1 f o r t '1 e p a ck a g i n g o f 

processed cheese. T.,ey observed ttiat the pe riphery of 

processed clieese developed hydro g en 24 hrs after wrappin g in 

uncoated foil, whereas tlie chees e packed in lacquer coated 

foil did not show t.,is defect. 

Storck (1953) examine d the c a s e s o f water 

"weeping" followed by proteolysis in p roc essed cheese, and 
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concluded that the weepin q defect wa s not connected witl-i t h e 

proteolysis, but was due to insufficiently ripe clieese, too 

1 o w a p H a t me 1 t in g a n d u s e o f to o h i g h t e mp er a tu r e du r i n g 

processing. 

k rnott, tvbrris and Combs ( 1957) studied tf-ie 

effects of certain chemical factors and noted that the pH, 

fat and moisture content did not affect the melting quality 

of precessed chess e. 

Ellickson and Hasenzahl (1958) observed that 

tlie incorporation of Uvinul-490 (a light screening substance 

based on substituted benzophenones) in tlie wax coatin g for 

dellophane wrappers used for wrappin g processed cheese 

re ta rd e d o x id a ti o n fro m 1 2 h rs ( cant r o 1 w rap s ) to 6 4 hrs 

during exposure of t'ie wrapped cheese in a dairy display case 

under fluorescent lighting at 45°F. 

Morris, Manning and Jenness (1969) suggested 

that a white powdery deposit of Ca-citrate on tlie surface 

of processed clieese slices (whicli appeared on the areas 

subjected ta pressure) could be prevented by avoiding the 

use of citrates in t'ie manuf a cture of processed cheese. 

Thomas (1969) investigated the effects of 

many variables such as age of cheese, duration of heating 

period and temperature, final nDisture content, pH etc on 

the flavour- and development of browning in processed 

cheese. 

Ozer (1970) analysed many samples of Turkish 

processed cheese and reported t.,e average chemical corrposition: 
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p H - 5 • 4 6 ; Mo i s tu re - 4 6 • 7 7 p e r c en t ; SN F - 3 2 • 8 9 p e r c en t ; 

FO(Yl - 38.23 per cent; Salt - 5.32 per cent; Protein - 21.75 

per cent. 

After analysing a large number of processed 

cheese samples (409), the upper and lower limits for rooisture 

a nd fat contents of good quality processed clieese were 

established (Maver, Belameric, Kovacevic and Milosevic, 1975). 

Puhan and Renz (1975 ) recommended that the 

tear-off strips made of plastics and not that of Al stiould 

be used in case of processed ctieese, in order to avoid 

corrosion and other defects in ttie product. 

Ttie experiments of Csok (1978) showed that the 

0 browning rate of processed cheese, heat-treated at 95 C 1Jas 

affected little by storage temperature; but after heat 

treatment at 108 or 11s 0 c, the browning rate increased uith 

increasing storage temperature (6, 16, 30°C). Ttie higher 

the temperature of heat treatment and lon ger the tiolding 

time (10 vs 5 or 0 min), the roore intensive was the browning. 

Ttie temperatures below 10°c were found to be excellent for 

the storage of processed ch ee se . 

Wagner and Wagner-Hering (1981) discussed the 

various aspects of production and composition of processed 

cheese which affected the quality characteristics of the 

/ product. The aspects included: tlie colloidal nature of 

casein and its structure; effect of polyp hosphates used as 

/ stabilizers; micro flora of processed cheese; milk products 

used in the menu facture (casein, whey concentrates, buttermilk); 

and nutritive value of processed cheese. 
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Chandan ( 1982) discussed gas and mois t ure 

vapour permeabilities of the packaging materials for 

processed chess e. 

Bley, Johnson and Olson (1985) suggested that 

tfie browning in processed ctieese could be controlled by 

regulating the salt contents in t h e cheese, by using strains 

of ,2_ir.§.Qtococcus ttiermoQliill!:!.,!! or by cooling the processed 

cheese very rapidly, regardless of sugar and salt contents. 

Goyal and Gupta (1987 ) recommended tliat in 

order to preserve ttie textural qualities, and to avoid 

weight loss and oxidation in t..,e processed ctieese, the 

packaging materials should have excellent water vapour and 

gas barrier properties. 

2.2.3.D !!_!crab iological _guali ty: 

2.2.3.1 Different bacterial counts including 

yeasts & m2ulds 

ledabyl (1953) investigated the sources of ea-

infection and chan c es in ttie bacterial f lora of processed 

cheese during processin and sub se quen t storage. According 

0 to him, cooking at 80 C for 10 min caused th e co11l3lete des-

truction of acid and alkali producin g bacteria and moulds, 

but temperatures exceedin g 95° C for 1 0 min were needed for 

destruction of the spore formers. He recommended a 3 per 

c 'erit solution or H2o2 for disinfectin g t h e hands and the 

equip men ts. 

For assessin g t..,e quality of processed 

cheese, the accelerated keeping quality tests at 30°c and 
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0 

3 7 C far 1 4 and 7 da y s resp e c ti v el y as we 11 as · b micro iolo gical 

t 8 s ts we re f o u n d to b e su i tab 1 e ( Me r g 1 , 1 g 6 8 ) • 

Lebert, Brat, Hurmier, Pien and T'1omas (1969) 

discussed in detail t'1e bacteriological analysis of processed 

c'1eese, includinq the tests for processed c'1eese packaged 

in air-tight containers (analysis of gas present, checking 

of air-tightness, examination of inner surfaces of containers). 

Marenzi and Salvadori (1969) studied the 

microflora of stored Italian processed cheese (with added 

nisin). 

Patrica, Pambucol, Rosu and Ionescu (1969) 

analysed bacteriologically 56 samples of processed cheese 

representing 21 varieties. Tlie total bacterial counts ranged 

f re m 3 DO , 0 0 0 to 2 mil 1 ion per g. Bacillus ce reus var. .!!!Y co ides 

was detected in 39 (69. 6 1o ) of t'1 e samples. Ba cillu.§ sub til is 

was detected in 43 (76.B 1a), Stapliylococci (coagulase -v e) ri 

in 25 (44.6 %), dip loco cc i in 3 (5.4 .:t) an d fl.m:Urefacie!:!,2 

in 5 (B.9 %). However, no patliogenic organisms were found 

in the sampl es. 

Ozer (1970) exa mi ne d 175 samples of 31 samples 

0 f 31 processed c'1eese types for bacteriological quality. 

T'1e total bacterial count, yeasts and moul ds, mesophilic 

a erobic spa res and ana er obi c spa res we re reported to be 

2 x 107/g, 53/g, 1300/g and 420/g respectively. 

Mittie, Otenhajmer and Borota (1972) conducted 

a de ta i 1 e d s tu dy 

cheese packed in 

0 f microbiological quality of processed 

tincans (sterilized at 117-119°C). 
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Jantea, Oprisescu, Stancescu, f'blnar and 

Sepetenav (1972) collected 
109 samples of cheeses from a 

point of sale and analysed th " 
em 1 o r th e p res enc e o f f u n g i • 

Eigt,t samples of processed cfieese contained 650 fungi per g. 

Tfie workers also opined tfiat c'1eese was one of t'ie most 

dangerous of animal foods as far as fungal toxins were 

concerned. 

A study on tlie microbiological analysis of 

Bulgarian processed ctieese s'1owed that the total bacterial 

counts in processed cheese stored at 20-2s 0 c increased 

progressively from 900/g on 1st day to 6,800/g on the 30th 

day, while proteolytic microorganisms counts remained 

constant at approximately 500/g. During storage at 4-6°C, 

total and proteolytic microorganisms counts respectively 

decreased from 900 and 600/g ta 400 and 300/g an the 30th 

day (Mladenov, Madzharova, and Draganova, 1972). 

Sozzi (1974) tried 3 types of processed 

ctieese for evaluating 3 methods for quick assessment of the 

bacterioldgical stability of processed cheese, and compared 

ttiem witti traditional method, in w'1ic'1 the samples were 

examined daily for physical changes during incubation for 

up to 3 0 day 8 at 3 7° C • 

Al-Astimay, Mohomed and ivbursy (1977) 

experimentally tested 40 samples of processed ctieese 

t il S k ps i·n Cairo and _, iza. The mean purchased from re a •10 

total bacterial count was ob served to be 287 x . 1 D
3 
/g and 

I The anaerobic bacteria were reported mould count 52 .:t 7 g. 
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to b e p re sen t in l l t ~ 8 
,e samples, while the coliform bacteria 

in 12.S per cent r t~ 
o · 'e s a mp le s • 

Kumar and Brave (1978) studied the effect of 

different levels of nisin on microbiological quality of 

processed ctieese. They observed that ttie addition of 

1 DO RU nisin/g to processed cheese 1Jas sufficient to check 

any significant increase in bacterial counts during storage. 

Aleksieva, Duparinova, Kostova and Mladenova 

(1984) isolated organisms from processed cheese which showed 

blo1.1ing 5 days after production, and identified them to be 

Candida utilis. 

2.2.3.2 Spa re formers 

Guht (1954) noted that processing did not 

destroy all tlie spore formers in cheese, and also the 

spoilage of processed cheese did not depend entirely on the 

spore formers present. 

Demeter ( 1958) suggested measures for controlling 

anaerobic spore formers in natural and processed cheese, and 

outlined methods for tfie detection of butyric acid bacteria 

in cheese. 

Sabad and Boros (1961) observed that t'ie aerobic 

bacilli counts of 200-300/g did not cause spa re farming 

su f ric i en t epo il age in processed cheese• 

Grecz, Wagenaar and Pack ( 1965) studied the 

storage stability or .f.!.Qillidium botulinum toxin and spores 

in processed cheese. 
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Edward, Brave and Prasad (1972) detected 

anaerobic bacilli resemblin g C 
_1.but~ricum in swollen cans 

of processed c'1eese. 

Atwal, Reddy, Chand and Srinivasan (1974) 

analysed the processed cheese samples collected from NORI, 

Karna! and observed that tt-ie mesophilic spore forming 

bacteria in t,e ran ge of 264-568/g were present. 

Pulay (1974) described the factors which 

affect ttie viability of butyric acid bacteria and keeping 

quality of processed ctieese. 

Hobrecht (1975) recommended that in efficiently 

sterilized processed c,eese, the toxinogenic and proteolytic 

clostridia should not be detectable in 1 g and the counts of 

aerobic bacteria should not exceed 100/g. 

Appuswamy and Ranganathan (1981) analysed 

140 samples of processed cfieese procured from various markets 

and dairies of India, and found that ~lostr_!dia were present 

in 66.4 per cent of the samples. The blown cans of ttie 

processed cheese had average clostridial counts of 1000/g 

while the normal cans 500/g. 

G io n i , Va 1 d e z, P e s ca De Ru i z a n d 0 l iv e r 

(1982) isolated and identified several types of anaerobic 

contaminants from the processed cheese manufacturing machine. 

f"rom a study carried out by Aleksieva, Kostova 

and Mladenova (1985 ) on the microbioloqical quality of 

·twas observed that there existed no processed cheese, l 

relationship between microflora and season. 
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Taylor (1986) studied t h e effect of antibotulinal 

ag ents on inhibiting the outgrowth of Cl.botulinium spores 

and subsequent toxin formation in high moisture, pasteurized 

processed cheese spreads. 



CHAPTER - III 

SCOPE ANO PLAN OF WORK 



3 • o. o. 0 

The detailed review of' literature on the packaging 

of different varieties of processed cfieese in general, and 

Precessed Cheddar cheese in particular in t h e preceding 

chapter indicates that tfie presently available information 

on the technology for packa ging of processed cheese, wit h 

special reference to t'1e availability of packaging materials 

in this country, is almost negligible. Havin g bet t er keeping 

q u a 1 i t y , t he p a ck a g i n g r e q u i rem en ts o f p r o c es s e d c r, e es e i n 

comparison to otl-ier dairy products are much more t edious. 

Thou g Ii , th e p r o c e s s e d c '1 e e s e ca n b e s a f e 1 y p a ck a g e d i n 

lacquered tinplate can, the major drawback is its h igh cost. 

Recently, many types of conv enient. flexible plastic co n tai ne rs 

have appeared in Indian market for the packaging of various 

food/dairy products. Tfie v are being used indiscriminately 

for the packa ging of many dairy products without any backing 

of scientific information. These plastic containers can be 

advantageously used for the packagin g of processed ctieese 

provided the packa qing tec'1niques, keepin ci quality, and the 

interaction of ttie product and package under d i f ferent 

conditions of handlin g are studied and standardized. It 

i s in ttiis context, ttie present investigations have been 

t a ken up. 

3 . 1 • o. 0 SCOPE 

The present in vestigation on ttie use of 

i i vis tinplate cans for the f lex ibl e pla stic conta ners v s-a-

p a cka gin q of processed cheese has ttie scope of: 
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3.1.1.0 Studies on ttie keepin g quality of processed 

ctieese when packed in different packages. 

3.1.2.0 Ttie interaction of ttie product and package during 

various stages of storage under preset conditions of 

temperature and tiumidity. 

3.2.0.0 PLA N OF \.JORK 

The plan of work was set as follows. 

