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% e " ABSTRACT
\'b " " 7 2

7 A heat-stablé protease T25 secreted by Pscudomonas fluorescens from raw

milk was used to accelerate the ripening process of Cheddar cheese,. Its. effects on

the growth a;uj activity of starter cixltur_es'}‘séd in Cheddar cheese mnnuhcg.uring .
were also fested: The “presence of bacterla protisss. (T2§) sxevted.indiveet
influence on the“‘grbwth (‘;f starter cultures. The Additit;h of the pmtn;ee to milk
used for Cheddar chetse mnnuhctunng caused dll‘l’erences in the growlh puuerns

of bactena dunng the first month of ripening. There was 3 Lrend in the lowenng .

of percent ‘total fat, protem, mtioge}n, moisture conteqt and yield (dry wnght) of

i the cheese to >which bacteria proteaSe was added, The pH changes uh;rvved‘in a

the control cheese sample diring agmg were shgh!ly higher than_the. strmple . -

contmmng the bacteml protense A zradunl degradmon o{ ag,-casein lracllon

-was, observed m the protease trealed cheese dunng aging. Also, T25. pfalense

gwes bener actmty with ‘a-casein as a suhstrate compared to other casein

. Tractions. Addition of this batteml pra!euse (5 mg/L 9.45 mg/L, 10 mg/L and

20 mg/L) to pnstennzed milk pnor tg the addmon of rennetlng agent. (porcme' .

pepsin) in the manufacture of Cheddar cheese by the conVentnon.:\l method, results
in a product which- is ‘able to achieve hiéher inténsity of cheddming fln:mur

(P<0 05] nnd higher prefePence score (P<0.01) within 6 months of ngmg when

. cempared to th(t &t the control cheese not coutalmng the bacterial protease. No

off-flavour or'.b’iuemess was detected in the p:obeue treated cheese throughout




~

L & . U= : i 4 §
the ripenin;'i.\eridd. The textire of the cheeses remained fine during aging. The

remly of this study. indicates lh'lt the protease T25 se‘creted by l;-udwmnua .

fluorescens is 2 suitable agent to lcéeizrqle the ripening process of Cheddar

cheese. . i . .
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Introdiiction -

1.1 Historical . : T
’ Dairy pm_difcts are am&xg the most " popular foods and” constituté an.
important item in man's diet. Mi’lk prodiction and z?a"ny industries occupy 5
prominent position in agriculture in general and ix! food proces'sing in parficu‘lar‘ .
Dairy pl_‘Oduct5 as.we know them‘toda‘y, eg. buttermilk, cream, and c‘heeses,_nre :
"produced with a high degree of know how and sophistication and with special
attention and-care for the flavour aspects of these products. Cheese, in particular
is made in almost every country in one form or another, and in the developed
world where annual cheese consumption is the highest. 7 )
& There is no- real knowledge of the origins. of cheese or cheese‘making‘ but
' t%earliest records of human activities refer to cows and hilk. These may be

foupd in Sanskrit writings of the Sumarians in 4000 BC, in Babylonian records of ~
o~

2000 BC, and in the Vedic hymns (Chapman and Sharpe, 1982). There is also

. r;;f'erence to cheese in biblical timés. .They dre recorded in the Old Testament in

the book g{ Job 10:10 (1520. BC), 1 Samuel 16:8 and 2 Samuel 16:29 (1170-1017

) ) .
BC). But written history is scarce until the periods of thé' Greek and Roman

Empires when various authors have left written evidence._ The brépamgion_ of




) R
cheese probably dates back many centuries to the tir.ne when nomudi:lrihos of
eastern Mediterranean countries carried milk of domesticated mammals in sacks,
made from animal skins, or gourds, or in vessels‘such as stomachs or bladdery. If
kept warm the milk rapidly became sour and sep\arale;l into curds and ‘whey. I
the whey -was drafed from the curds, the latter could be .dried to form a firm,

cheésy_ mass that c&\gd be eaten [resh; or stored and eaten over long periods. In

** this way‘'much of the food value of milk could be preservedrfof use when supplies

of liquid milk were not available.. - B ) . e
.

In time it was fourd that the secretionfrom the stomach. of a young

- ruminant had the power to coagulate milk, which also reduced the time required

to drain the whey from thg curds. This eventually led:to the use of rennet, an
ex!ract.ed enzymic seic’retiol\l from tl;e fourth stomach of a young <alf; lamb or kid,
ti;bring about the coagulation of milk, which is the first step in the process of
chgesemaking as it is pm‘:tised today. . The cheesemaking process described by De
Re Rustica in 50 AD shows that there had been a gmd/m[ evolutiop, from the

Hiolled orod

acidic curdling of milk by naturat fe i to_the of a

' form of curd which could be preserved (Columella, 1945). [This knowledge s-pre:;d,

throu‘gh the countries of the Roman Empire. In Britain there is no positive

evidence of cheesemaking before the Roman bénql{ust, though presumably’ some

* form of milk curds were used. Dmi,}ngf‘,lhe ensuing ygars of Roman occupation,

however, cheese became a well known food. Palladilis, who wrote a treatise on
*Agriculture in Britain® 300 years' after the/: conquest advocated that
cheesemaking should take place in early summer, }hnl milk should be curdled

with reanet obtained from the stomachs of the/kid, the lamb or the calf or,
‘ . / .




alternatively, by the milk from the fig tree or teasel flowers. This is the first
«
| direct evidence of the coagulation of milk by-agents other than natural acidity,

and by rennets of vegetable as well as adimal origin (Chapman'and Sharpe, 1982).

It was not until the bgginning of ‘the present century that cheesemakers |

developed the modern practice of using carefully selected pure strm?pf the

4 bnclenn, compnsmg th’e "starter® cultures, which were deliberately fadded to

cheese mllk in standard nmounlts depending on the type of cheese required.

Different ways of making cheese'»;ere de‘velgpeli in different cour;tries..énd
in &ifferent areas fvithin a countfy, as the outcome of éxperience and to suit local . :
and market demands. '}‘hese chedses, whatever the country of origin, were the
forerunners of varieties which have been stabilized and named, and have assuined ™ &
‘Iocnl, national and often international importance. 4
By 0

. 1.2. Types of Cheese
Whilst there are over 400 .vayieties of cheese, there are only about 18
distinctly different types. Many varietie§ are narfiéd after_their place of origin

and differ from one another only in shape and method of packaging; their method

of ¢ h istics being very similar.. All varieties of

ure and general
- patural che_esés are made from milk. “They can be divided into three main class‘es,’
i'_ile, soft, l;ll‘xe-veined‘.n;ld hard-pressed cheese.. They vary widely in_moisture
content and, therefore, in keeping quality And “thethod’ of npenmq The
chumclenstlcs of a particular cheese vanel.y are governed .not only by the
composition of the st_nrter ‘culture, bu'. also by the tempernlure of manul’acture,

. . wa A . o 8 . “y




the coagulant used to gel the milk (}'I!ymo§in or'a mictobial substitute) and By the T
secondary microflora which may be present as chance contaminants (eg. aoe-
starter lactic-acid bacteria) or introduced into the chee;rn.mlki.r;g process

déliberately (e.g. spores of Penicillium species): A ) . N

s ‘ L ¢ . : .
“Soft ‘cheese curd\ztﬂns a high préporlion of moisture (whey) (55-80“‘)-
' Some varieties are eaten Tresh (Cambndge, Cuulommler Boidon, “eted), whilst-
others are npened us\lnlly by the growth of sul‘l‘ace moulds (Brie, Cnmcmbcrt:

l?ont lEveque, etc.). ‘Semi-soft ch_eeses, such as Lu_nhurger, Tilsit anq Brie, are

made from slightly firmer curds (45- 55"' moisture) and are ripened by the surface

“growth of _"' i particularly ' Linun These are the

smear-ripened cheeses.