On ttie basis of currently available flexible 

containers, and keepin q in view the convenience to the 

consumers and packager, the processed ctieese was planned 

to be packed in ttie following presterilized packages and 

also in tincans to serve as co~arison in tlie storage 

studies as indicated beloY: 

3.2.1.1 Tin cans P 
1 

(Cap : 2 4 0 g ) 

Polystyrene (PS) cup P 
2 

(Cap : 1 S 0 g) 

Low density polyethylene (P OP E) tub - P 
3 

( Cap : 1 S 0 g ) 

The PS cups and LOPE tubs used in ttie study were 

certified to be as food grade by ttie suppliers of the 

containers. 

3.2.2.0 
The samples of processed cheese pack ed as mentioned 

under section 3.2.1.0 yere stored under the following 

conditions 0 f temp ere tu re and humidity• 

Accelerated conditions of storage: 30°C a nd 60 per 

cent relative humidity (RH). 
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3.2.2.2 
Refrigerati on conditions of stora ge: 7-s0 c a nd 

8 0 per cent RH. 

3.2.3.0 
Tl-ie sampl e s of processed c,eese stored as und e r 

section 3.2.2.0 were evaluated at regular intervals of o, ~O , 

20 and 30 days in case of samples kept at 30°C & 60 per cent 

RH, and after O, 30, 60 and 90 da y s for sa mples main t ained 

un der refrigeration conditions ( 7-s 0 c &: 80% RH). 

3.2.4.0 The fresh samples of processed cheese were examined 

for the following ctiaracteristics. 

3.2.4.1 Sensory attributes 
~~~--~~~~~ 

Acceptability of ttie production the basis of 

appearance, body & texture, and aroma & flavour. 

3 .2.4.2 Cfiemical quality 

Percentage of moisture, fat, protein, salt 

ash and soluble nitrogen. Also, t he dete rmination of free 

fatt y aci ds in terms of oleic acid a nd pH were included in 

tl-i e study. 

3.2.4.3 Microbiological quality 

Standard plate count (SPC), yeast & moulds 

( Y&l'I) count. Anaerobic spore formers (ASF) count, as Most 

Probable Number {MPN), was also estimated. 

3 . 2 .S.O In order to assess tti e quality of t ti e product and 

th 8 8 x t 8 n t 0 f d a t er i 0 r a t i o n , t ti e s to r e d s a mp l e s \J e r e s o u g h t 

to be exami ned for the followin g ch a racteristics: 
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3.2.s.1 ~sory attributes ---
As given under section 3.2.4.1. 

3.2.5.2 Chemical quality ------ -
Percentage of rmisture, and solubl e ni t ro gen, 

p H, and free fatty acids ( 1o oleic acid). 

3 .2.5.3 Microbiological quality 

As described under section 3.2.4.3. 

3.2.6.0 Witl-t a view to study the interaction between the 

package and the product with respect to various attributes, 

which affect the quality of the product, the data obtained 

from this experimental uork 1..1as proposed to be analysed 

statistically. 



CHAPTER - IV 

EXPERIMENTAL 



4. o. o. 0 EXPERIMENTAL 

The experimental procedures followed to study the 

various aspects as mentioned in ttie Scope under section 

3.1.0.0 are described in this chapter. The first section 

deals with the selection of packaging materials. The methods 

used for the preparation of processed cheese and its packaging 

have been detailed in ttie second section. The third section 

is concerned witt, tt,e procedures used for sensory evaluation, 

chemical analyses of cheese and microbiological analyses of 

processed ctieese. In ttie last section, the methods and 

techniques followed for statistical analyses of the data 

have been given. 

4. 1 • o. 0 SELECTION OF PACKAGING MATERIALS 

Tinplate cans (P 
1
): 

Tinplate cans used in the package studies 

were obtained from reputed Indian firms. The cans were 

lacquered. The capacit of eacti can was 240 gm. Tl-ie height 

end die of the tincan were respectively 7.80 cm and S.90 cm. 

The polystyrene cups and ttieir lids were 

procured rrom t.,e leading manufacturers of plastics of the 

country. The cups were opaque and white in colour. The 

t d t dia Of t he cups were 7.10 cm and 6.20 cm hei gh an op 

r e sp actively. The thickness of ttie cup sheet was 0.20 mm. 
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4.1.3.0 Low density po!lethylene ~ (P
3
): 

The low density polyethylene tubs and t h eir 

lids were collected from manufacturers of plastic containers 

of the country. The tubs and lids were transluscent. The 

capacity of' eacli tub 1.1as 150 gm, and ttie height and to p d ia 

o f the tub were 3.40 cm and 7.90 cm respectively. Th e 

th i c 1< n e s s o f t Ii e tub sh e e t w a s 0. 6 0 mm. 

Sterilization of ti,e packaging materials: 

Ttie sterilization of the packages was done as 

p er the standard procedure (Gyanendra Kumar and Srinivasan, 

1982). 

4 .1.4.1 Cans and their lids 

Sterilization of tin cans and t heir lids was 

done by first cleaning witti hot detergent solution and 

0 
sterilizing in a hot air oven at 165-170 C for 2 h rs, 

i mmediately before use. 

4.1.4.2 P 1 a s tic containers 

The plastic containers were first cleaned by 

using 'teepol' and they were then chemically sterilized by 

keeping them in chlorine solution (200 ppm) for 3 min. Then 

i d i d Th l. s s t e r i' 1 i z a ti o n o f t '1 e tti e packa ges were a r r e • 

done l'mmedi'ately before use as f a r as possible p a cka gas was 

under aseptic conditions. 

4.2.0.0 JfCH~ES FOLLOWED IN THE PRfEA RATION 

o F PROCESSED CHEESE -
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~aration of E_rocessed cheese: --
Processed cheese was prepared by using medium 

ripened (upto 6 montlia old) Cheddar cheese collected from 

the Experimental Dairy of ttie National Dairy Research 

Institute, Karnal. The raw Cheddar cf-ieese was from crossbred 

cow's milk. The paraffin wax coatings from cheese blocks 

were removed b y using a knife. Represen t ative samples of 

raw clieese used in tlie preparation of each lot of processed 

ctieese were examined for physical quality and chemical 

quality by following standard experimental procedures. 

4.2.2.D Equip men ts: 

4.2.2.1 Double jacketted stainless steel kettle 

Ttie double jacketted ket t le used for tlie 

preparation of processed cheese was made of stainl ess steel. 

It was open, stiallow and round-bottomed, and was fitted to 

iron bars. The specifications of the kettle were: 

Top diameter 

Depth at center 

Total product handling 
capacity 

65 cm 

45 cm 

s 0 kg 

The kettle was connected with steam inlet 

a nd outlet and was designed to withstand steam pressures 

2 
u p to 2 • 0 kg/cm • 

4. 2 .2.2 Ladle: --
It wa s a wood e n l a dl e wi t h flattened 

- es cm, and width of the 
wei g ht - o.ao k g, length 

f l a t tened en d - 17 cm. 

end: 



CHEDDAR CHEESE 

I 
ME DIUM RIPENED 

( 6 Months old } 

REMOVAL OF PARAFFIN WAX COATING 
I 

TESTING FOR .CHEMICAL ATTRIBUTES 
I 

QUARTERING 
I 

GRINDING 
I 

PROCESS! NG 

( Add i ti on o t water, salt and emu Is i tier to ob ta i n L. 5 °/o 

moisture, 2°/osolt &2°/oemulsitier 

( disodium phosphate+ trisodium 

citrate in 1: 1 ratio) in final 

product. 

Heating the cheese moss to 70°C tor 10-15 min . ) 

I 
PA C KA G I N G Ti n cans { c a p. 2 L. 0 g ) , 

COOLING TO 2 0 °C 
I 

STORAGE 

PS cups (cop . 150 g) and 

LOPE tubs {cap.150g) 

( i ) 3 0 ° C & 6 0 °/o R H and 

(ii ) 7 - 8 ° C &. 8 0 °/o R H · 

FIG .1: FLOW OF PROCESSED CHEESE INGREDIENTS FROM 

RECEIVING THROUGH PACKAGING AND STORAGE 
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4.2.3.0 .!~~ni_gues o f manufactu. 
---- - r1n~ processed 

cheese and · t - ~ s packaging: ---
In the Present study, the methods suggested 

by Kosikowski (1 98 ) 
2 were followed for the preparation of 

processed cheese. Medium ri d Ch pene eddar cheese blocks as 
described under secti 4 2 0 on • .1. were taken. The cheese 

blocks were analysed for fat, . t 
nn1s ure and salt contents for 

computing t'1e amount of salt, water and emulsifier to be 

ad de d to ob ta i n th e f i n is '1 e d P r o c e s s e d c'1eese of required 

composition. The cleaned cheese blocks were precut with 

the help of a clean knife. Then the small pieces of Ctieddar 

cfieese were ground by i'ntroduc1'ng ti... · t •1em in o a grinder w'1ich 

was manually operated. 

Immediately before processing, the jacketted 

kettle and wooden ladle were first thoroughly cleaned by 

using 'Teepol'. Then, approximately 10 kg of ground Cheddar 

cheese were transferred to t h e kettle. The calculated 

amounts of salt (to get 2 ~ salt in the final product) and 

2 per cent emulsifier (disodium pfiosphate and trisodium 

citrate in 1 :1 ratio) were dissolved in tfie computed amount 

of cold, clean water. Tl-tis solution wa s added to the ground 

cheese in ttie kettle. Steam was turned on to the jacket 

at a pressure of 1.5 kg/cm
2

• Tl-ta mass was stirred continuo-

u s ly a t 8 spee d of about 50-60 k q circular motions per 

minu t e by the flattened end of the ladle in order to get 

8 srrooth p r oduct. When t'1e ch eese mass b e came velvety, 

0 
smoo th and at ta ined tlie temperature of 70 C, the processed 

c h eese was directly transferred (fill ed) in 3 types of 
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P re- s t e r i 1 i z ed P a ck 
a ges , name l y tincans , PS cups a nd LOPE 

tu bs. Immediately after 
fillin C'l , th e pl a stic containers 

were covered witt, their res P e c ti v e 1 id s , w h i ch in tu r n w e r e 

f u r th e r s e a 1 e d by u s i n cellota p e (width 2.5 cm). The 

me tal cans were sealed by usin elec t rically operated can 

se amer. Th e se aled packa qes af t e r abo ut o n e hour were th e n 

s to r e d u n d r tw d · f f 0 l e rent conditio ns , viz. 30°c & 60 per 

cent RH, an d 7-e 0 c ' 80 a: per cent RH. 

4.3.0.0 

4.3.1.0 

_tl~TE R IALS AND~ETHODS USE D I N THE EVALUATION 
~------~·~~~-

OF PROCESSED C H EESE~ NAL Y SIS OF CHEDDAR 

CHEESE, CHEMICAL AND MICROBI OLO GICAL ANALYSES 

0 F PROCESSED CHEESE 
-~------~-----__;; 

Sensory~luation of processed cheese: 

The samples of processed cheese stored (as 

g iven under section 3.2.2.1 and 3.2.2.2) in the 3 different 

ty pes of packages were evaluated org a noleptically b y a 

pa n el o f 5 ju dg es for appeara nce , bo dy & t e xture, and aroma 

an d fl a v our. 

The packa oed sampl e s of processed cheese 

stored at 30°C & 60 per cent RH were examined for sensory 

a ttributes a fter an interval of O, 10, 2 0 and 30 da y s, while 

the samples stored at 7-s 0 c & 80 p e r cent RH were evaluated 

a ft e r a n i n te rv a l of O, 30, 60 and 9 0 da y s. 

The s t ored te s t s a mp l e s we re temp e re d at 

o soc ( s o°F-60°F) for 3 hrs b e f o re they we re presented 
1 0 c - 1s . 

t h j ud ge Th e p rodu c t was evaluated 
u nde r co de numbe rs o ea c • 

i Nume rica l Scor e Ca r d (A ppendix XXI). 
y t he ju d es by us n 
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4.3.2.0 Ch~mic~l analyses of Cheddar and 

£ ro c es s e d ch e es e : 

In t'1e present investigations, all the chemicals 

used were of analytical grade. Glass double distilled water 

was used throughout the analysis. This section includes 

the sampling procedures adopted, and the determination of 

moisture, fat and salt in case of Cheddar cheese; and moistu re, 

fat, protein, salt, ash, fat degradation in terms of free 

fatty acids, protein breakdown, i.e. soluble nitrogen, and 

pH in respect of processed cheese. 

4.3.2.1 Techniques of sampling: 

The sampling of t'1e test samples was done in 

accordance wit'1 the procedures recommended by !SI: IS: 2785 

(1964). T'1e samples were prepared for chemical analysis by 

passing them quickly througti a stainless steel grater. The 

grated cheese sample was then grinded in a mortar and the 

same was then transferred to a sterilized sample bottle. 

The anal ysis was performed without delay. 

4.3.2.2 Determination of moisture 

The moisture content in Cheddar/processed 

cheese was estimated gravimetrically by following the 

procedure described for hard cheese and processed cheese 

in ISI standard, IS: 2785 (1964). 

4.3.2.3 Determination of fat 

Milk fat in Cheddar/processed che ese was 

determined by adaptinq the procedure as described by Indi a n 

Standard Inst i tu tic n (IS: 2 785 -19 6 4) • 
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Accurately 1.0 to 1 .s g of the prepared 

sample was wei h d i 
9 e nto the Mojonnier extraction tube. 10 ml 

of hydroctiloric acid (Sp.gr. 1.125) was added and boiled 

gently (with shaking) in a boil in n water bath, until all 

solid particles dissolved. Then tlie tube was cooled in 

running tap water. 1 a 1 f t ( 1 m o e '1yl alcohol 95 to 96 ;'0 by 

volume) was added and thorou .J lily mixed. 25 ml of ether 

(density - D.720 
' peroxide free) was added and t,e tube was 

closed with cork and vigorously sliaken for one minute. 

Th en' 2 5 ml o f l i o Ii t p et ro l eu m ( b o i l in g ran g e 4 0- 6 o° C ) g as 

added and sliaken vigorously for 30 seconds and centrifuged 

a t ab o u t 1 0 0 0 rp m f o r 3 0 s e co n d s a n d t, e sup e r n a ten t l a y e r 

was transferred to a Mojonnier fat dist-i. The extraction of 

the residue was repeated by using 5 ml of ethyl alcohol, 

15 ml of ether and 15 ml of liqlit petroleum. Tlie final 

extraction was done uitli 15 ml eact-i of ether and light 

petroleum and the fat layer was transferred to t,e fat dis'1. 

Tlie solvents from tlie Mojonnier fat dis'1 were evaporated by 

keeping the dist, on hot plate at 135°C (275°F) for one hour. 

Precautions were taken to remove all traces of the volatile 

solvent. The dish was then cooled in a dessicator ctiarged 

with an efficient dessicant (silica gel). The fat dis Ii 

was then 1.1eighed accurately. The heating was repeated for 

periods of 30 min, until ttie 1.1eight no longer decreased. 

· d by usinq the following formula: The rat was determine 

Per cent fat --weigtit of fat extracted x 1 00 
weight of sample 
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4.3.2.4 Salt --
Salt content in Cheddar/processed cheese uas 

determined as per ti, 
e rollauing method recommended by ISI 

IS: 2 785 ( 1 96 4). 

About 2 g sample of tfie Cheddar/processed 

cheese was accurately weighed in a 300 ml flask. 10 ml or 

distilled water and 25 ml of 0.05 N standard silver nitrate 

solution were added to tlie sample. The con t ents of ttie flask 

were heated ta 75° ta B0°C to facilitate the dispersion of 

the ctieese with vigorous swirl in • Then 10 ml of concentrated 

n i t r i c a c i d w e re a d d e d a n d t ti e co n ten ts o f th e f 1 a s k w er e 

bo iled qently until the curd digested. The finishing stage 

was detected when tlie silver cl-iloride became granular, the 

liquid turned ta clear broun yellow coldlur, and the fat 

layer became free from solid material. Then, ta t.,e contents 

o f the f 1 as k 2 ml o f i ra n a 1 um s a 1 u ti o n a n d a pp ro xi ma t e 1 y 

50 ml of distilled water were added. Ttie excess silver nitrate 

was determined by titration with O.OS N potassium thiocyanate 

solution until the first appearance of an orange tint which 

persisted for 15 seconds. The equivalent of 25 ml of silver 