Blue-veined cheeses, such as Stilton, Roquefort and Gorgonzola, are’ made

% ;
-from semi-soft/semi-hard curd with 42:529% moisture, and are ripened by species

of Penicillium moulds which grow within the cheese.

The semi-hard cheese, such as Edam and Gpu&a. are' made fram firmer curd
with a moisture content within the range of 45-5075. The cheeses are ripened by

bacteria and are consumed within 2-3 months.

The hard-press;d cheese are made rmn; firm, 'ruI;!{vcly dry curd (35-45%
moisture). Tbe¥ are ripened by bacteria and mature slo;;ly over a ﬁeriud of 12
months. In some varieties such a‘s.(‘heddx;r chéese made from”calf-rennet, the’

' aging time cnn be as long as 1-3 years. Acld is developed in the curd of Cheddlr

and Cheshire cheeses b_el'ore they are salted and pressed. In: other varieties (eg



w

L = B

Emmenthal and Grnye}e) acid is developed while the curd is draining and being

pressed, but before it is salted.

*~ The very hard, grating cheeses, such as Parmesan, Romano and Asia;

mnd; from very firm curd. They are low-moisture cheeses 62&34%). ma:

.partly skimmed milk and’iare.ripened by .bacteria. slowly over a peried of 1-2

" years. LT X gy

= O

. The coesistency of a cheese, its firniness or imdy, is determined by certain
basic factors, eﬁd control of- these is essential to_ensuie that the pruperties are
chnrxcteristic of the variety and will |;rovide suitable conditions for correct
‘npenmg Sotmess is favoured by high m{usture content, high fat conteut and

extensive proleolysls The oppusne of thiesé features -charactense lhe hard |

varieties oI' cheese with firm body.
q
The variety of cheese w be produced in any class is determined by the:type
oI' mllk used the prepnratmn of the young curds, and the mclusnon in the milk or,
curds of certain micro-organisms responsible for the develapment of acidity during -*

f: and the develop: of ch istic featutes and flavours during

ripening. The t);pes of bacteria or moulds which, by their growth during

cheesemaking or cheese-ripening, participate in the process, are determined by
diti " i

deliberate inoculation of specific organisms, of. and

environmental factors.



1.3, World Production of Cheese tk
— )

b ) ) .
contributions to civilization. Historically, these foods have enabled pdpulntions to
survive penods of . famine; nutritionally, they provide elements vital to godd

health, makmg them- desirable suglcs in n?n.ns daily diet; and geogmphlcnlly.
|
they lend " themselves: well to realistic preduptlon in many developing countries.
s I . , 0.
w»~Cheese has even been used as a form of curTency It is usually. an indispedsible

* item in mountain.¢limbers’ knapsacks, and in Swnzerlnnd the Snunen type is held

for years to commemorate nnmversanes, bu-ths and weddings (Koslkowskn, lO:a).

“Gheese production has increased by four million tonnes from 1981-76. This

= '
‘Cheese and fermented milks are among nature’s most important )

is equal. to an. annual increase of 4.4 % (Seott, 1981). -According to the

information from FAO Yearbook (1984), total world production of cheese is 12.4
5 ;
million metric tonnes. Table 1-1 shows the production of cheese if various areas
|

* oftheworld: -~ " f

1.4, Nutritional Advantage of Cheese L

Cheese comes in all sizes and shapes and have different names. Cheddar

ot ¢ - o
cheese; one of the most popular cheese is also one of the cheapest sources of high
protein value (Scott 1981). Cheddar chese originated many decades ago in the'

little village of Ch.'eddm, England from which it spread throughout the 'wérlgl. .

The increase in total world cheese production c}.n be attributed to the nutritional

_advantage of cheese over other everyday foods.
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~ . Table 1-1: WORLD PRODUCTION OF CHEESE (ALL KINDS) IN 1984

~ Area of the World Production Countries included and -
« (Metric tonnes) their production in (MT)
E 3 = ,
Africa . P 378123 ~ . Egypt 244,250
i f
] North America " 2631415 CusA © 2,402000
. / CR Canada s 220,415
- /i :_ Soufh America 428700 - Argentina A 210,000
s . Brazil . 50,150
Asia 3 674,684 * China 123,479 N
s Japan 70,000 .
. Oceania 275,000 Australia 160,000
New Zealand 115,000
Europe 8,122,200 UK 245,000
France 1,250,000
USSR . 1,659,000

Total World Production (1984) = 12.4 million metric tonnes *

MT = Metric tonnes

. Source: FAO Productior Yenrlzook; Vol. 38, 1984. Food and
” Agricultural Organization of the United Nations (Rome 1984). . N

~




1.5. Ripening of Cheese ,

e involves changes in the chemical and physical properties

Ripening of ¢l
E:

of the cheese ied by the devel of ch istic flavour. Di"erent

varieties of cheese& hx.ve dlﬂerent methods of ripening | (Koslkowski 1985). Table -

1-3 indicates different methbds of ripening of various types.of cheese.
. 3 i ; i

(

F resh young -cheese purd is tough and, ‘sometimes rubbery It consists
mamly of ‘protein, fat and molsture, in varying proporuons dependmg on the type
of cheese, together with ‘small amounts of salt, lactose, lacuc acid, whey proteins
and minerals. In ripenibg, this curd is gradually dlgested: by enzymes, and the

- | .
mature cheese acquires the firm, or plastic, ‘or soft Imdy‘ characteristic of the

partieular variety. The chemical changes responsible for ripening cheese are: (1).
]

fermentation of lactose to, lactic acid, small amounts of acetic-and propionic acid,
s I
carbon dioxide and diacetyl, (2) proteolysis, and (3) lipolysis. .These changes are

brought about by enzymes from (i) the lactic acid bacteria of the starter culture,

(ii) noo-starter bacteria in the milk, (iii) the rennet; rel[‘met paste or rennét

_Substitute used to coagulate the milk, (iv) the milk itself, ‘pnd (v) other micro-

organisms growing within or on the surface of the cheese. These metabolic
g i e

chnnges are ied by the of ¢h isti ﬂavour They‘are

affected by the size and composition of the young cheese, nnd are controlled by
the conditions of tempernture and humidity at which the °]"r'“° is ripened and
stored. Block stacking of warm cheese on pallets and block stnc\kmg of pallets can

influence temperature and ﬂavour differences between Iélock: Qf cheese' f[fom the

same makmg vat (Mmh et al., 1974).. Some vnnetes (e g Emmeqthal Camernbert

‘ i \ -
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Table 1-2: METHOD OF RIPENING OF DIFFERENT VARIETIES OF ~._
CHEESE =

_ " " CHEESE MILK  METHOD OF RIPENING _ '
.- ¢ 'Y HARDCHEESE . R
. e e s i . T
o ) N T - E— =
- - Asiago - Cowor’ Cured.for 0 up to a year washed and tumed

Ewe™ -~ [requently and sometimits rubbed with .
" .. . vegetable oil.

Cheddar  ® _Cow Cured at ,’58-50"F. for 60 days to 12 months.
~ Colby . Cow Cured for 60 days or more. -
Edam Cow Shelved in layers at 50:60°F for 6 to 8 weeks.

Washed, dried and turned frequently.

Elhmentalerz ‘Cow - Formation of eyes in3tod -weeks
(Swiss) ,at 72°F and 80-85% relative humidity.

Ripened at.40°F and higher temperatures
for 2 to 10 months. St

= ‘Gouda - Cow ~ Cured at 50:60°F for.2 to § months.

Gruyere Cow . Formation of eyes at 60°F in 1 month..
- Cured for-80 days or more at 50-80°F.
7

~ Parmesan Cow - * " Shelved for' 10 months or more at about :
_ 50°F and 85% relative humidity. Turned, and
. " washed, scraped- and rubhe& with-il from‘tlme [
- <Ry N to llme
+ Provolone cow ~ smoked and-cured at mso*’F ) .
: for up to 12 months. 5 4
: , o
ks . .Stilton . Cow Mold-mpened by Penicillium. mqm[nrh !