nitrate solutions as thiocyanate was determined in the same 

manner, usin q the same volumes of reagents and water. 

The salt con tent or the Ct,edde r/p ro ceased 

cheese samples was calculated by employing the folloYing 

forrm.Jlat 

Salt (percent by weight) 
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where, 

= Volume in ml f t 0 s andard potassium thiocyanate 
equivalent to 25 ml of silver nitrate 

= volume i 1 
n m of potassium thiocyanate used 

in the t · t 1 ration of excess silver nitrate, and 

lJ = weig'1t in g of clieese taken for test 

4.3.2.5 E~termination of total protein 

Nitrogen in processed ci...ees e was ' ' estimated by 

Kjelda'1l met'1od as described in AOAC (1975 ) and ttie percentage 

protein was calculated by usi'n g f 11 . o owing formula: 

Per cent protein = t per cen Nitrogen x 6.38 

4.3.2.6 Determination of total ash 

Total ash content in processed cheese was 

determined as per the mettiod prescribed by 151 SP:1B (Part 1-

1 gs o) • 

Accurately about 3 g of the processed cheese 

sample was taken in a dried and weighed silica dish. The 

dish was first gently hea tad av er a flame and then heated 

strongly in a mu ff le furnace at 5 5 0 .± 2 0° C , ti 11 grey ash 

resulted. The dish was cooled in a dessicator and then 

weighed. The dish was again heated at 550 + 20°C for 30 min. 

It was then cooled in a dessicator and weighed. The process 

of heating for 30 min, coolino and weighin was repeated 

many time s until tie difference between two successive 

weighings was less than one milligram. 

To tal a sh, per c nt by weight = 
1 o ( w

2 
- w) 

w :-w-
1 
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where, 

w2 = weight in g of the dis'1 with the ash 
w = weigtit in g of tti e empty dish 
w1 = weight in of g tl-ie dist, witr, t'1e material 

taken for the test 

4.3.2.7 Fat breakdown 

Th 8 fa t b re a k do w n i n p r o c e s s e d ch e e s e w a s 

determined by estimating free fatty acids ( FFA) ( % oleic acid) 

a ccording to tl-i e procedure evolved by Thomas, Harper and 

Gould (195 4 ). 

Two grams of cheese were weighed accurately, 

g round and transferred (using hot distilled water) into 

Mojonnier extraction flask. Then 10 ml of ethyl alcol-iol 

(95 1 ) were added to tl-ie extraction flask. The contents were 

c ooled and sliaken vigorously for 2 min. Subsequently, 2 0 ml 

of ettiyl ether and 30 ml of petroleum ether (40°-60°c B.P) 

were added and t he flask was shaken vigorously after addition 

of each solvent. The contents were t h en centrifuged for 

5 minutes and ether extract was transferred into a clean 

25 O ml conical flask. To ttiis was added one gm of anhydrous 

sodium sulphate followed by thorough shakin q . Tl-te extract 

wa s decanted into another clean and dry 25 0 ml conical flask 

a nd wa s titrated wi tl-t standard N/1 DO alcoholic sodium 

hydroxide solution using ptienolphthal e in (0.5 as indicator. 

Tti e F FA v a lu e was calculated as percentage oleic acid in 

chess e. 

FFA ( o l e ic a ci d ) = 
v x 0.282 

w 



wfiere, 

4.3.2.8 

v = 

\J = 
ml of o.01 Nale . NaOH used 

weight of ttie sample 

~luble nitrogen 
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The soluble nitrogen in processed cheese was 

found out by tlie standard method (Kosikowski, 1982). About 

3 g of cheese sample was accurately wei gh ed and transferred 

to a mortar and a small amount of Sharp's extraction 

solution (57.S ml glacial acetic acid, 131.6 g sodium acetate, 

47.0 g sodium chloride, 1 lit distilled water) (tempered at 

5D°C) was added. Tlie contents were ground into a paste. 

Additional solution was added to make a dilute suspension 

and tlie contents were quantitatively transferred to a 1 DO ml 

volumetric flask and Ple volume was made up to the mark. 

The suspension was incubated at so0 c in a thermostaticall y 

controlled water bath for 1 1-ir witl-i o c casional shaking and 

f i l t e re d th ro u g h \J ha t ma n No • 4 2 f i 1 t e r pa p e r • T w en t y f iv e 

ml portion of filtrate was transferred to a 300 ml kjeldahl 

flask for digestion. Tl-ie digested material was distilled 

and tt-ie distillate was collected in 25 ml boric acid 

solution. A blank was carried out sirrultaneously. The 

sa mpl e and blank distillates were titrated a ga inst 0.02 N 

HCl using o.s ml of mixed ind ica tor. The soluble N in 

sample wa 9 co mp u t e d b Y using the following formula: 
c i, ee se 

Per c e nt soluble N = o. 03 73 (V - B) 

v ::: ml of o. 02 N HCl used for sample 

8 ml of o. 02 N HCl used for blank 
= 
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4.3.2.9 pH -
Ttie pH of processed ctieese was determined as 

per ttie following procedure: 

10 gm of shredded processed cheese was taken 

and 1 a ml 0 f distilled water was added to it to make a paste 

in 8 small beaker, and tlie pH was directly noted by using 

a glass electrode pH meter ( Tostiniwal-IVOller). 

4 .3.3.0 

For t'1e microbiological analysis of processed 

cheese, the samplin g and ttie preparation of dilution blanks 

were carried out as per the metfiods described in Laboratory 

Manual ( 1959). 

4.3.3.1 Preparation of dilution blank 

The dilution blank consisted of 2 per cent 

sodium citrate solution in 99 ml and 9 ml portions in screw 

capped dilution bottles and culture tubes respectively. 

They were autoclaved at 121°c for 20 min. The dilution 

blanks were warmed to 45°C before use for preparation of 

samples. 

4.3.3.2 Sampling of cheese - -
1.Jith sterile ctieese trier, 2 to 3 plugs of 

2 incfi size were removed from the processed cheese samples 

a nd 1 ;2 incfi portion from ttie surface was discarded by 

cutting with a sterile knif'e. 
The remaining part of the 

t into small pieces and 11 g of cheese was 
pluq was cu 

a s ep ti ca 11 y w e i g h e d a n d trans fer red ta a mo rt a r • To th i s' 
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about 5 g of s te . l r1 e sand 
was ad d ed an d t he sa mple was 

Tliiis was then transferred 
.tf-io roughly mixed. 

to a bottle 
containing 9 9 ml o f d i l u ti o n b l k 

an• Further dilutions were 
ma de with 9 ml dilution blanks in cul tu re tub es. 

4.3.3.3 

SPC in processed cheese was determined by using 

tryptone dextrose yeast extract a gar (TD YA ) med iu m of tlie 

f ollowing compos · t · (Lb 
l. ion a oratory r~anual, 1 959). 

Tryp tone 0. 5 0% 

Yeast extract o. 25 fo 

Dextrose 1. 1 0% 

Agar-a gar 1 .5 0% 

pH 7.0 

The tryptone and yeast extract were dissolved 

in 1.1arm distilled water. Tt,e mixture was boiled for 10 min. 

It was then filtered through ordinary filter paper. To this, 

required quantity of agar powder was ad d e d and the mixture 

boil e d, filtered throu g '1 muslin clotli, which was lined 

witti absorbent cotton soa k ed in wa t er. Subsequently, the 

dextrose wa s added and the volume was made up by using warm 

d i stilled water and the pH was ctiecked. The medium (150 ml 

e a ch) was filled in eacti of the 250 ml capacity conical 

flask. Tti e fla s k s were fit ted ti ghtly with cotton plugs a nd 

steril ized b y a utoclavinq at 15 psi (121° C) for 15- 2 0 min. 

Ap propr ia t e dilutions o f tti e samples were plated using TOYA 

We re l· ncub a ted at 37 + 1°c for 48 hrs. 
med ium and th e p l a t e s 
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The colonies 
were coun t ed a ccor di nq to 

a s su ggested b A 
y merican Public Healt'1 

the standard procedur es 

As sociation (APHA, 1g6 7) • 

4 .3.3.4 ~asts an~~~~s (Y&M) counts -----------
The Yeas ts d 

an moul ds coun t in processed cheese 

was determined by usin g po t ato-dextrose agar (PDA) medium 

a s per the procedure detailed in I S : 5403 (1969). 

a) 

b) 

Composition of PDA· -----· 
2 O 0 9 o f Po ta to i n fu s i 0 n 

Dextrose 

A gar 

Distilled water 

pH 

1 litre of water 

2 0 g 

15 g 

1 litre 

3 .5 

The medium was sterilized by autoclaving at a 

pressure of 15 psi for 15 minutes. The pH of the medium 

was then adjusted to 3.5 at the time of pouring the plates, 

by using 10 per cent sterile tartaric acid. 

c) The further dilutions, when required were made 

from 1 :10 dilution of the suspension of the sample and tti e 

pla tes were prepared in duplicates, and incubated at 22°c 

fo r 3 to 5 days. The coloni es of yeasts a n d rooulds were 

co unted as per tf-ie stan da rd method (A PHA , 1967). 

4 . 3 .3.5 ~~erobic spore f'~~ 

Anaerobic spore formers count in processed 

cheese was determined by usinq Differenti a l Re inforced 

Clos t r i dia l Medi um ( DRCl"l ) as recommended by Freams and 

Fitzp at rich (195 6) . 
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a) Co mp s · t · 0 1 io n a nd pre para ti on o f R M 

The basal tred ium co n tai ne d 

lemco - 1Dg· hyd t d 
p e p to n e - 1 0 g ; l ab 

' r a e so d i u m a c e ta t 8 -5 g ; y east extract -
1 • s g; soluble starct, - 1 • 1 g , g ucose - 1 g ; L-cy s t ei n e HCl 
o. s g ; 

d i st i 11 e d w a t er - 1 0 0 0 ml ; p H 7. 1 - 7 • 2 • To p rep a r a 

t lie basal medium pept l b ' one, a lsmco , s o d ium aceta t e , e nd 

y east extrac t were ad de d to 800 ml distill ed water. A 

s tarcfi solution was prepared i n tli e o t h e r 2 00 ml of water 

b y makin g a cold paste i n a l it t le u a t er b o il i n ~ t h e re st 

a n d t hen stirring it into the pa s t e. Th e solutions were 

mixed and steamed fo r 3 0 min to dissol ve the i ng re d ien t s. 

After steamin g , tlie glucose a n d cysteine HCl were add ed a nd 

ttie pH was adjusted to 7.1-7.2 1Jith 10N Na OH. The me d ium 

was then riltered, uhile still hot in t o screw capped tubes 

w h i c '1 w e re t he n s t e r i 1 i z e d by au to c 1 a v i n g ( 1 2 1 ° C / 15 mi n ) • 

Immediately before use, sodium sulphite and ferric ci t rat e 

w e re a d d e d to g i v e f in a l co n c en tr a ti o n s o f 0 • 0 4 p e r c en t 

and D.07 per cent (W/ V) (anhydrous salts) res p ectively. 

The sodium sulphite (anhydrous) was prepared a s a 4 p er cent 

(\J/V) solution and the ferric ci t rate (scales) as a 7 p er 

cent (W/V) solution. The ferric citra t e was heated f or 

about 5 min, so that it dissolved completely. 

0 
solutions were sterilized and stored a t 3-5 C. 

Bo t h 

On t h e day 

of ORCM ra.qui r emen t , the basal me dium was steamed and 

d 1 Olume s of sodium sulp h it e a nd f erric citra te ca o 1 e ; e qu a v 

were mi xe d togeth e r a nd 0. 5 ml o f the mixtu r e ad d e d 

a s e ptically to each 25 ml of DR CM. 
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b) En~~~£§SiQD_Q..f clo s tri d i a from -----
£jocessed cheese -----

Teng of processed ct-ieese was macerated in 

sufficient D.1 per cent peptone water to give a 0.2 or 0.1 

(LJ /V) dilution of tl-ie food. Decima l dilutions of t he 

ma cerate were prepared in tf.ie same dilu ent and 1 ml o f the 

original macerate and tl-ie next two de c ima l dilutions were 

t r a nsferred to tl-ie tubes containin 9 DR CM. Th r e e tubes with 

e a c '1 d i lution (Taylor, 1962) were inocula t e d . The tubes 

w e r e obs er v e d f o r b 1 a ck en in g o f th e med iu m , a f t er in cub a t ia n 

of the tubes at 37°C for 48-72 hours, a nd th e results were 

r e ported in mo st prob ab le number (MP N) counts. 

4.4.0.D PROCEDURES FOLLOWED FO R THE STATISTill_!: -----
ANALYSES OF THE DATA 

The data obtained durin g p resent investigatio ns 

we re subjected to statistical ana l yses by following t h e 

d 1... i as sugg este d by Sn ed ecor and me th ods an tee· in qu es 

Co c h ran (1967). 
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RESULTS ANO DISCUSSION 



s.o.o.o 

The results obtained durin q the present investigations 

on the quality of processed cheese, chan ges in sensory, 

chemical and microbiological qualities of the packaged 

product when fresh and after different intervals of storage, 

and t'1e possible interactions between packa ~e and product 

during storage are presented in Tables 1 to 12 and Appendices 

I to XX. In ttie body of tlie text, the Figures (graphs) for 

such c'1ang es in tlie values at tlie beginin g and at the end 

of the storage periods are included and discussed. To 

facilitate the discussion, tf-ie Tables concerning the statis­

tical analyses of tf-ie data are also included in the body 

of the text. 

s.1.0.0 CHEMICAL ANO MICRO BIOLO GICAL CHARAC TERISTICS - -----
Q. F FR E SH Ly MA NU A C TU RE .Q_ P R 0 C ES 5 E .Q_ CHE E 5 E U SE D 

FOR THE PACKA GE AND STORAGE Sn.JDIES ---·-------

s.1.1.0 The metf-iods of prepara t ion of processed cheese 

used in the experiments have bee n delineated in section 

4.2.0.0. 

The data on the moisture, fat, protein, salt, ash, 

t a cids, soluble nitrogen and pH of 
8 mu l s i r i e r, f re e fa t Y 

manufactured in the laboratory fresh processed cheese 
are 

p r es e n t ad i n Tab 1 e 1 • 
The containers used for the package 

Stu dies are shown in Plate 1. a n d s ora ge 
The microbiological 

qual i t y of the fres 
i t of standard h proce s sed che es e n arms 
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Table 1.: Ch · 

em1cal qua! i ty of 
before packaging. processed cheese 

S.No. ---------Constituent ·------------~ 
~~----------------------- Maximum Minimum Average* 

----------------~~~~~--~--~ 

--------
1 • 

3. 

4. 

5 • 

6. 

7. 

s. 

9. 

Moisture ( %) 

Fat (%, on dry matter 
basis) 

Protein (%) 

Salt {.~) 

Ash ( %) 

Emulsifier ( %) 

Free fatty acids 
( % oleic acid) 

Soluble nitrogen ( %) 

pH 

* Mean of three trials 

43 .s 4 

5 2. 08 

2 0.12 

2.16 

3.60 

2.00 

o. 084 

1 .693 

5. 62 

4~. 78 

51 .86 