= « " for 2 weeks, cured for about6 months.




Table 1-3 Con'd . .

+ CHEESE . MILK  METHOD OF RIPENING

_SEMISOFT CHEESE .
8 | - . -
+ v % . Bleu . . Gost or | Mbld-ripened by P. roqueforti,
g " +- - (Blue), . T Cow . wcured for 3 months at 48“I:' 2nd-95%
St & owoe , Telative humidity, wrapped in.foil and stored in
‘ ! LI i  a’cool room for 2t03 months
Brick - Cow -~ Cured on surfacesby Bacterium linens for
y . 14 days, wrapped and stored for2tod months
; " atd0°F. . :
Gorgonzola ~ Cow Mold-npened by P. roqueforti, cured at
Lo > . . 40-50°F-and 80% relative hnmldlty fdp 30 days,
* = then at higher humidity for 3 to 6 months. [ (
Cow . +"Cured for 6 weeks or more at 60°F and i
< ‘ . . 80% relauve Immldlty
- Muenster | - Cow Cured fof several weeks at 50-55°F and
. < % relative humidity. + S \
Roquefort - ?Ewe Moldqipenedyby P._roquefarti. Held
Wheels ape’salbed.and stored in caves at *
tbque[' t at low' emperatureandrhlgh +

 relativetrumnidity for 3 months.




Table 1-3 Con'd

CHEESE

MILK

. METHOD OF RIPENING

SOET CHEESES

N

:Camembert *

f:

Liederkranz &

B Limbur_g;r y

‘Cow

Cow *

Cow

" 95% relative humidity.

Ripex{ed !;y a white mold; P: candidum, for 8 to. )

*11 days in"cellar or cave at;52°F and 90 .
relative humidity. Distributed within 14 days
‘under refrigeration:

5 B [ % 15
*" Ripened by P. candidum, on frames or shelves

“at 55°F and-about 95% relative humidity for 12

days. Distributed within 21 days under
nel'ri;eralfo'n. s, 8

Ripen‘éd by~B. linens for 3 to 4 weeks at,
45°F.

R vR&i.pen:d on surface by B. linens and
cured on shelves for 3 weeks at about 55°F and

5
.
- 0
.
. o
- ¥



l and ;u]ton) reqnlre specml penods of conttolled temperatiire and hnmldm for lh:-

- ripeding provess, during whlch bacterial or fungal activity pruducos specific

changes in-the body, texture and flavour of the cheese. Ripening is then &ﬂlpwcd

cheeses_ without eyes (e.g. Cheddar and Parmesan) are stored «at constant
temperature throughout, the r‘ipé’ning period, and maturation may extend over
many months, &

Puring r|penmg, charactensuc chnnges—mke p]ace in the body, texture, .lnd

ﬂavour of the cheese The lerm 'body' is nsed lo descnbe the consistency of i
cheese, and “includes such’ attnbutes -as firmness, elasncll.y,. plnsnmy .and

coheslveness Texune describes the structure or presence of *holes® within the

cheese. 'Development of- charagteristic ﬂavour and aroma compounds during the

pmcess of npemng are caused by the action of micro-organisms and enzymes

which break dovis proteius, fas 3ad carbohydrates and, in some cases, metabolize

lactic acid, lac!nte nnd citrate.

The: changes first occur in a crude way: the original curd, with a coarse

structure and a different degree of dispersion, changes into a more or less plastic,
- . X o v %

h b often including holes; the'structure is either uniform or

shows a stepwise ripening indicated by dirr'erenynym, On the surface, we mostly
find a.developing rind, and ofteh a growth of mold cultures is seen either on the

surface or inside, the cheese substanice.

In addition to visible properties, there are chemical changes taking place.

by storage until s cheese is readhwle. Other varieties, particularly the hard«



At first they are noticeable by the evolution of a characteristic odour for each

cheese, which varies in intensity and is often highly esteemed by the consumer.

b

Among the three of the cheese - protein, carbohydrates and

fat, the protein is often decomposed significantly. The main change is in the

casein component, which is separated from milk either with rennet or acid.

D position of -the carbohydrs i.e. lactose, also plays an
important role in the ripening process of cheese. Decomposition of fat is of

particular significance in mold-ripened cheese.

. 5 g s
The chemical changes are usually catalyzed by the enzymes formed by the

microorganisms involved in :ipgning. and far less often by enzymes which are
derived from .the milk. The main causes of cheese ripening, an; micmbiolngi‘c-
and enzyme-induced changes. Among "the ripening reactions are the
decomposition or synthesii of a wide variety of substances, such as proteins,
‘peptides, amino acids, carbohydrates, lipiés, nucleic acids, organic acids, various
carbonyl compounds, growth factors from the groups of vitamins, prosthetic
groups of enzymes, and,finally, simple decomposition products, yych as carbon '
dioxide and n‘mmon‘in Various products of protein bydrolysis,-as well as fatty
acids and lhelr esters or ketones, may be present in varying amounts in the
cheese.’ This produces a complex mixture of components which give the required
balance of ll;vour {Fryer, 1969) chiatacteriatio for the variety. The starter '
bacteria die out during ripening, as do most other,organisms present in the curd,

ludi i ‘and | s Only the. lactobacilli, which may be

present in fresh curd’in small numbe’rs, multiply, and these may reach levels of
10% to 108 ¢! in cheese in 3-8 weeks (Sharpe, 1970).



1.6. Present Problems A iated With Ch ki

Until recently, calf rennet has been the traditional coagulant used in cheese
manufacture. Cheddar ;heese prepared with an enzyme extract from the yoyng
calf produces a high quality product after a long aging time of 1-3 years at a
temperature of 10°C. The x;ged product is referred to as ®old®, *very old* or

. "sharp' Chedd;r. -lt commands a higher price than freshly sold or *mild®
Cheddar. The lengthy ;ging times are an impediment to the cost efféctive

«production of *old* Cheddar cheese.

In addition, a:decline‘in the number of calves slaughtered nowadays and an
increase in world-wide cheese production has resulted in a short supply of calf-
rennet (Cheeseman, 1981). These factors have led to an active search for suitable

offering a ive price ge over the | calf-rennet
coagulap! (deKoning, 1978). Today, the majority of cheese made in the world is
prepared with alternative enzyme known as "rennet substitutes®. The commonly
used rennet substitutes are porcine pepsin,‘bovine pepsin, and’ proteases [mr;l
‘Mucor miehei. In 1974, two-thirds of the cheese manufacturing in the.United
States utilized rennet substitutes oblainex{ from sources such as Mucor miches,

Endothia parasitica or Mucor pusilus (Huang and Dooley, 1976). Rennet

substitutes differ from calf rennet in sub: pecificity. " Asa coh more
intense or less specific -breakdown in"the cheese casein may occur causing low
yield of curd and- defects in the body and. flavour of the finished product.

Another disad ge of ly used rennet substi is that they do not

facilitate the ngin“g protAss in Cheddar cheese manufacture as effectively as calf

. b * N



rennet. As a result, they are ly employed for the duction of *mild*
Cheddar cheése. In the specific case where porcine pepsin is employed as a rennet

substitute in Cheddar cheese manufacture, it.is known that the enzyme is

unstable at the pH and. ployed during the *Cheddari stage of
the process. As a result, Cheddar cheese prepared using porcine pepsin as a .
renneting agent ages very slowly compared to the Cheddar cheese prepared with

calf-rennet..

Cheese ripening is a complex process brought about by enzyme or enzyme
systems provided by bncteriﬁ, moulds and yeaﬁu, changing gradually the fresh
rubbery curd o b mellov: ey product having characteristic flavour and aroma.
The aging of Cheddar cheqse is affected by the type of coagulant employed in the
renneting step of cheese x’naking. Generally, the more expensi\_re calf-rennet is.
employed for the preparation of "old® Cheddar cheese because the resul_lin;
product is of good quality. Aging of Cheddar cheese is also facilitated by the use -
of raw (not pasteurized) milk or. of plrtially pasteurized milk. The maturation of
Cheddar cheese is also influenced by the temperature of aging. Most of the hard
varieties of cheese like Cheddar cheese réquire a long period of maturation. For
this reason significant cost goes to provide time for ripening and storage. The
investment by cheese industry in storage time during ripéning of only Cheddar
cheeQe is'equivulen!. to about 19.5 million dollars a month (Jamil Ud Din Warsy,
1083). It was estimated in early 1976 that the lgink cost was 1.3 cents per pound

of cheese per month (Jamil Ud Din Warsy, 1983). Since l_.hen,.due to inflation and

has

energy costs, (h; cost for cheese
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In order to alleviate this problem, many investigators in different research

lab have pted to 1 the ripening process of Cheddar cheese.

Figure 1-1 illustrates different methods used for accelerating the ripening of

Cheadar cheese (Ridha et al., 1984a).

Figure 1-1 summarizes the different methods used to accelerate the ripening
process of Cheddar cheese. Some of thestethods Emplo‘yed include: the addition
of ﬁ{)-galumidasé to milk (Marschke and. Dulley, 1978; Ridiia. et al., 1083 and

- lﬂélb\, the ndditio;l of spdcially lréatedvcells_ of mesophilic l.i;ctic acid bacteria
(Dulley et al., 1978), the.addition of Cheddar cheese slurry - and/or the addition
of protease and lipases (Law, 1978). The primary objective of the former. hree

methods was to increase the number of micro-organisms and their enzy fos in

cheese with the aim of ing the flavour in Cheddér_ cheesé.

The latter method involves the a}ddition of enzymes from animal or microbial
sources. Nowadays, a limited number of products are available commercially as
cheese ripening aid, e.g. f-galactosidase (Maxilact™, G. B. Fermentations). * The
1

used to

: N . &
the ripening process are neutral protease of

Bacillus subtilus, acid protease from Aspergillus orrysae, alkaline proteases from
) g, A

B. licheniformis (Law an¢ Wigmore, 1082), and proteases from Kiuyveromyces

tactis (Grieye et al., 1983). The bacterial mutants used includé Streptococeus

laetds lac” mutants (Dulley et al., 1978).
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FIGURE 1-1: DIFFERENT METHODS USED FOR ACCELERATING
THE RIPENING OF CHEDDAR CHEESE

Treatment or additives Treatment or additives
“of the milk . to the milled curd
L ﬂ-D~;a-hc‘tosidm A. Proteolytic enzymes

(i.e. neutral proteinase)

2. Lysozyme treated cells

g B. Mixture of enzymes
(i.e. proteinases
peptidases and -
lipases)

3. Aged lactic acid .

4. Thermal shock /

treated cells

5. Mutant strains C. Cheddar cheese
of starter culture 5 slurry




1.7. Limitations or Drawbacks of Present Process

The disadvantage of using raw milk is that undesirable micro-urgnnisms.

(e.g. pathogens like Salmonella species or spoilage organisms) may be present.

Hence, the cheese manufacturer does not have the desired control over the. final

quality of-the product and for this reason either the practice of using raw milk for

£ King is di 1

d or banned by reg y agencies in most provinces.

'

Increased nglng temperntures may adversely affect the normal flavour
balance due to overproducnon of some classes of compounds e.g. free fatty acids,

peptides and sulphur ds. © High es. .may the

proliferation of and spoilage organi: (Law, 1681). The use of
exogenous proteinases, though they give strong flavours in cheese in relative short
time, they often induce flavour defects and flavour imbalance (Law, 1983).

Commercial proteases having a high ratio of endo-to exo- peptidase activity tend

to cause excessive gross proteolysis leading to abnormal body or texture -

development. Some may ‘even cause bitter off-flavour in aged cheese.

The efficacy of using p-galactosidase (lactase) to enhance the flavour
development in Cheddar cheese has been suhjec!ed to critical scutiny. This is
partly due to the lack nf de[mmve evidence as’to the relative efficiency wuh
which cheese microorganisitis IIHIIZE Iactose and glucose and gnlaclose (Law,
1984). lt has been shown lhnt commemal lactae used to accelerate cheese

ripening contain contaminating pmteolym enzymes (Law and Wigmore, 1083).

Most attempts to accelerate typical flavour development in Cheddar cheese
& :




have been impeded by the difficulty of maintaining a flavour balance. Son‘w of
Lhrp?o’bleng were apparent from the incidence of rancidity and bitterness. In
1975, Kosikowski and Iwasaki used the mixlures_ of ;-omexjcially available
preparations n;:f fungal rennets; .neutral u}d acid proteinases, peptidases and

Ii|‘nses to produce strong navou{s in cheese in one month, but rancidity was

parti ly iceable. Their liminary finding indicated that fungal acid’

d fungal decarboxyl: did not ribute to cheese Tlavour.

The efficacy of lipases u‘s‘gents for rapid ripening of bheddgr and rel_ated
types is open to interpretation, beﬁaps because the notion_of 'typical'mature
flavour® has.changed as this type of cheese has been made and cons;lmed in more
and more counu:ie_s. However, attempts to accelerate the development of typical
favour in English Cheddar cheese using commercial lipases have failed (Law,
19.8{); the lipases were screened for their ability to release either short- or long-
chain [any acids in order to differentiate between their effects on flavour. The
long- clmn (C,5Cyg) fatty acids ‘released by a Mucor meihei lipase produced an
unpleasant *soapy’ flavour defect, while the short-chain acids released by animal
esterases produced an unclean flavour. Many levels of addition were investigated
but these enzymes either produced no flavour effect at all or they produced
defects; no compromise could.be reached whereby desirable flavour cquld Se
enhanced without defects. Even when they were added together with proteinases,

the lipase did not accelerate the formation of typical flavour (Law, 1984).

= \
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1.8. Objective of This Study

The presence and metabolic activity of psychrotrophic m‘icroorganisms in
milk and dairy products affect the qnnlity’ of finished product (Stepaniak et al.,
1082; Law et al., 1970; Cousi‘n, 1982). It is hypothesized that the addition of heat-
stable protease to p‘aslellrized milk prior to the addition of a renneting igent (e-g.

calf rennet or porcine pepsin) can result in a Cheddar cheese which matures. faster

" than the control cheeses (not’ containing the added microbial protease). ln-this

'study, an attempt was made to test this hypothesis.. Porcine pepsin was used as a

renneting agent instead of traditional calf rennet because from the preliminary
study of using a commercial calf rennet as a reﬁneting agent, it tends to give rise’
to bitter taste in Cheddar cheese whereas when porcine pepsin was used as a

renneting agent, bitter taste was not detected. The reason is that the commercial

+ calf rennet was not 10095 pure calf rennet. Moréover, the following aspects of the

heat-stable protease were also investigated:-

1. The effect of the heat-stable protease on the total and free amino acids
in the Cheddar cheese during the process of ripening.

3

. The effect of the protease on total bacterial counts during the ripening
of the Cheddar cheese.

. The effect of the protease on the growth of the starter cultures grown
in synthetic medium. .

©

A

. The ‘effect of the protease on the breakdown of caseins in ripening of
Cheddar cheese. >

o

. The effect of the protesu on the composition of the Cheddar cheese
was . examined specially’ with respect to tatnl lipids (fat), protein,
moisture and total nitrogen, content.