18.63 

2. 04 

3.46 

2. DO 

o. 082 

1. 489 

5.56 

43 .15 

51. 97 

19. 3 7 

2·1 0 

3 .s 7 

2.00 

o. 083 

1. 5 83 

s.sg 

plate count, yeasts & moulds, and anaerobic spore formers is 

g iven in Table 2. 

Table 2: Microbiological quality of processed 
cheese before packaging. 

~~----~~~~~~~~·~~----~~------~~~~--~~~--

s. No. Type of microorganisms 

----
1 • Sta n d a rd p 1 a t e count 

2 • Yeasts and rmulds 

3. A n a ere b i c s po re formers 
(MP N/100 g) 

* Me a n o f t hr ee trials 

Ma xi mum 

720 

13 

9.1 

C ou nts/g 

Minimum 

580 

6 

3.6 

Average* 

65 0 

9 

6. 63 
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Table 1 t 
on he ctiemical quality of freshly 

ma nu fa c tu re d p r 0 c e s s e d ti 
c eese in dicates t hat the rroisture 

content(%) varied from 43.54 
to 42.78 witfr an average of 

Th is s 1 i g h t di f f e re n c e i· n th e moisture content may 
b e du e to t fr e di ff e re n c e in th 

e extent of heating (which 

is practically unavoidable) during manufacture of processed 

cl--iees e. 

The average figure for moisture content in Turkish 

processed cheese was reported to be 46.77 per cent (Ozer, 

1970), while the mean values for processed Cheddar cheese 

were observed to be 42.40, 42.80 and 42.90 per cent by 

Tewari and Chakraborty ( 1986). 

Ttie fat content (on dry matter basis) in fresh 

processed cheese samples ranged from 52.08 to 51.86 per cent 

with an average of 51.97 per cent. All these values were 

much above the legal minimum requirement of 40 per cent 

for the fat content in processed cheese, prescribed by the 

PFA (1959). 

s.1.1.3 The values for protein content (;~) of freshly 

manufactured processed cheese used in the packaging studies 

v a ried from 20.10 to 18.63, averaging 19.37. 

content 

In Turkish processed cheese, the average protein 

was reported to be as 21. 75 per cent (Ozer, 1970). 

The maximum and minimum figures for salt content 

04 P
er cent respectively in the fresh 

were 2.16 and 2. 

l as with an average of 2.10 per cent 
proce s sed cheese s amp ' 

(T abl e 1). 
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The Values for as h 
con t ent ( %) i n the samples of 

processed cl-ieese used in the 
packa ge studies averaged 3.57, 

with a maximum of 3.60 and a minimum 6 
of 3 .4 • 

s.1.1.6 
[ xcep t to indicate that t ~ e emu 1 sifi er content in 

t h e Precessed c~eese samp 1 es was 2 p e r cent, there is no thing 
specific to mention he re. 

s.1.1.? 
Th e initial ma x imu m an d min imum v a lues for the 

f at ty acids (FFA), in terms of % oleic aci d , in processed 

c l-i e ese samples were very nearly t he same, b eing D.084 and 

0 . 082 respectively with an average of D.083. 

s.1.1.s 
The soluble nitrogen contents ( %) in the fres hly 

prep ared processed cheese used in the present studies on 

packaging averaged 1.583. Ttie maximum and minimum values for 

s o luble nitrogen were observed to be 1.693 and 1.489 per cent , 

r e sp ec ti val y. 

s .1.1.9 
The pH of the frestily manu factured processed c heese 

s a mp les varied from 5 .62 to 5.56 with an a verage of 5 .5 9 . 

s .1.1.10 The above values indica te that the samples of 

processed cheese used for ttie packa ging s tudies conformed to 

t he s t a nda r ds laid down by the ISI (1964) and PFA (1976) • 

the trial s, ttiere were little differences in However, a mong 

the valu es a nd t hi s is inherent in th e method of preparation 

o f the pr oduct. 

Discussion of results on the microbioloJ1!£!! --·--s .1.2.0 

~uality of process ed c h~es e : 

Th e da ta pertaining to the microbiological 

r re •h s a mples of processed chee s e in terms of quality o f .,, 



s 

standard plate count (SPC), yeast and moul ds ( Y&M) , and 

anaerobic spore formers (ASF) are 
pres ented in Table 2 . 

s.1.2.1 
The standard plate counts of fr es'1l y p repared 

processed cheese were observed to ra n ge f rom 580 to 720 witti 

a n average of 650 per g; while tfie yeasts&: moulds cou nts 

varied from 6 to 13 per g (avera ge 9/g). The ma ximu m value 

for anaerobic spore formers (MP N/100 g) stood a t 9.1, wtii l e 

ttie minimum at 3.6 with an avera ge Value o f 6.6. T'1 e 

results confirm tfie observations of Guht (195 4) that the 

p rocessing of cheese did not destroy all the spore formers 

in cheese. 

The above values in general are in harmony with the 

findings of earlier workers (Kalra et!!..!·, 1973; Appuswamy 

and Banganathan, 1981). The total counts in the fresh 

samples of Bulgarian processed cheese have been reported to 

be as 900/g (Mladenov .§.! _tl., 1972). 

s.2.0.0 CHANGES IN [NALITY OF PROCESSED CHEESE STORED - -
I N DI FFERENT PACKA GES UND ER DIFFERE NT 

TEMPERATURE AN D HUMIDITY CONDITIO NS - --·------
The samples of fres hly prepared processed c h eese 

i n the laboratory were examined for their degree of deterioration 

du ring storage, when packed in tfie selected packages, viz. 

ti ncan (p
1
), Polystyrene cup (P 2), and low density polyethylene 

Stored under the preset conditions of temperature tub (P 3 ) and 

and humidity. Parame ters stud i ed in the evaluation s The various 

d te rioration in different samples packed of the degree of e 

t d under different conditions a re 
di Ft' erent packages 8 ore 

in 
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KEY TO THE CURVES 

p
1 

-TIN CAN {CAPACITY 240 g) 

p
2 

-POLYSTYRENE CUP (CAPACITY 150g) 

p
3 

- LOW DENSITY POLYETHYLENE TUB 

(CAPACITY 150g) 
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7-8°C & 80 per cant RH. 
The experiments showed that the 

figures for a 
ppearance in case of all the samples stored 

under the two conditions ranged from good to fair (Appendices 

I and II)' revealing t'-
·•at tlie processed cheese samples with 

regard to appearance were acceptable in all the 3 types of 

packages upto 30 and 90 da y s respectiVely at 3D°C & 60 per 

cent RH, and 7-8°C &: 80 per cent RH. 

The statistical analysirn of tlie data (Table 3) 

showed tliat tlie variations in tlie scores for appearance 

due to different trials were significant (P < 0.01) only in 

th e c a s e o f 1 o we r t em p er a tu re s to r a g e ca n d i ti o n s • Th e 

differences due ta the intervals of storage, t'ie types of 

packages, and the various ju.dges, each individually, 

contributed significantly (P ( 0.01) towards the changes 

in appearance under botli tlie conditions of storage. Also, 

tlie interaction intervals x packages was significant (P < D.CE). 

However, the interactions judges x intervals; judges x packages; 

and intervals x packages x judges were found to be not 

significant under any of ttie two studied storage conditions. 

s .2.1.2 Body & texture 

The numerical scores assi gne d far body & texture 

to tlie processed clieese samples stored in different packages 

a t 3 o0 c & 60 

presented in 

Analysis of 

we r e max imum 

per cent RH and 7-B°C & 80 per cent RH are 

App en dices I I I and I V, and Fi gures 2 and 3. 

variance of tli e de ta is recorded in Table 4. 

Fi gure 2 and Appendix III s.., a w t lia t t'ie scares 

(me an 30.9) for ttiepraduct pack ed in p1' followed 



Tebl.e 3: Analysis of variance of sensory scores for appearance of 
proce~sed cheese stored in different types of packages 
at 3!JC &: 60 per cent RH and 7-8°C & 80 per cent RH. 

--
Sources of variation d. f. 3a°C & 60% RH 7. 8 o C & 8 0 ;t RH 

MSS F. value MSS F.value 
---

Among trials 2 1.1722222 1.29286526 11 . 8222221 15. 5 5 4 013 4 ** 

Among intervals 
of storage 3 35.2666666 38. 89625 04** 26.7018517 3 5 • 1 3 OS 3 2 7** 

Among packages 2 10.4222222 11.4948591** 10.8388888 14. 2602821** 

A mo n g ju d g es 4 6.98611105 7 • 7 OS 1 09 4 1 ** 3.3555555 4.41476694** 

I n t er a c t lo n 
intervals x packa g es 6 1. 9 7777773 2.18132716* 1.35740745 1. 78588539* 

Interaction 
intervals x judges 12 1.99351846 2.19868791 1.155 55554 1. 5 2 031 71 0 

Interaction 
packa qes x judges 8 0.1861111 0 • 2 05 2 6 5 3 2 9 o. 443 05553 7 o. 58291 0025 

Interaction 
intervals x packages x 0 • 1 8 09 03 1 0 7 
judges 24 o. 732407429 o. 8 07785524 0.137499 9 1 

Error t18 o. 9 06685 5 08 0 • 7 6 0 0 75 3 4 2 

------ --
** Significant at 1 % level of significance. 

*Significant at 5 % level of significance. 

Ul 
,c,. 



Table 4: Analysis oF vari a nce of sensory scores for body & texture of 
processed cheese stored in differ e nt types of p acka g es at 
3 o° C & 6 0 p er c en t RH a n d 7- 8 ° C & 8 0 p er c en t RH • 

· -------------------~----~-------~--~-------------------·---------·--~------------------~~- · 
Sources of variation d. f. 3 o0 c & 6 0 ~ RH 7-8° C & 8 D~ RH 

MSS 

---~----~--~----------------------~---------------------~------~-

Amon g trials 2 

A mon o i nte rvals 
of s t orage 3 

Amon g packa g es 2 

A mo n g judges 4 

I nt e r action 
i nterval s x packa g es 6 

Interaction 
intervals x judges 12 

Interaction 
packages x j ud g es 8 

I n te ra ct ion in te rvals 
x packa gee x judges 24 

Error 118 

----·----·--·-

46.422222 

236.133332 

5 2. 40555 5 

15 6.991666 

7.7611111 

32.2953702 

2.57916687 

o. 77731475 

6.07193980 

F.value 

7. 6453 6927** 

38.8892743** 

8. 63 077643** 

25 .8552738** 

1.27819300 

5 .318 78959** 

0.424768189 

D.1 28 01 7532 

* *Significan t at 1 ~ level of significance. 

MSS F.value 

38.4848888 1 o. 7532852** 

211. 029680 58. 958 66 70** 

65.622222 18.3338940** 

49.963888 13. 95 918 3 O** 

8.49629678 2. 3 73 74152 

1o.163888 4 • 5 1 5 95 5 8 O** 

1.2472228 0.348455818 

o. 713 888 788 0. 19 9 45 011 7 

3.57928440 

-----

(J1 

p. 
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by p (mean 30 o) d p ( 
3 • ' an 2 mean 28.3), after 30 days of 

storage at 30oC &: 60 per cent RH. 
It is evident from Figure 3 

that ttie tincan (P 1 ) scored hi gfiest (mean O ) 3 • 3 and the P 
2 

lowest (mean 28.3), wh 1·1e t'-e p ., 3 obtained an intermediary 

mean score of 29.7 after 90 days f o storage under ttie 

refrigeration cond1· t1·ons. Th· t is rend of the 3 types of 

packages towards the cfianqes 1·n b , sensory scores for ody o: 

texture was roost likely due to different water vapour 

permeabilities of the plastic containers. P
2 

being made of 

PS in all the possibilities might have permitted the escape 

of more moisture as compared to p
3 

(Appendices VII and VIII), 

which was made of LOPE (Kumar et al., 1976; Kumar and 

Srinivasan, 1983b). This most likely resulted in mini!Tl.lm 

s cores for body & texture in ca se of the product packed in P2 , 

followed by P3 and P
1 

(tincan being impermeable to moisture 

v ap our) in descending order. The r e sults are in agreement 

witl-i the findings of Olotex ~al. (1971) who also reported 

lower scores for ttie samples of processed cl-ieese packed in 

plastic containers having more 1a1ater vapour permeabilities. 

The analysis of vari an ce of the data (Table 4 ) 

revealed that the chanqes in tfie sensory scores for body & 

t e xture of the processed cheese samples due to the durations 

of storage, the 3 types of packages, and tl-ie judqes were 

(p <. o. 01) under both tl-ie conditions. highly significant 

Interaction judges x intervals was also significant (P L.. 0.01), 

whi le the other studied interactions were observed to be not 

si nif'icant under any of ttie conditions. 
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Aro ~a & Flavour -
Data on tlie sensory scores for aroma and flavour 

o f th e pro c es s ed h c eese samples stored in the different 

packages at 3a°C & 60 o per cent RH and 7-8 C & 80 par cent RH 

are given in Appendices V and VI and illustrated in Figures 

2 and 3. Tfi e F 1 va ues of tlie data on aroma & flavour are 

indicated in Table 5. 

From Figure 2, it can be seen that the mean 

initial score of 34.1 decreased to 30.2, 24.6 and 23.8 in P
1

, 

P3 and P2 respectively after 30 days of storage at 30°c & 

60 per cent RH. Tlie maximum decrease in aroma & flavour 

scores was noticed in case of P
2 

under both the conditions 

of storage. As expected, ttie tincan bein g impermeable to 

odours and oxygen had higtiest scores for aroma & flavour 

(Appendices V and VI). Since tt-ie oxygen transmission rate 

(OTR) of PS is rmre to tliat of LOPE (Kumar et fil., 1976; 

Kumar and Srinivasan, 1983b), this might have resulted in 

lower scorino for aroma & f"lavour for tlie samples packed 

Table 5 indicates t ti at the periods of storage 

a nd the types of packages had highly signi f icant (P Z 0.01) 

effect on aroma & f'lavour scoresof processed cheese samples 

at both the conditions. The dif'ferences in ttie scores due 

· if· c nt (P <o. 05) in case 
to different judges were less sign l a 

f ttie samples stored at 7-BoC & 80 per cent RH. The 

in t eraction betueen intervals and packages was also highly 

t (p < 0 01 ) under both the conditions; wliereas 
signif'icen • 



Table S: Analysis of variance of sensory scores for aroma & flavour of 
prgcessed cheese in different

0
types of packa ges stored at 

30 C & 60 per cent RH and 7-8 C &: 80 per cent RH. 

-----·---------------~--~--~·~-~---~-~~~~-~- ~~~~~~~~-

Sources of variation d. f. 3a°C & 60 .~ RH 7-8°C & 80% RH 

MSS F.value MSS F.value --- --- -- --·--------------
Among trials 2 

Among intervals 
of storage 3 

Among packages 2 

A mo n g ju d g es ti 

Interaction 
intervals x packages 6 

Interaction 
intervals x judges 1 2 

Interaction ,... 
packages x ju dg es 8 

Interaction intervals 
• packages x judges 24 

Error 118 

18.429166 

488.370369 

143.116666 

102.977 777 

34. 7759261 

14 .148148 

3. 22 7778 

2.41481466 

5 .1 05 72 041 