Chapter 2

The effect of heat—sta.ble protease
from psychrotrophic pseudomonad
"(Pseudomonas fluorescens T25),
on the ripening process
of Cheddar cheese

INTRODUCTION

Cheddar cheese prepared wnh an enzyme extracted from young calf *calf-
rennet® produces a high quality pmducb_but it also requlres a long aging time of
1-3 ).'EM_‘S. A si‘gniﬁcanl proportion-of the operating costs go to provide space for
Cheddar cheese ripening. The storage time required is longer’[o.r cheeses with
long ripening times. Cl;eese manufacture is now a capital-intensive industry
which benefits from a high rate of turnover and the running costs and .interest
chiarges involved in cheese storage represent a significant proportion of the total
cost of cénverting milk into cheese‘ (Law and Wigmore, 1982). Therefore, the
) lengthy aging time is an impediment to the cost. effective production of "old®
Chéddmr cheese. Any shortening of the time cheese is kept in store therefore
represents a worthwhile saving provided ‘that flavour development can be
acc?lerated without impairment of llnvqur balance. <In addition, a ‘:lecl'me in the

" number of calvés slaughtered I%andnys and on increase in world-wide cheese
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production’tend to aggravate the problems faced by'lc’ﬁigy‘induslry. Finising the

is method but while this may

storage temperature of the cheese is the most.obvi

speed up flavour-forming reactions, it ‘lso speeds_fﬂfz off-flavour formation and

may promote the growth of unwanted microbial’ contami ch as. mo\jids;

selective methods of accelerating ripen‘ing of cheese are therefo;e

factors have led to an active search for sumble substitutes ofl’ermg a compnmuve’

price ge over the traditional calf- t If

i . - . o
Raw milk from different locations may contain psychrotrophi¢ bacteria

capable of producing heat-stable proteases {Adams et al., 1975; Barach et al.,

1976; Richardson and TeWhaiti, 1078} Griffiths ¢t al. 1981; Marshall and

Marstiller, 1881; Stepaniak et al.; 1982; Kraft and Réy, 1979). The presence of

these heat-stable proteases in l;nilk may have direct or indirect effects on the
.subs‘eqneut quality of dairy products especiall‘y'cheese. The influence-of these
heat-stable proteases on various aspects of cheese-making is little Understood at
_the present-time. Hick et of. (1082) and Law et al., 1979 have studied the
influence ol psychrotrophic bacteria on the yiefd and quality during the
preparanon of Cheddar cheese In an attempt.to cut down the hlgh st of cheese
production {nced by the dmry industry by shcrteumg the aging nme and wnthcut

affecting the quality of Cheddar cheese, a type of heat-stable protease from

psychrotrophi d d (P  T25) was used in the

present study. This type of microbial protease is easy to prepare because it is
) ) T, necey

secreted by the organism in the medium supporting its growth.

quired. Thesg 5




e “* MATERIALS AND METHODS
4 * -

"2.1. MATERIALS

Sons Ltd). Most of the bacteriological media aq& reagents were purchased'ﬁ:om

~ Difeo Laburntz;rié,s (Detroit MI); nll other c‘hemicals were ;)l' analytical grade nndl %

were purchnsed either Irom ngma Chemical Co. (St bollls. MO) or fmm Bnush

® . ’ Drug House Ltd
2.2. ME'{.‘HODS ) , e
)2.2 1. Source of M|:l"nhhl Pro‘wue
A heat-stable protease of psychrotroph\c origin was used to accelerate the
ripening of Cheddar cheese. The strnm of the bacterium used was Pseudomonas

fluorescens §T25) and was‘isolated from raw milk by the methdd described earlier

by Patél et al (1983a).

2.2.2. E\lyln! Preparation

P. fluorescens (T25) was grown'in Trypticase Soy Broth (TSB) (BBL
“b|ology Systems, Cockeysville, ‘Md.) contammg 12% skim mllk powder
- - mcnhated at 25°C for 4 IQ 5 days on a shaker (Psychrotherm, New Brunswick

‘Scientific Co., New Brunswwk NJ) For maximum enzyme producuon. tbe

culture (0.1 t&*U %, vol/vol) was inoculated into several 500 mL Erlenmeyer :

flasks, each containing 125 mL. of sterile medjum. Cells were remov(e‘d by
ceﬁtrifugatiqn at 8000 x g for 15 min in a centriﬂ_xge (Ivan Sorvall Inc., Norwalk,
Conn.). The clear supernatant.solution was decarted and extensively. dialyzed in

7 Coa .
Samples of raw milk were purchased from a‘local milk plant (Kelsey J &’

-

o
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( 20 mM Tris-HCI buffes, (pH 52) The dia]yte.d ext;’aé.t was lhe urce of the
protease. When necessary, -the crude cell exlac! w.u concen!mted hy
lyophilization. The dry residue obumed nner lyophlhzatmn was redisSolved m a
minimum quanmy of the same buﬂer, anﬂ was dmlyzed ngums} the Trls-HCl

«buffer. Freezing and thnwmg of lhe crude enzyme prepnrmon Ind no ‘adverse )
eﬂecc on the protease activity. J . B

. 2. 2.3. Protease Assays ' . ’ .

L o . The protease activity was determined by modlﬂgd I-Full‘s method 1Pntel o

) al,,1983). The “substrate, ‘soluble casem,_ and enzyme samp]es were ex!ensavely

> . dia‘lyzed in 0.1M-of Tris:HCl buﬂer, at p[-i 7.5 before "usa The renctiun m'ixt’ure

contained the followmg (in a total volume ol 2 mL): Ls mL of Trls-HCl bn"er

S (100 mM, pH 7.5);0.2°t0 0.4 mg of enzyme proleln’ and 0:5 mL of substnte (l
soluble casein solnuon). The reacnon “mixture was lnquhated at 25; for 10 to 30
o min in a temperature-regulated water bath. ‘The reaction was stof ped by Addmg

- 1.0 mL of 5"‘ mchloroncellc acid soluuon Tl‘xe <precipitated: proteins were

E . ¥
vd . removed by i ion; and the ‘ i id-soluble_free aromatie”

amino acids in. the clenr uper’ solution were esti d by absorbance at

. 2&0 nm Tubes ccntammg either substrate and no enzyme or 3nzyme but no
substnte were included as controls.’ One enzyme umt 1EU) is the lmounl of
extract that releases 1 umol tyrosine equlvulent per min per ml at 25°C Specxﬁc

4
actmty is enzyme units per mg of proteip. The specific activity of. microbial *

.4

\ ®

Teue (T25) was about 0.15 EU/mg of pmteln
”
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2. 2.{ Cheddlr Chem Making

"The Cheddar cheesé was made by the cdnven!mnll method as dsmbed by

Kosikowski 1078 with some modificatiods. The process enlalls_the following
> steps: - -
L Rrepuing the starter culture . - - =
. \ . 3

" 2. Pasteurization of milk -

- 3.'A|;ldin; of Protease

‘4. :Adding of starter culture =
B Fnrmmg the curd (Addmg ol’ porcme pepsu!) a .
8. Cutting l.he curd’ : ‘
7 gook“nx tbg curd ' el 3 . . ) ' £
8 Duini.ng A o )
9. Cheddaring
) maﬁimng'
11. Salting I
12. Pressing the curd ¥ ¥ . 43

13. ilipenin; the young cheese

Two batches of ’heue were made in the laboratory. One with the addition

ol "microbial prolem (9. 45 mg/L), and -the otﬁ!r was a control (le Without' b

adding h’terhl protease), Duphute experiment was repexted .’gywnlhs later.”

Chemical analysis and sensory evaluation were carried, out ‘on both batches of

cheese at their respectively ripening period of 3, 6 and 9 months.
y

\S
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2.2.4.1. Preparing the sc.mr‘ Culture

Oné litre of homugemzed whole milk was heated to a temperature of 88°C.

It was held dt this temperabure for 30 min. The milk was coo]ed to roqm

temperilure. One per cent (10g/L). of lhe ccmmercml frozen *starter"

(S te | culmre, r‘ i Products, Miles Lab. Madison,
USA) containing a mixture o' 2 factis arid 5. mm.evas added. It
was/| left at room temperature overmgh! to allowthe:culture to grow and set the
mik, C I . o #F

2'.2,4.2. Pu'te’urlz;ll.:ion of Milk: ¢

As'a rule, the milk for ‘making a ripened cheese is raw or partially
pasteurized. Fully pasteilrized milk also serves, but the pn/rtinlly puteu}ized'kind
is the.commoner choice. It appears:that' the enzymes from the micr{»orgz\nisn}s

that survive the lower tem&urg give risé to a'better flavour in the cheese,

Sixteen liter batch of raw milk, purchased from a:local milk plant was

heated to a temperature of 63°C. It was held at this temperature for 30 min.

2 ¥ . % .
T)xjs process is known as pasteurization. "It bas the objective. of killing the

h thnl‘m"e ible for i fectiou diseases. The milk was then cooled

to 30°C. ’ j

12,243, " Addition ol‘ Heht—Stnblc Microblial Protease’ . -
Heat-stable prot&se ('NS) was added to the milk nfu.-r\n had cooled down
to 30°C. The concentratmn of théadded enzyme was 9.45 mg/L. For the control .
chcue, this step was omitted. \ \\

T ) N




' cook-through of the curd by increasing the surface arga. -
o

27

2.2.4.4. Addition of Starter Culture
.
The pH of the starter culture was recorded. The starter culture (80 g/16L)

was added, with constant stirring, to the pasteurized milk (16 L) After the

“addition of the starter culture, pH of the milk was recorded at a time interval of

30 min until a pH drop of 0.03-0.05 was observed. The final pH was 6.4,
2.2.4.5. Addition of ClottanLEmme, Porcine Pepsin )

Mllk was tnnsformed into a smooth, sohd curd by the addition of a .
coagulating enzyme. ~The enzyme used was porcine pepsin (l:l.0,000 Sigma
Company).. A concentration of 10 mg/mL of the coagulating enzyme was used.
The porcine pepsin. which was in.powder form was first dissolved in 20 mM of
ace(nte’ buffer at a pl'! of 5.3. The volume of the enzyme added was 45 mL/16
L. It wis added to the=milk while stircibg in deder to prevent localized
cougul’nior’u.‘ Altef the addition of porcine pepsin, the millk was left undisturbed
for 30 min at 30°C. '
2.2.4.8. Cunlng The Curd

At the end of 30 min sterilized cutting wire knives were used to cut the

large bed.of curd in the cheese vat horixanmly and then vertically into cubes

¥ about 1.5 cm on a side. This step increases thé surface area. The purpose of

cutlin‘g or Sgelking the curd is to speed whey expulsion and assist in uniform
~

| L)



2.2.4.7. Cooking The Curds
* The curd, when first cut, was soft and the coat surrounding the particles
was open. Stirring the curd gently until the first flush of whey has left the curd

. particles was necessary to prevent undue crushing and loss of fat and curd dust.

The temperature of the curd was increased gradually by 1°C in every 5 min

" to a final tempe}nture of 38-39°C. The curd was stirred occassionally. Scalding
or cooking the ¢urd causes the protein matrix to shrink and expel more whey.
The increase’in le;nperuture alsa speeds up the metabolism of bacteria enclosed
within the ecurd. L;;ctic acid production increases, the pH declines, and this
acidity assists in shrinking the particles to e;pel more whey.

The optimal cooking temper@ture for Cheddar cheese is 37°C.  Cooking
*ontinued (gr a period ranging from 1 to 1.5 he The pH of the curd and the whey
was checked every 15 min,
2;2‘4.'& Draining or Dipping X
When the curd pH was 8.0, the :}Egv was removed by draining. This
. process permanently separat® the whey from the curds. The curds were bundled

in two layers cheesecloth and squeezed out as much whey as possnble,
2.2.4.9. Curd Knitting or Cheddaring ’ &

The curds were then spread into the. floor of the aluminium container or
" cheese vat at an sngle. in the form of 4 to 5 blocks. The lcmpemtu’r’e of the
container was maintained at 3&-30°C./The blocks were turped, piled and repiled

on top of one another ;very 15 min for a lplml of 6 turns. The process of piling

and repiling of blocks of warm curds in the,cheese vat is known. as cheddaring.

»
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lD,urin‘ this period, lactic acid increases rapidly to a point where coliform bacteria
are killed by the free hydl:ogen ions. Futhermore, as the curd blocks were repiled
their structure Mattens, and any holes or eyes qri;in:]ly present lose their identity
in the den';rmed curd. :Therelure,.lhe step of cheddaring controls the moisture
and transformd the curd into the characteristic texture of the Cheddar cheese.
The whey released during cheddnring.w‘u periodically removed by using a pasteur
pipette. The pH of the curd was checked and after the final turn the pH should be
between 5.3-5.4. : : '
2.2.4.10. Milling

Alter cheddaring, solidified curd was brokgn up or *milled® n::d salt was
mixed into the curd before it was finally pressed into shape. The curd was cut
with a sterilized kni{e’igm small cubes of about 1 ¢m thick. The milling stage
also brnvidu for aération and cooling of the curd. After milling, the curds were
wei?hed and the weight was recorded:
2.2.4.11. Salting

Coarse salt (sodium-chloride) was added to'the curds to suppress the growth
of unwanted l;lﬂel’il, to comr\ol)he growth c‘l w:nlecll ‘micro-organisms and thus
the rate of ripening, to nﬁ;t,lhe physico-chemical changes in the curd, amd to
give Tlavour to the cheese.\ The amount of coarse salt added was 2.3 g/100 g of

curd.
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'some modification and changes.
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2.2.4.12. Pressing

In the pressing stage, the curd was confined in 8 wooden cylinder under
external pressure from the top. The main aim of cheese pressing is to form the
loose curd particles into a shape which is compact enough to be handled, and to
expel any free whey, and complete the curd knitting.

"

Pressing the curd sllgnid be gradual at the begining because high pressure at
first compresses the surface layer of the cheese and c;;n lock moisture into pockets
in the body of the cheese.. The pressure applied to the cheese should be per unit '

area of the cheese and mot per cheese which may vary in size. The amount of

pressure applied to the Cheddar cheese was 56.25 kg/cm®. The Cheddar cheese

was pressed for a period of 24 h.
2.2.4.13. Ripening i
\ s

At the end of pressing, the cheese was weighed and the weight was recorded.

The finished product was yacuum-pnck;sed in Cry_uvac bng§ and slor;d in an /
incubator set at a temperature between 5-7°C for aging. The chemical and
physical changes during the process of ripgning of cheese have been described in
section L.5 of the Introduction. ’ Y

2.2.6\. Mol T Content i /

‘The moisture content of the Cheddar ‘cheese was determiped'b); using the
conventional oven method as described in the Official Methods of' analysis -

published by the Association-of Official Analytical Chemists (AOAC, 1980a) with



- 2.2.6. Fat Determination

31

A ckln and dried round, flat-bottom weighing yial.together with the lid was
weighed in an analytical balance. It was then dried in an oven at a temperature
of 104°C for 2 h. The vial and its lid was laken out from the oven and cooled in
a .dessicatoh When it was cooled, the vial and the l|d were weighed in the

balance and the weight was recogded. This procedure was repeated several times

until the subsequent weighing showed mot more than 0.05% loss in weight.

. »

About 2—3.g of the cheese sample was'put into the vial. and the vial was
covered with a lid. It was then dried in the oven with the lid. opened. "The
temperatl‘xré’o{ the oven was set at 104°C and the sample was, dried for 24 h The
sample was taken out of the oven and cooled in the (;Eaicator ‘and’ then
reweighed. This procedure was repeated until a m’nstan! weight was obtained.
The loss in weight in subseéuenl weighing was expressed as the moisture content
of the cheese. A duplicate sample was used for both’ the protease treated ghezse

and the control cheese.