----------- -------------

3 • 6 09 5 1 3 3 4 * 

95.6516083** 

28. 03 065 07** 

2 0.169 0983** 

6. 8111 69 3 O** 

2. 771 03853** 

0.632188552 

o. 4 729 625 73 

** Si g n if i can t a t 1 % 1 ev el o r sign i f i ca n c e. 

* Significant at 5 % level of significance. 

1 03 • 71 6 6 6 6 1 8 • 9 8 72 7 78 ** 

239.79999 43.8998802** 

4 7 • 8 1 6 6 6 6 8 • 75 3 73 611 ** 

1 7 • 5 08 3 2 5 3 • 2 05 2 2 811 * 

8.28333366 1.51641933** 

3 • 4 8 9 81 48 3 0. 6 3 8 8 75 9 5 4 

2 • 0 041 6 7 0. 3 6 6 9 0 02 9 8 

2.646775904 0.484538804 

5. 46242945 

U1 
..J 
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t~e interaction judges x intervals was observed to be signifi­

cant (P < 0.01) only at '1ig~er temperature storage (Table 5). 

However, t~e interactions judges x packa ges, and interva l s x 

packages x judges were found to be not signif i cant under a ny 

of tlie two s to rage conditions. 

At 3a°C & 60 per cent RH , processed cheese sa mples 

packaged in tincans (P 1 ) were accep t a b le u pto 30 da y s, w~ile 

t he product packed in P S cups (P
2

) and LOPE tubs (P
3

) wa s 

a cceptable to t h e panelis t s upto 20 da y s only. Th e pro cess ed 

cheese s a mples s t ored at 7-s 0 c & 80 per cent RH were found 

to be of acceptable quality in all the three typ e s of pack a ges 

(P 1 , P2 and P3 ) for 90 days. I nterestingly, i n th e evalua t ion 

of the packages, Tab les 1 ta 6 show that consistently P
1 
> P

3 

/ P2 for storage of t h e processed cheese at bo th tli e 

conditions. 

Th e ab ove results confirm t he earlier findings 

o f Ko m is s a r o r a ( 1 9 6 5 ) an d Sn e g i r ev a et a 1 • ( 1 9 7 6) th a t t ti e 

s h elf life of processed cheese declined uith t h e incre ase 

in storage temperature. Snegireva ~! al. ( 1976) also obse r ved 

t h a t th e sh e 1 f l i f e o f p r o c es s e d ch a as e in pa 1 Y star an e cu P s 

w a s 3 mo nth s a t - 4 ± 1 ° C & 8 5 - 9 0 p e r c e n t RH • 

s.2.2.0 Chemical changes: 

s .2.2.1 Moisture content 
--------~------

The v a lu es f a r rrois tur e co ntent of p r o c ess ed 

h 3 d 0 ff nt p a c kagi ng mate r i a ls c heese samples st ored in t e l e r 

t a n d humidi t y a r e gi v en un d er the 2 con d i tio ns o f t emp e r a ur e 

in Append i ces VII a n d VIII, a n d g r a p h ical l y plotted i n 
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F i gu re s 4 a n d 5 • Th e s ta ti st i ca 1 a n a 1 y s i s o f th e d a ta o n 

moisture content is shown in · Table 6. 

From Figure 4 and Appendix VII, it can be 

observed that ttie mean initial moisture content of 43.15 per 

cent in processed ctieese samples decreased to 42.73, 42.03 

and 42.26 per cent in P
1

, P
2 

and P
3 

respectively, after 3 0 

days of storage at 30°C & 60 per cent RH. Th e minimum 

decrease in moisture content of processed c'1eese samples was 

noted in P1 , and maximum decrease in P
2

• This is obviously 

because P1 being tincan was completely impermeable to rroisture 

vapour, while the P
2 

and P
3 

being plastic contain e rs, permitted 

the egress of the moisture vapours. Between the 2 plastic 

containers, P2 whicti was made of PS st-iowed more rooisture 

loss in the product durin q storage compared to P3 uhict-i was 

made of ~Obviousl y , this was due to more moisture 

permeability of the PS than the LOPE containers (Kumar et al. 

1976; Kumar and Srinivasan, 1983b). 

Moisture loss from the processed c ti e ese samples 

s to red a t 7-8 ° C & 8 0 p e r c en t RH from th e p a ck ages was 

maximum in case of P
2 

followed by P3 a nd P1 (Fi oure 5). 

Ttie r e sults in general, agree wit'1 th e e xpe ri ments conducted 

by . Olotex ~ al. (1971 ), who also report e d more moistu r e loss 

from the samples packed in pl a stic con ta i n ers havin g hi gh er 

W VTR. 

Analysis of variance establish e d si qni f icant 

(P < o.o1) differences towards the moisture content due to 

the intervals of storage, and the types of packages, o n ly 
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Table 6: Analysis of variance for moisture content of processed cheese 
stored in different type s of packages at 30°C & 60 per cent RH 
and 7-8°C & 80 per cent RH. 

-- ---
Sources of variation d.f 3 a° C & 60% RH 7-8°C & 8 0% RH 

PISS F. value MSS F.value 
----------- ----- --

A mo n g tr i a 1 s 

A mo n g int e rv a 1 s o f 
storage 

Among pack ages 

2 

3 

2 

Interaction -~ intervals x 
packages 6 

Error 22 

1.3313443 95. 9962 040** 28 .5 74652 7 1.12979443 

1. 0766027 77 .628133 O** 2 o. 74638 04 o. 82 02 77515 

o. 243 7861 17 .5 7812 77** 26.55 345 26 1. 0498 7953 

0.07473055 5.38842516** 24.6243528 o. 9736 0612 0 

0.0138687181 25.2919043 

------- - ·---·-- ----------·----------
** Significant at 1% level of significance. 

C\ 
0 
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a t 3 o° C & 6 0 p e r c e n t RH • I n t er a c ti o n p a ck a g es x i n t er v a 1 s 

was also found to be significant (P < 0.01) for higtier 

temperature conditions only (Table 6). 

s.2.2.2 Free fatty acids ( FFA2 

Figures 4 and 5 and Appendices IX and X give the 

values for FFA of ttie processed cheese samples stored in ttie 

3 different typesof packages at 30°C & 60 per cent ' RH and 

7-s0 c & 80 per cent RH. Analysis of variance is presented 

in Tab 1 e 7. 

The mean initial value for FFA ( % oleic) increased 

fro m 0. 08 3 to 0. 1 9 9 , 0. 2 3 1 a n d 0. 2 Og in P 
1 

, P 
2 

a n d P 3 resp e c -

tively after 30 days of storage at 30°C & 60 per cent RH. 

Ttie FFA contents increased in respect of the 3 packages to 

u.110, 0.123, and 0.116 after 90 days of storage at 7-s 0 c & 

8 0 p er cent RH • Th e de grad a ti o n o f fa t i s co n si de red to b e 

primarily affected by ttie growt'1 of yeasts & moulds. This 

tendency can be ob served from App an dices IX and X ( F FA values) 

vis-a-vis Appendices XVII and XVIII (Y&M counts). From the 

consideration of least fat cleavage, it can be concluded 

that P
1 

proved to be the best package, follo1.1ed by P3 and P2 

For storage of processed cheese under the two studied 

conditions (Figures 4 and S). 

Analysis of variance of the data on FFA (Table 7) 

revealed that the durations of storage, and the types of 

packages, each individuelly,contributad significantly . 
(P < 0. ·01) towards the changes in ttie values of FFA under 

both the conditions of' storage. However, the interaction 



Table 7: Analysis of variance for free fatty acids of processed cheese 
s to red ~ n di ff e re n t t y p es o r pa ck a ges a t 3 0° C & 6 0 per cent RH 
and 7-8 C & 80 per cent RH. 

--
Sources of va ria tio n d. f. 3n°C & 60 '~ RH 7-8°C & 80% RH 

- MSS F.value MSS -r.value 
---

Amon g trials 2 o. 0005 775 13.6892836** o. 00 005 01944445 4. 29 7729 62** 

Among intervals of 
storage 3 0.0293299629 694. 94 795 7** 0.00101255555 155.193941** 

Among packages 2 o. 00137158333 3 2 • 4 9 8 4 73 8 ** 0.000110111110 9. 42789159** 

Interaction intervals x 
peck ages 6 o. 00023565 7408 5 .58369727** o. 00024333328 2. 08345936 

Error 22 o. 0000422 04s 45 o 0.0000116792932 

·~~~~~~~~--~--~·~-------------·----------~~~~~--~~-------

** Significant at 1 % level of significance. 

Q'\ 
N 
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intervals x packages was significant (P .( 0.01) only in case 

of' storage at 30°C &: 60 per cent RH. 

5.2.2.3 Soluble nit~~ 

The values for soluble nitrogen, which is an 

index of proteolysis, of the processed cheese samples stored 

in the 3 different packages for ttie different periods under 

the 2 storage conditions are illustrated in Figures 4 and 5, 

and Appendices XI and XII. Their analysis of variance is 

shown in Table B. 

Ttie results indicate that t h e extent of protein 

breakdown in the processed cheese samples packed in tincans 

(P
1

) was minimum followed by P3 and P2 under the two 

co n d i ti o n s o f a to r a g e • Th is d i f f e re n c e i n t tie s o 1 u b 1 e 

nitrogen contents of the cheese samples packed in the 3 types 

a f packages can be mainly attributed to t'ie corresponding 

growt'i of microorganisms (Appendices XV and XVI) particularly 

pro teoly tic types. Tliese results compare favourably ui ti, 

those of Kumar et al. (1975) and Kumar an d Srinivasan {19 8 2), 

who also observed significant differences in the protein 

breakdown in ttie samples of khoa when packed in different 

pa ck ages. 

Table 8 st,ows that the int e rvals of storage, 

the 3 types of packages, and the interaction intervals x 

p a.ckages had very significant (P <:.. o. 01) effect on tlie 

soluble nitrogen content or the processed cheese samples 

during storage at both tha conditions. 



Table 8: Analysis of variance for soluble nitrogen of processed cheese 
stored ~n different types of packa ges at 3D°C & 60 per cent RH 
and 7-8 C & 80 per cent RH. 

-- --
Sources of va ria ti on d. f. 3 0° C & 6 0% RH 7-8°C & 8 O~ RH 

MSS-- F.value ---MSS ---r.value 
---

Among trials 2 0.123 02 7083 1 2 73 6 • 8 61 6** 0. 135 1 76 02 7 1OS6. 83368** 

Among intervals 
of' storage 3 o. 0329936664 3 41 5 • 79 8 8 O** o. 0348944072 2 72 • 8115 75 ** 

Among peck ages 2 o. '11J64 92 7495 1707. 47661** 0. 015 5 73 3 6 08 121.755703** 

Interaction intervals x 
packages 6 0.0024656391 255.264964** 0.002252443526 17.6 0999 71 ** 

Error 22 0.00000955913636 0 • 0 001 2 79 06 6 2 

------·--------------------------------------- ----~-------

**Significant at 1 % level of significance. 

CJ\ 
s;,. 
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5.2.2.4 pH 

Appendices XIII and XIV, and Figures 4 and 5 

depict the values for pH of the processed cheese samples 

stored in the 3 different packaging materials under the 2 

conditions of storage. Statistical analysis of the data is 

presented in Tab! e 9. 

A t 3 a° C & 6 0 p e r c en t RH , th e i n i ti a 1 v a 1 u e f o r 

pH of processed c'ieese decreased from 5 .59 to 5 .40, 5 .33 and 

5.36 in packages P
1

, P
2 

and P
3 

respectively after 30 days of 

storage. Almost the same trend 1a1as observed for the processed 

cheese samples stored under refrigeration conditions in the 

3 types of containers. The differences in the values for 

pH of the processed clieese samples packed in different 

packages may be due to the varied growtfi of microorganisms 

(acid producing). 

Statistically, tfie durations of storage, the 

types of packages, and interaction intervals x packages, 

each individually, were observed ta be highly significant 

(P <.. O. 01) for changes in the values of pH under both the 

conditions of storage. 

From the results on chemical changes it can be 

concluded that the P
1 

was the best packaging material followed 

by P
3 

and P
2 

respectively for storing processed cheese at any 

of the two studied conditions. 

5.2.3.0 Microbiolo~ical changes: 

~andard plate count (SPC) 

The standard plate counts{in log10) of the 

processed cheese samples stored in the 3 different types of 



Table 9: Analysis of variance for pH of processed cheese stored in 
different types of packages at 3D°C & 60 per cent RH 
and 7-e0 c & 80 per cent RH. 

Sources of variation d. f. 3 D°C & 6 0 ~ RH 7-8° C & 8 0·1o RH 
---------

MSS F.value MSS F.value 
---- --
Among trials 2 o. 00608611 2 7. 73 41 019** 0.01121111 64.1559702** 

Allling intervals 
of s to rage 3 o. 08964122 408.51 7942** 0. 09 9 06 023 3 566.885961** 

Among packages 2 o. 004411111 20.1012098** o. 00393611 22.5245275** 

In terac ti on 
packages x intervals 6 o. 0008 3. 6455 6 039** o. ooos 06483333 2.89836864** 

Error 22 o. 000219445 o. 000174747727 

-- -------·-------- ------- ---------------·-------
** Significant at 13 level of significance. 

C\ 

°' 
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packages un d er the 2 storage conditions for specified periods 

a re shown in Figures 6 and 7, and Appendices XV and XV I. 

Analysis of variance is given in Table 10. 

O n s to r a g e a t 3 o° C & 6 O p e r c en t RH f o r 1 0 day s , 

the processed cheese samples in all the 3 types of packages 

showed rapid growth of microorganisms, while subsequent 

storage indicated gradual increase in SPC, and the counts 

decreased slightly at tlie end of the 3 0 days of storage 

(Appendix XV). The decrease in counts after 20 days was 

mainly due to setting in of lag phase of tl-ie microbial 

g row th. 

0 Storage of processed cheese at 7-8 C &: 80 per 

cent RH resulted in minimum counts for the sa mples packaged 

in P
1

, followed by P
3 

and P
2 

respectively in ttie ascending 

order. This trend was observed For botli the conditions of 

the storage (Figures 6 and 7). These observations in general, 

coincide with the results of ~ther workers (Kumar et al., 

1975; Kumar and Srinivasan, 1983a), utio also noted chan g es 

in total counts due to different types of packages. 

There were found to be highly significant 

(P ( 0.01) differences in ttie total counts due to the 3 types 

of packages, and the intervals of storage under both the 

conditions. · Interaction betla1een intervals and packages 

was significant (P < 0.01) for the lower temperature storage 

only. 
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Table 10: Analysis of variance for standard plate count of processed cheese 
s to red i n d i f f e r en t t y p es o f p a ck a g es a t 3 o° C & 6 0 p e r c en t RH 
and 7-e0 c & 80 per cent RH. 

---- --
Sources of variation d. f. 3 D°C & 60~ RH 7-B°C & 80 'i'~ RH 

--
MSS F.value MSS F.value 

--- - -
A mo n a tr i a 1 s 2 o. 016043693 21.1236619** o. 0292983 6 5. 7955 025 6** 

Among intervals 
or storage 3 14.3045855 18833. 8 OS O** 4.35266498 860.999756** 