The fat content of the Chedda‘r cheese was determined by the Babcock
method which was described by D.M. Irvine in *Cheddar Cheese Manufacture®, a

manual published by Ministry of Agriculture andgfood, Ontario, Canada. Some

. modifications and changes in the procedure were made.

A 9-°g reépresentative cheese sample was weighed into a Paley bottle using a
Qpnwln with the flattened end for the transfer. A-10 mL aliquot of hot d|sulled

water (lSO"F or 65°C or above) wag added. e stopper was inserted and n was



shaken well in order to help in breaking up the curd. A 17.5 mL aliquot of
concentrated sulphuric acid was added a few mL at a time. The solution was
mixed thoroughly after each addition. Final colour of the solution wu‘choculsle
brown. It.was let to stand undisturbed at room temperature for 4 min. The
Paley bottle containing the solution was centrifuged for 5 min at 600 rpm ina
Optima I BHG centrilugef After that, watér at a temperature of 150°F (60°C or
above) was added up to the base of the reading tube. The contents of the bottle
was mixed thoroughly. It was‘centrifuged again for another 2 min. Hot water .
was added until the fat column was within the gradusted portion of the reading
tube. It was centril:uged for another 1 min. - The bottle was then pfnced ina
water bath set at a température of 54 to 69°C for a period of 5 min. Two or
three.d_rops of glymol (or pa.ra‘fﬁn oil) was ac‘lded and the percentage of fat was
read from the graduated portion of the teading tube. A diplicate sample of ‘éach
repreéenlative snmple‘ol lh‘e protease treated u__vge‘u‘ns the control Cheddar
cheese were used for the fat determination. ‘The average of the reading of each

representative sample was expressed as the fat gonleni of the cheese.

2.2.7.. Total Nltro;en'De!:ermlnnﬂon X
* The total nitrogen of the Cheddar cheese was dete;‘lined by Macrfy-kjeldahl
method as d;scribed in the AOAC Manual, 1980b with some modifications and

changes. 8 .
* b
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: /"" 2.2.7.1. Digestion . L
Tecator Digestion System DS-8 mbdel (Tecator AB. Box 70, S-26301
HGGANAS. Sweden) was used. A 0.5-1.0 g of the cheese. samples (both the
protease treated and the control cheese in duplicate) were Vweighed into the
digestion tubes. An empty digestion tube was used as a blank. For mh tube,
kjeltabs and 10 mL of concentrated nitrogen-free suvunc acid was added. The \\
= " ‘tubes were then placed in a digester which conslsts of an electrically heated and
thermo;tlted alloy blbc.k with room for up to 8 digestion tubes. The tube_s were
then c‘ovg;ed with glass exhaust caps. Normally, the digestion temperature
selected was in the range.of 370-420°C. The tap was turned oh for maximum air
'ﬂow through the Exhaust System. Heat shields were placed on the digester, one
at the front of the digestion tubes and the other at the rear of the tubes. The
heat shield was used to inv:rel._u the t.eminnlulre.in the digestion tubes above the
blocks. It usually took about 30 min lor‘ the digester to reach the working
temperature ihel" it had been switche‘d on. The mixture was heated gently until
frothing tu‘sed. After about 1 b, it was heated briskly. Once digestion was under
'way, the acid would reflux high up the tube walls, and any residue would ‘be
washed down. If the exhaust airflow was kept down during the later part of the
. process, this refluxing would be aided. Digestion was completed when the
__material inside the digestion tube was colourless. The digestion was continued for
a short time after the‘mnterill was colourless. It usﬁnlly required about 2hto
complete the digestion. The tubes should be rotated at interval during the
digestion. The samples should not be allowed to char. It might be necessary to

add more sulphuric acid during the digestion.
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Once digestion was completed, the tubes were lifted out of the block with a
gloved hand complete with their exhaust caps, and allowed to stand in l‘hp stand

to cool for 10 min. A 75 mL of distilled water was added to the tubes. The tubes

“were swirled as the waterlwns added in-order to avoid the precipitation of the

sulphate. “They were coverkd with parafilm until distilled.
2.2.7.2. Distillation

Distillafion was carried out in Kjeltec System 1002 Distilling Unit. (’l;ecalor
AB. Box 70, S-26301 HOGANAS, Sweden). A 50 mL of 40% sodium hydroxide
was added to each digestion tube and 25 mL ;r’;oric acid solution was added to
each receiver tube. A digestion tube with a digested cheese sample and 50 mL of
40%”s‘odium hydroxide was attached to the distilling unit. The tube was twisted
a q‘narler of a turn to make sure that it was properly sealed to the ‘ruhh;r
adapter. , A receiver flask with 25 mL boric acid was placed on the platform and
thé platform was moved to its upper. position. The protection (lioor was pulled
down: The handle for dispensing alkali was pulled down once. The set amount of
alkali would be dispensed. The steam valve was opened to start the distillation.
The timer was set to the time previously determined (about $ min). . When the
signal- sounded, the platform with the’ receiver flask was moved to its lower
positon and the distillation was let to proceed for a few seconds to clean the tip.of
the glass tube. The steam valve was then™closed and lhel‘proleclion door was

opened. The diges‘zion tube was removed ‘and placed on its stand. The receiver -

flask was also removed from the distillation unit. When removing the digestion i

. P
tube, the teflon tube should be placed in the met*clip.‘\ This made it possiblé to

put on a new digestion tube without touching the teflon tube, which niter a



»normnl distillation had some drops of hot alkali A new digestion tube was
attached to the distillation unit and a new receiver flask was placed on llke
pI‘atfon‘n and the plntfon‘n was moved to its upper position. The procedure was
repeated:in the same manaer for all the other samples including the blank. Total
volume of distillate collected in each flask were recorded.
2.2.7.3. Titration n@’ Calculation of Results

The samples were then titrated by adding s‘tindar,d 0.1 M sulphuric#acid
until the indicator turned grey or very faint. The volume of the ac‘;d used was
recorded. The blank used only a small amount of titration acid. ¥This blank
value was sub‘trnxlcd from the sample \(Hlues. The percen‘mge of toEal nitjogen
was calculated from the formula: ~ B

(a—ln x Normality of lacid x 14.008

©5°Nitrogen =
gsamplex 10 -

/\vhere a = mL of titration acid-for the sample

Tb= the above mientioned blank value
i

€5 Nitrogen was converted to % Crude Protein by multiplying with the

Kjeldabl factor of 8.38,_

2.2.8. Détermination of Citrate-HEI Soluble Nitrogen

Citrnt;—HCI soluble nitrogen in the cheese. samples was determined by the
method of Vakaleris and Price (1080]. They deteloped o rapid method. for
estimating the degree of proteolysis in ripening cheese. The method involved
measuring t‘bg §bsqrpt‘ign of ultraviolet ligh't by a clear; sodium citrate
hyd!ochlorigd‘l-exlrm of cheese at pH 4.4°+ 0.05; these' measurements were
closely correlated with the per cent of soluble nitmg; ‘in the cheese extract.