Among pack ages 2 o. 123 CE 361 16.2016492** o. 026622 69 45 5.26622972** 

Interaction 
intervals x packages 6 0 • oo 1 73 5 2 8 75 2. 284 73 747 0. 0 03 1 91 213 0.631253186** 

Error 22 o. 00075 9512863 O. DOS 05536140 

**Significant at 1% level of significance. 

CJ'\ 
00 
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S.2.3.2 Yeasts & moulds counts ( Y~ 

The yeasts & moulds counts of the processed 

cheese samples stored in tlie 3 types of packaging materials 

for different time intervals under the two conditions are 

given in Appendices XVII and XVIII, and Figures 6 and 7. 

Analysis of variance is shoyn in Table 11. 

0 n s to r a g e a t 3 a° C & 6 0 p er c en t RH, t Ii e av er age 

Y&M count (in log10) increased from 0.949 to 2.757, 2.936 and 

2.928 respectively in P
1

, P2 and P3 after 20 da y s of storage. 

Tt-ie counts, however, decreased in all the packages to 1.608, 

1.810 and 1.?88 in respect of P
1

, P2 and P3 after 30 days 

of storage (Figure 6). This decrease in Y&M counts was 

obviously due to setting in of lag phase. 

Tt-ie initial average Y&M count (in log10) of 

0.949 showed maximum increase in case of samples packed in 

P2 , followed by P3 and P
1 

in descending order (the mean 

values being 3.234, 3.217 and 3.086 respectively) after 60 

days of storage at 7-s 0 c & 80 per cent RH. Similar to the 

total counts, the YIM counts also showed a decreased trend 

at the end of 90 da y s of storage. These results are in 

harmony with the observations of Kumar et al. (1975) and 

Kumar and Srinivasan ( 1983a), who concluded that the types 

of package affected the growth of Y& M in khoa samples when 

stored at refrigeration conditions. 

It can be seen from Table 11 that the durations 

of storage significantly (P ..(, 0.01) affected the growth of 

Y&l'I under both t.,e conditions, "1hile the types of packages 

influenced (P < 0.01) the Y&:l'I counts in case of higtier 



Table 11: Analysis of variance for yeasts & moulds count of processed 
cheese stored i[] different types ofpackages at 30°C &: 60 per 
cent RH and 7-8 C &: 80 per cent RH. 

--- ---
Sources of variation d. f. 3 a° C &: 6 0% RH 7-8°C & 8 0% RH 

-
MSS F. value MSS F.value 

-- - - ---
Among trials 2 0. 6 07213 083 1 03 • 1 5 9 73 8 ** 1. 093 40286 5 2. 415 9 079 ** 

Among intervals 
of storage 3 5. 63 066618 9 5 6 • 5 9 6 73 6 ** 8. 43 085 848 404.161281** 

Among packages 2 o. 091648083 15 .s 701393** o. 03 658 74435 1. 75394096 

In te ra c tio n 
intervals x packages 6 o. 0109388243 1. 85 840241 o. 007642482 0.3 66367829 

Error 22 D. OCE88614404 o. 02 08 6 01339 

---- --- - - ,--------------·-------·-------
**Significant at 1% level of significance. 

-J 
CJ 
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temperature storage conditions only. T'1e interaction intervals x 

packages towards tfie changes in Y&M counts was observed to be 

not significant under any of the studied conditions (Table 11). 

5.2.3.3 ~~obic spore formers (ASF) 

Appendices !XX and XX and Fi gures 6 and 7 show 

the effect of 3 types of containers used for the packaging 

and storage of processed cheese under the two conditions 

on the anaerobic spore formers (l'lPN/100 g) count. Ttie 

statistical analysis of the data obtained during the experi-

ments is reported in Table 12. 

0 The studies revealed that on storage at 30 C & 

60 per cent RH, tlie initial ASF count (MPN/100 g) (mean of 

three trials) in processed cfieese samples increased from 6. 6 

to 21, 36 and 21.6 respectively in P
1

, P2 and P3 after 20 days 

of storage. These counts however, decreased (due to lag phase) 

on prolonged storage of 30 days. 

0 On storage at 7~8 C & 80 per cent RH, the average 

ASF counts in processed cheese samples were found to be 14.3, 

24 and 19.3 in respect of P
1

, P
2 

and P3 after 90 days of 

storage indicating that t'1e minimum multiplication of anaerobic 

spore formers had been in case of the product packed in P
1 

(tincan) followed by P
3 

(LOPE tub) and P
2 

(PS cup). Thus P
1 

p roved to b e t Ii e b est pack a g e f o 11 ow e d by P 3 an d P 2 resp e c ti v e 1 y 

from the consideration of minimum rultiplication of ASF. 

From Table 12, whict, deals with the statistical 

analysis of tlie data pertaining to ASF counts, it is evident 

that the durations of storage, the 3 types of packages, and 
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interaction packaqe x intervals, eacfi individually, significan-

tly (P < 0.01) contributed in tfie growth or anaerobic spore 

formers (Table 12). 

The results obtained during this investigation 

on the microbiological quality of processed cheese packed 

in different packages, in qeneral, are in accordance ~itfi 

the work reported by earlier workers (Sabad and Boros, 1961; 

Dxer, 1970; Mladenov ~1 al., 1972; Al-Asl-imay et al., 1977; 

and Appuswamy and Ranganattian, 1981), who studied the 

different types of microorganisms in fresfi and stored processed 

cfieese and noted tfie ctian ges in microbiological counts as 

influenced by different factors. The results are also in 

agreement witti ttiose of Dallyn and Everton (1973), Kumar et al. 

(1975) and Kumar and Srinivasan (1983a), who concluded that 

the microbial growth was a major factor in the selection of 

the most suitable packaging material for a particular product. 

5.3.0.0 SOME IMPORTANT OBSERVATIONS 

During the entire storage periods (i.e. 30 days 

at 30°C & 60% RH and 90 days at 7-e 0 c & 80% RH) of processed 

cheese, not even a single sample packed in plastic containers 

or tincans showed the defects of water "weeping" (Storck, 1953) 

or blowing of lid. However, bloating was observed in some of 

the tincans (P1) containing processed c~eese samples after 

50 days of storage at 30°C & 60 per cent RH (Plate 2). This 

defect was obviously due to anaerobic spore formers present 

in cheese. But, no bloating was observed in tin containers, 

when stored under refrigeration conditions upto 120 days. 

Some of tfie plastic containers (approximately 15 %) showed 
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mould growth on the surface of processed cheese after 30 days 

of storage at 30°C & 60 per cent RH. A very good growth of 

moulds in different colours can be seen in Plate 2, which 

was observed in plastic containers after 5 0 days of storage 

a t 3 o° C & 6 0 p er c en t RH. 
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CHAPTER - VI 

GENERAL SUMMARY 



6.o.o.o GENERAL SUMMARY 

Tlie material presented in the foregoing pages of 

this thesis pertains to ttie studies on the packaging of 

processed cheese. 

6.1.0.0 In the introduction, the importance of processed 

cheese and also the present status of its packaging have 

been pointed out. The necessity to develop low cost and 

convenient packaging materials for the processed cheese is 

stressed. 

6.2.0.0 A co mp re hens iv e review o f th e av a i 1 ab 1 e 1 it er a tu re 

on the packaging of processed cheese in different manners, 

use of different packaging materials for processed cheese, 

and storage studies of processed cheese, which included 

keeping quality, chemical and microbiological changes, ie 

presented. 

6.3.D.O Since no approacti to investigate the packaging of 

processed cheese in flexible materials with special reference 

to indigenously available plastic containers has so far been 

made, tlie scope and plan of the work of the present studies 

were drawn up to include observations on the storage studies 

at 30°c & 60 per cent RH and 7-e0 c & 80 per cent RH. The 

experimental methods adopted during the present investigations 

h av e a ls o b e en des c rib ed. 

6 .4. o. 0 Evaluation of the processed ctieese stored in ttie 

3 different packaging materials under the two conditions 



76 

for different time intervals for various sensory attributes 

by a panel of judges also formed a part of the present study. 

The observations relating to chemical and microbiological 

changes in processed cheese during the course of storage 

are recorded. 

6.s.o.o The data collected during the entire investigations 

are discussed with tlie help of ttieir actual values (except 

sensory scores, where average values are given) presented 

in XX tables of details (Appendices), 12 Tables of consoli­

dated data, 6 Figures and 2 Plates. 

From the results obtained, the following conclusions 

are indicated: 

6.s.1.0 Sensory evaluation for the appearance, body & 

texture, and aroma & flavour characteristics of the processed 

cheese samples stored in the 3 different types of packages at 

30°C & 60 per cent RH and 7-s0 c & 80 per cent RH for various 

time intervals revealed tliat ttie product packed in P
1 

(tincans) 

was liked most, followed by P
3 

(LOPE tub) and P2 (PS cup) 

respectively under both ttie conditions. 

6.s.2.0 Analysis of variance showed that the 3 types of 

packages, and the durations of storage, each individually, 

had highly significant (P <. D. 01) effect on the sensory 

characteristics of the processed cheese under both the 

co n d it io n s • 

6.S.3.0 At 3a°C & 60 per cent RH, the processed cheese 

sam'ples were found to be acceptah le upto 20 days in plastic 

containers, i.e. p
2 

(PS cup) and P3 (LOPE tub) and 30 days 
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for different time intervals for various sensory attributes 

by a panel of judges also formed a part of the present study. 

The observations relating to chemical and microbiological 

changes in Processed cheese during the course of storage 

are recorded. 

6.s.o.o The data collected during the entire investigations 

are discussed with ttie help of tl-ieir actual values (except 

sensory score s, where average values are given) presented 

in XX tables of details (Appendices), 12 Tables of consoli­

dated data, 6 Figures and 2 Plates. 

From the results obtained, the following conclusions 

are indicated: 

6.s.1.0 Sensory evaluation for the appearance, body & 

texture, and aroma & flavour characteristics of the processed 

c heese samples stored in the 3 different types of packages at 

30°C & 60 per cent RH and 7-s 0 c & 80 per cent RH for various 

time intervals revealed ttiat ttie product packed in P 1 (tincans) 

was liked most, followed by P
3 

(LOPE tub) an d P2 (PS cup) 

respectively under both tl-ie conditions. 

6.s.2.0 Anal ysis of variance showed that the 3 types of 

packages, and the durations of storage, each individually, 

had highly significant {P (. O. 01) ef feet on the sensory 

characteristics of the processed cheese under both the 

co n d it io n s • 

6.S.3.0 At 3a°c & 60 per cent RH, the processed cheese 

sam'ples were found to be acceptah le upto 20 days in plastic 

t i S i 8 p (PS cup) end P"' (LOPE tub) and 30 days con e n er , • • 2 .J 
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in p1 {tincan), wtiile ttie precessed cheese was ob served to 
b e of ace ep tab! e quality in all the 3 types of packages up to 
90 days at 7-B°C & 8 0 per cent RH. 

6.6 . 0 . 0 
The 3 types of packages, the durations of storage 

and interacti n k . . . . o pac ages x intervals each individually were 

observed to have i · f' t ( < s gn1 ican effect P 0.01) on the 

moisture content of processed clieese samples, only in case 

of higher temperature storage. 

6 . 7 . 0 . 0 Statistical analysis also revealed that the 3 types 

of pac kages and the interva l s of storage had highly signifi cant 

{P < 0.01) influence on the free fatty acid contents of the 

processed cheese under both the storage conditions. Interaction 

between intervals and types of packages was significant 

(P (. 0 . 01) only at 30°C & 60 per cent RH. 

6.a.o.o The 3 typesof packa ges , the durations of storage, 

and the interactio n in t ervals x packages were observed to be 

highly significant {P < 0. 01) towards t h e changes in soluble 

nitrogen contents of tlie processed cheese sample under both 

th e s to r a g e con di t i o n s • 

6.9.0.0 The values for pH of tlie processed cheese samples 

were significantly {P < 0.01) affected by the 3 types of 

packages, durations of storage, and the interaction between 

intervals and packages underboth the conditions. 

6.10.0.0 The 3 types of packages and the intervals of 

storage periods were found to significantly influence (P < 0.01) 

the standard plate counts (SPC) of the processed cheese samples 

under the two studied conditions of storage. Interaction 
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between intervals and packages was significant (P <..._ 0.01) only 

a t 7- 8 ° C & B 0 p er c en t RH • 

6.11.0.0 The experiments also revealed highly significant 

(P < o.01 ~ differences in tlie yeasts & moulds counts of the 

processed cheese samples due to various intervals of storage 

under both the conditions, while the types of packages 

effected (P < 0.01) ttie yeasts & moulds counts only at 3D0 c & 

60 per cent RH. However, the interaction intervals x packages 

played no significant role in the rrultiplication of yeasts & 

moulds under any of ti,e studied conditions of storage. 

6.12.0.0 It uas observed that the 3 types of packages, 

di r f e r en t 1 n t er v a 1 s o f s to r a g e, an d in t e r a c ti o n b e tw e en 

intervals and packages had hiqhly significant {P < o. 01) effect 

on ttie anaerobic spore formers count of processed cheese 

samples stored under tlie two conditions. 

6.13.0.0 From the present investigations, it can be concluded 

that ttie studied flexibleplastic containers, ttie package P3 

consisting of low density polyethylene (tub: capacity - 150 g) 

and the package P
2

, made of polystyrene (cup: capacity - 150 g) 

may be used for storing processed cheese at 30°C & 60 per cent 

RH (keeping quality: 20 days) and 7-8°C & 80 per cent RH 

{keeping quality: 90 days). The tincans (P 1) proved batter 

tlian the plastic containers for storage of processed cheese 

under both the conditions (keeping quality at 3a°C lr. 60% RH: 

30 days; at 7-8°C A ao ·~ RH: 9 0 days). Thus for storing 

the processed cheese under ttie tuo conditions, peckage-1.1ise, 

p wes observed to be ttie best followed by P3 and P2 respectively. 
1 
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6.14.D.O An exhaustive bibliography of the references 

indicated in the review, and elsewhere is also separately 

attached, immediately following this summa ry of results. 

6.1s.o.o App en dices. 
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APPENDIX-=-.! 

Mean sensory scores (based on numerical scoring test) for 
appearance of processed c~eese stored in different 
packages at 30°C & 60 per cent RH ~meafl' - B f 5 judges) 

-- ---
Period of storage (day_s) 

- - -- --
1 0 20 
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Type of package 

---·- - ---
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-- ------
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p2 P3 

14. 8 16 
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-- ------ ------- --------------
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APPENDIX - II 

Mean sensory scores ( b ase d on nu me rical sco r i n g te s t) 
for different packages at 7- 8 ° C & 8 0 per ce n t RH 
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APPENDIX - III 

Mean sensory scores (based on numerical scoring test) for 
body & texture of processed cheese stored in different 
packages at 3a°C & 60 per cent RH (mean of 5 judges) 
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Period a f storage (days) 
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Type of package 
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APPEND! X - IV 

Mean sensory score s (based on nume rical scoring test) 
for body & texture of processed ch e ese stored in different 
pack ages at 7-8°C ' 80 per cent RH (mean of 5 j ud ges) 
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APPEND IX ::._Jf, 

Mean sensory scores (based on numerical scoring test) for 
aroma & flavour of processed cheese stored in different 
packages at 30°C & 60 per cent RH (mean of 5 judges) 

-- --
Period of storage (days) --

1 0 20 
----- --·-

Type of package ---- -----
p3 p1 p2 p3 p1 p2 p3 p1 
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30 
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Mean sensory scores (based on numerical scoring test) for 
aroma & flavour ctiaracteristics of processed cheese stored 
in different packages at 7-8°C & 80 per cent RH (mean of 
5 judges) 



APPENDIX - VII 

l'loisture (percent) of processed cheese stored in different 
types of packages at 3D°C &: 60 per cent RH. 

. ~~·~----~----------~-------------------~-~ 
Trials Period of storage (days) 

--·--- ----------·----------
0 1 0 20 30 

~---------- .. -------------
Type of package __________ .__......,._. ___________________ _ 

---------------~--------
p1 p2 P3 p1 p2 p3 p1 p2 p3 p1 p2 p3 

-----·--------- --------------

T1 43 .54 43 .5 4 43 .5 4 43 .:&6 43 .28 43 .3 0 43 .3 0 42. 78 42.84 43.21 42. 04 42 .52 

T2 43 .14 43.14 43.14 43. 02 42 .8 7 42 .93 42.85 42. 6 7 42.74 42.63 42 .17 42 .37 

T3 42. 78 42. 78 42.78 42.59 42.48 42 .54 42 .5 0 42.31 42 .3 7 42 .3 6 41.88 41. 9 0 

Mean 43.15 43 .1 s 4 3 .1 5 42 . 99 42 .8 8 42 .9 2 4 2 .88 42 .5 9 42. 65 42. 73 42. 03 42.26 

--------- -------------- ---------



Trials 

r, 

T2 

T3 

Mean 

-
-------

0 

p1 p2 

APPENDIX - VI II 

Moisture (percent) of prscessed chee se stored in different 
types of packages at 7-8 C &: 8 0 per cent RH. 

- - -----
Period of' storag e (days) 

- -- ---
30 60 

-
90 

-------- ------
Type of package 

----- - - -----
p3 p1 p2 p3 p1 p2 p3 p1 p' P3 

- ---
43.54 43 .s 4 43.54 43.42 4 3 .19 43.36 43 .18 42. 95 43. 09 43. 02 42.78 4J .93 

43 .14 43 .14 43 .1 4 43. 09 42.96 43. 01 4 2 . 92 42. 6 7 4 2 .82 42.76 42.48 42.66 

42. 78 42. 78 42. 78 42.63 42.48 42 .5 6 42.1 8 4 2 . oo 42 . 08 42. 04 41.82 41 .91 

43 .15 43 . 15 43 .1 5 43. OS 42.88 42098 42. 76 42 .54 4 2 .66 42.61 42 .. 3 6 42 .5 0 

--------------



APPENDIX - .!! 

Free fatty acids (percent oleic) of pro ce ss ed cheese 
stored in different types of packa ges at 30°C & 60 per 
cent RH. 

- ·-------------·----------- _________ , 
Trials Peri o d o f stora ge ( da y s ) 

---- ------
0 1 0 2 0 30 

-----------------------------~--------~~---------
Type of packa g e 

·-------------------
p1 p2 P3 p1 p2 p3 p1 p2 p3 p1 p2 P3 

-- --- ---------------------------

T1 o. 083 o. 08 3 o. 083 D.1 5 4 0.163 0.157 D.1 73 0.19 4 0 . 1 8 0 0. 1 9 7 0. 21 8 0 • 2 05 

T2 o. 08 2 o. 08 2 o. 08 2 0.162 0.1 8 0 0 .167 0 .1 73 o. 211 0 .18 3 0.193 0.229 0.209 

T3 o. 08 4 o. 08 4 0 . 08 4 0 • 1 6 7 0 . 1 8 2 0 • 1 73 0 .1 85 o. 23 6 0 . 1 9 1 0 . 2 08 0 • 2 4 7 0. 21 4 

Mea n o. 083 o. 083 0 . 083 0 .1 6 1 0 .175 0.1 66 o. 1 77 o. 2 1 4 0. 1 8 5 0 . 1 9 9 0 • 2 3 1 0. 2 09 

------------------------- ---------------------



Trials 
---

APPENDIX - X 

Free fatty acids (percent oleic) of processed ct-tease stored 
0 in different types of packages at 7-8 C & 80 per cent RH 

- -
Period o f storage ( day s) - -----------

0 30 60 
-- - -----

Type of package 
----- --

p1 p2 p3 p1 p2 p3 p1 p2 p3 p1 

--------- ---
T1 o. 083 o. 083 o. 083 o. 090 o. 096 o. 093 o. 09 7 0.1 06 o. 1 03 0.1 07 

T2 o. 08 2 o. 08 2 o. 08 2 o. 088 o. 09 2 o. 09 0 0.098 0.1 08 o. 1 03 0.1 09 

T3 o. 08 4 o. 08 4 o. 08 4 o. 091 0.093 o. 09 2 0.1 05 o. 11 7 0. 11 0 0.114 

Plea n o. 083 o. 08 3 0 . 083 o. 09 0 o. 094 o. 092 0.1 0 0 0 .11 0 D.1 05 o. 11 0 

------
--

90 

---
p2 P3 

0.118 0.112 

0.121 0.115 

0.129 0.121 

0.123 0.11 6 

--------------------------------------------------



-
Trials 

T1 

T2 

T3 

l'lean 

-

APPENDIX - XI 

Soluble nitrogen (percent) of processed cfieese stored in 
d i f' re re n t t y p es o f p a ck a g e s a t 3 o° C & 6 0 p e r c en t RH • 

- - -----
Peri o d o f s to rage ( da v s) 

--
- ·-- - ----------------------

0 1 0 20 30 
------------ --

Type of package 
------------- --------------------
p1 p2 P3 p1 p2 P3 p1 p2 p3 p1 p2 p3 

-------------------------

1.693 1.693 1. 693 1. 7 08 1. 771 1. 73 4 1 • 727 1 • 818 1. 8 02 1. 758 1 .885 1 .es g 

1.s6 7 1.s6 7 1.s6 7 1.5 82 1.64 9 1.626 1 • 6 01 1 • 696 1 • 681 1 .636 1 • 763 1 • 731 

1.48 9 1. 48 9 1. 48 9 1 .s 05 1 • 5 71 1.548 1.524 1.619 1 • 6 01 1.559 1.686 1 • 651 

1.583 1 . 583 1 .s 8 3 1 . 5 98 1. 664 1 • 63 6 1 • 61 7 1 • 711 1 • 695 1 • 651 1. 778 1. 74 7 

------------- -------



Trials 

0 

APPEJiDIX_.::_fil 

Soluble nitrogen (percent) of processed cheese stored in 
different tvp es of packages at 7-8°C & 80 per cent RH. 

----- ----- ~-----~----~~--~~--~--~--~~-

Period of storage (da y s) 

30 60 90 
-------

Type of package 
-- ----·------------ ----
p1 p2 P3 p1 p 2 p3 p1 p2 p3 p1 p2 P3 

--------------------------- ----------------

T1 1. 693 1 • 693 1 • 693 1 • 71 2 1 • 7 6 6 1 • 75 0 1 • 75 1 1 • 8 3 9 1 • 8 03 1 • 7 71 1 • 91 2 1 • 8 8 5 

T2 1.s67 1.567 1.567 1 • 5 8 6 1 • 65 3 1 • 63 2 1 • 6 07 1.702 1.663 1.641 1.768 1.698 

T3 1. 489 1 .48 9 1.48 9 1 • 5 09 1 • 5 7 6 1 • 5 5 6 1 • 5 2 7 1.625 1.605 1.563 1.671 1.656 

Mean 1.58 3 1.5 8 3 1. 5 8 1 1. 6 02 1. 665 1.646 1. 62 8 1.722 1. 69 0 1.658 1.784 1.746 

---------------------- ·------------------------------- ----------



APPENDIX - XIII ----

pH of processe d cheese stored in different types of packages 
at 3D0 c &: 60 per cent RH. 

----- - ---- --
Trials Period of storag e (da y s ) 

---------------------------------·--------
0 1 0 20 30 

-------- ---------------------------
Type of package 

--------- -----------------------------
p1 p2 p3 p1 p2 p3 p1 p2 p3 p1 p2 p3 

-----------------------------------------

T1 S.62 5.62 5 . 62 5 . 5 3 5.52 5 .s 3 5.48 5 .41 5 • 4LI 5 .41 5 .33 5.37 

T2 5.6 0 5 . 60 5 . 6 0 5. 5 3 5 . 5 0 5 .52 5 .4 7 5 .40 5 . 44 5.40 5 .33 5.36 

T3 s .5 6 5 . 56 5 . 5 6 5. 4 'J 5.43 5.47 5. 44 5.40 5 . 42 5 .3 8 5 .32 5.34 

Mean 5.59 5. 5 9 5 . 5 9 5. 5 2 5 .4 0 5 .51 5 . 46 5.40 5 . 43 5 .40 5.33 5.36 

----·------------------ - ------------ ------·------



APPENDIX - XIV 

pH of 9rocessed cheese stored in different packages 
at 7-8 C & 80 per cent RH. 



APPENDIX - XV 

Standard plate count (in log 0) per g of prQcessed cheese 
s to red i n d i ff e re n t t y p e s o f 1 pa c k a g es a t 3 O'"' C & 6 O p e r c e n t AH 

--- -- -- ---
Tri a ls Period of storage (day s ) 

------------- ---- --
0 10 20 30 

------- --
Type of package 

---------- - - -----
p1 p2 p3 p1 p2 p3 p1 p2 P3 p1 p2 p3 

----------

T1 2. 763 2. 763 2. 763 4 . 756 4.869 4. 832 5 . 7 07 5 . 792 5. 75 6 4 . 732 4 . 85 7 4.819 

T2 2 . 813 2.813 2.81 3 4. 793 4.845 4.813 5.770 5 . 9 03 5 . 785 4 . 778 4 . 813 4 . 785 

T3 2 . 8 5 7 2. 85 7 2 .85 7 4.851 4. 89 2 4. 8 75 5. 8 13 5. 9 24 5 . 8 75 4. 778 4.851 4. 845 

Mean 2. 8 11 2 .811 2. 8 11 4 . 8 oo 4.86 9 4.84 0 5. 763 5 . 8 73 5 . 8 05 4.763 4.840 4.816 

-- -----------------



Trials 

T1 

T2 

T3 

Mean 

APPENDIX-XVI 

Standard plate count (in log 0) per g of processed cheese 
stored in different types of1packages at 7-8°C & 80 per cent RH 

--- -- ----- --
Period of storage (days) --

0 30 60 90 
---- - ------------

Type of package 
----

p1 p2 p3 p1 p2 p3 p1 p2 p3 p1 p2 

------------- - ----
2. 763 2. 763 2. 763 3. 653 3. 716 3.819 4.431 4.498 4 .s 44 3. a 75 4. ooa 

2.a13 2.813 2.813 3.681 3.832 3. 724 4.414 4.476 4.446 3.as1 3.991 

2 .as 7 2. a5 7 2. as 7 3.919 4. 041 4.002 4 .3 42 4.5 79 4 .ss 6 3 .9 03 3.982 

2.a11 2.a11 2.a11 3. 751 3.863 3.a48 4 .39 7 4.518 4.515 3 .8 7a 3 .994 

p3 

3 .9 77 

3.954 

3.944 

3.958 

- -------------------- ------



---·-
Trials 

-
--

1 0 

APPENDIX - XVII 

Yeasts and mo ulds count (in 10910) per g of processed cheese 
stored in d if f e rent t y pes of packages at 30°C & 60 pe r cent RH 

----- --
P e r i o d o f s to r a g e ( da y s ) 

----- - ---
20 20 

----------------------- - -
Type of packa g e 

------ ---
p1 p2 p3 p 1 p2 p3 p1 p2 p3 p1 

30 
---

p2 P3 

- ·------ --·--- --
T1 o. 778 o. 778 o. 778 1.3 8 0 1 • 5 1 8 1. 6 02 2.602 2. 74 8 2. 699 1 .342 1.477 1 .544 

T2 0 .954 0 . 9 5 4 0 .954 1.6 02 1. 9 1 11 1 .813 2 .85 7 2.964 2. 95 4 1.602 1. 8 75 1. 778 

T3 1 .11 4 1 . 1 14 1 .11 4 1. 9 03 2.2 04 2.146 2.813 3. 09 7 3 .13 0 1.88 0 2. 079 2. 041 

Mean D. 9 49 D. 9 4 9 D. 9 49 1 • 6 28 1 • 8 79 1. 85 4 2. 75 7 2 . 93 6 2. 92 8 1. 608 1. 81 0 1. 788 

---------- -------------- --- ----



Trials 

0 

APPE NDIX - XVIII 

Yeasts and moulds count (in log10 ) pe r g of grocessed cheese 
stored in different types of pacl<ages at 7-8 C & 80 per cent RH 

---
Period of storage (days) 

---
30 60 90 

---- ---------------- --
Type of package 

--- ----
p1 p2 P3 p1 p2 P3 p1 p 2 p3 p1 p2 p3 

---------- --

T1 o. 778 0 .778 0.778 2 .38 0 2.415 2.477 2.819 2. 9 03 2 .963 1 .3 01 1.544 1.477 

T2 o. 95 4 0 . 95 4 o. 95 4 2 . 74 0 2 .81 9 2.785 1. 041 3 .193 3. 15 8 2. 041 2. 2 04 2. 079 

T3 1 • 114 1 .11 4 1 .11 4 2 .845 2. 9 14 2. 8 75 3.398 3 .602 3 . 5 31 2. 3 01 2 .55 6 2.447 

Mean D.949 0 . 9 4 9 o. 949 2 . 655 2. 71 6 2.712 3. 086 3.234 3 . 217 1 • 8 81 2 .1 00 2. 001 

--------------------------- ----------------·------



APPE ND!_L.::_1IX 

Anaerobic s pore f ormers count (MP N/'100 g) in processed cheese 
sto red in diff e r ent types of packages at 30°C &: 60 p e r cent RH 

-------
Tria l s Pe r io d o f s to rage (da y s ) 

------·- ·---- ·-------~------
0 1 0 20 30 

---
Type of package 

----------------------------------------------- ----
p1 p2 P3 p1 p2 p3 p1 p2 p3 p1 p2 p3 

------------------------------------- ------------

T1 3.6 3. 3.6 9 . 1 1s 1s 21 29 21 15 21 15 

T2 9.1 9. 1 9. 1 15 21 1s 21 43 23 15 29 20 

T3 7. 2 7. 2 7. 2 11 19 13 21 36 21 1 5 26 19 

Mean 6.63 6.63 6 .63 11 • 7 18.3'3 14.34 21 36 2 1. 6 7 15 25.34 18 

------------------------



Trials 

-
p1 

---
T 3.6 

1 

T2 9. 1 

T3 7.2 

Mean 6.6 

APPE NDIX - XX 

Anaerob ic spo re fo rmers count (MP N/100 g) in processed c~eese 
stored i n different types of packages at 7-s 0 c &: 80 pe r cent RH 

---------
P e r i o d o f s to r a g e ( da y s ) 

-- -- ----
0 30 60 90 

------------- ----------------
Type of package 

----------------------------
p2 p3 p1 p2 p3 p1 p2 p3 p1 p2 p3 

----------

J .6 3.6 7.2 14 7.3 16 23 19 14 21 19 

9 . 1 9. 1 12 19 14 19 39 23 15 28 20 

7. 2 7.2 g .1 16 13 19 39 21 14 23 19 

6.& 6.6 9 .4 3 1 6 .3 4 11 • 43 1 8 33.67 21 14.34 24 19.34 

--·----------------------------------------------------------------------------



Evaluation card for numerical scorin g test for 
quality attributes 

Product: Processed cheese Made on __________ _ 

Stored at ----------- Teste d on 

Please rate the samples for quality attributes acco rdin g 

to t ti e f o 1 1 ow i n g g r a de de s c r i p t i o n s a n d s co r in g • 

---·---------- ~~--------------------------~~~ 
Ou a 1 i t y Gr a de Des c r i p ti o n Seo re 

App e;;~;----Bod;~~-d---Aro ~-~d 
texture flavour 

Excellent 19-2 0 38-40 38 - 40 

Good 1 7- 18 3 2-3 7 32- 37 

Fair 14-1 6 27- 31 2 7- 31 

Pao r 13 or b e low 26 or b elo w 26 or 
below 

---------------------------

( 1) ( 2 ) ( 3 ) 

1. Appearance 

2. Body & texture 

3. Aroma & flavour 

Remarks , if any 

Signature : 

Date 
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