. ) ©
. 5 %



" Concentrated Hydrochloric At‘id 116 M

Solutions required were:

Sodium Citrate 0.5 M R |

Distilled water

i

A 12.5 g of the cheese samples (control and protease treated cheese) were
wexghed Each samplr was transferred into ‘a-clean and dried blendor. 50 mL or
0.5 M sodium citrate soluuonrand 100 mL of, distilled water were added. ‘I’he

# v

sample was blended for 7 min at miximum setting. At the end oI"_l min, (I{e

cheese extract was then' transferred to a 250 mL volumetric flask. It was left at

room temperature until it cooled down to a temperature of about 20°C.. Distilled

water was added to bring the volumes to 250 mL in the volumetric flask. The

- .
extract was then mixed thoroughly.
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The hydrocbloric filtrate consists of the following composition:

Sodium citrate cheese solution 100 mL 4
1.41 M hydrochloric aeid . 10mL | °
Distilled water N I5 mL ¥ o
pH of the filtrate” . 444005
- S
. i

. . N ‘ -
The filtrate was centrifuged at 10,000 rpm for 10 min in a RC-5 Superspeed

* Refrigerated Centrifuge (Dupont Instruments Sorvall, Norwalk, Conn.). Alter

that, the filtrate was filtered through”a Whatman Na.42 filter paper to obtain a
'
clear sodium citrate HCl filtrate which contained the hydrolyzed portion of cheese
protein soluble at pH 4.4. The filtrate was referred to as cheese extract, and the
nitrogen present in this extract was termed soluble nitrogen. *
wd Ve : :
SA— N

An aliquot portion, e.g., 25 mL of the cheesg exttact; was diluted with the

same volume of distilled water; this raised the pH from“ 4.4 + 005 to 4.5 + 0.05.
A
This dilution was made to bring the absorbance in tke range of from 0.3-to 1.0 in

& v
which the Beck Du-8 h ‘(Beckman Instruments, Inc,

Scientific Instruments Division. Irvine, CA92713) gave hccurate and reproducible
results. One-centimeter quartz cuvette was used. The|absorbance of the filtrates
were measured at wavelengtl{s of 270 and 290 myu. {\

I
The moles of tgine and tryptophan were - calculated by using' the

equations given below: (Vakaleris and Price 1959)

My, = (0.95 Agyg - 131 Aggg) ¥ 10°? \ ) .



p = (0.307 Angq - 0. 020 An.“j x 10°

where Ml =.Moles of tyrosme perTlmlsoluuon contmmng
' . % the mixtare of these two amino acids -

¥ Ml = Moles of tryptophan per lne; of solution contnmmg
the mixture of these two amino acids

Agqq = Absorbance at 270 my

Anpgo = Absorbance at 200 myu

The blank was made up by using the following composition:
B .

0.5 M Sodium Citrate 10mL
141 M Hydrochloric Acid 5 ml,
Distilled Water 111 mL § Ak

2.2.8.2. Estimation of Soluble Tyroslne and Soluble Tryptophun in

\/\ . Cheese Extrﬁ:t .

v ’_llf : Tyrgsme and trypmphnn present in the cheese extract in’ the lorm‘ of I'(né
amino acids‘ and in peptide linknge' e rcl'erred\lo as vsolubl;, Some of the *

R J decomposition products of these ino acids .may contribute to the
- nbsor‘bm‘wy and thus, may be included se two expressions. . .
i Y b ol

The calculated values were then doubled to give concentration of ssluble

tyrosine and soule tryptophan 'x“no[es per liter of undiluted cheese extract. .

o _Soluble tyrosine and soluble tryptophan can be expressed mmnr 100 g of
. ’ . % . :
cheese by multiplying the concentration in millimoles per Iiterg‘fl'hunse extract by

the factor of 453 l.‘br t};rosine and 510.5 for trypmphunE(Vaane'rh and Price 1959).
. & P &

'y e e




.2.2.8.3. Determination of Amino Acid Col.i‘p‘o-ltlon s

. ~

‘The total amino acid composition of. citrate-HCl soluble fraction was

* determined by mixing 1 mL of the clear filtrate and 1 mL of concentrated HCI

, The solu(lon\wu put'in a hydrolysale luwmlyzed under vacuum at

110°C for 24 h. Free amino acid in the citrate-HC extract was made up of 3 mL

of the clear filtrate only.\ 2

Bo(h !he‘:hyslalomcnl Jge and total amino acid of citrate-HCl cheese

extracts were p:rl’nrmed with:a Beckmnn model 121 MB Amino Acid Amhyzer

* using the. methdds- descnhed Jn Beckmau bulletin 121 MTB—013 To determme

.

. \J
were nged lor 3 6, and 9 months i an in

free amino’ -clds the mme-HCl ntruct was mixed with 4 volumes of 20%

sulphosalicylic acid to pmcnpxtate i)mtem prior to analysis.
£ .

The results of the athino acid analysis wete m‘{ulnted and the graphs of
- 5 ¥ Iow 2 .
ehan;e in conc@htration of each individual amino acid*was plott:d as a lunction of
slorage time -and listed in the append\x secncn Physiological total amino-a8d

was rel’erred to as hydrolyule amino acid in lhe figures in the appendix section.

2.2.9. Sensory _Evaliuﬂo. of Cheese . .

v

"Both the prgtease treated a3 well as the contrdl cheese were evaluated by

the raﬁking test |L‘rmond, 1982), The cheese employed for sensory evaluation

b tobain ot

ata ' of .

5-7°C The pneluu were 3l trained. to dutect the' cheddar flavour o&the ¥

* Cheddar’ e,heeu.; A com;xferculy *medium® Cheddar cheese (Kraft" Company)

was also Inclndﬁ in these tests. Six trained pn:eli;u were proyided-with nm‘nber-



¢

coded cheese samples (axaxll:m). They were asked to rank tpesamples for the
intensity of cheddarinﬁ/"rlavour‘v The sample which had the sharpest cheddnrfng
l‘lavour was ranked fu;ll. The snmple-wblch had the second sharpest rh\‘dd:‘lng
rlavour was ranked sdeofid and so on. The ranks were converted to scores
. accurdlﬁg to the ‘riethiod of Fisher and Yates (1949). Analysis of variance

(ANOVA test) was also cafried out. The results of the scores were subjected to

statistical anah’sis to determine whether the samples 'were signiﬁcnntly different

at the 5% and 19 levelg (Larmond, 1982). A samp]e o[ the taste’ pam'l form was
auached m the appendix section. R d ‘_ 7
! s '
In addition, a prel’erence test for the etperlmenlal cheeses at dnl'fcr(-ni period
w[ﬂgmg was also carried out by th— trmged panelists. Samples were rated on a 0
point scale where 9§ corresponds to *like extremely well* and I correspands to
*dislike extremely®. They were also asked to comment on the tekture and any
off-flavour or bitterness of the cheese samples. Thg- results were tabulated.

-

In order to

protease (T25) on the quality of Cheddar cheese (ospecmlly in terms of chedd:\rmg'

favour, and texum), Cheddar cheeses with dlrrerent concentratmns (5 mg/L 10

mg/L and 20 mg/L) were made using the same method and also subjected. to,the

same treatment. They were stored’ at a temperature of 10°C' for ripening.

Sensory evaluations” were-carried out at 3, 6, 9 and 12 months using the above
~

method. The results were tabulated. -

' ' g ¥ b A

. )

etermine the effect of different concentrations of bn(-m'i:\l.

r\‘ *



2.2.10. Determination of pH of Cheese Samples
Cheese samples (3 g approximately) were grated into an open sterile petri

plate and then transferred into a tube. The electrode of a pH meter was pressed

into the tube until a layer of cheese completely covered the electrode. When a
stable pH reading was observed. it was recorded.
* .
+ Q
13
A
. . -
.
-
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RESULTS

2.3. Chemical Composition of the Cheese Samples .

2.3.1. Moisture Content

Moisture content of the cheese samples was determined by the method

* described in,chapter 2, section 2.2.5. The results was tabulated in the following

table:
Table 2-1:  Moisture Content of the Cheese Samples
Cheese Sample Moisture Content (3)"
Batch1 " Bateh2
Protease 3747 38.90
Control’ 43.80 30.82
Commercidl® 310 - 3130

Data are the mean values for duplicate determination for one lot -
of cheese.  ° z #

2 = § " !

2 Kraft *medium® Cheddar cheese. The commercial cheese sample was
purchased at the timé of sensory evaluation and did not reflect the r
aging. o




2.3.2. Fat Content
Fat content of the cheese samples was determined by the method described

in chapter 2, section 2.26. The results were given in the following table:

Table 2-2: FatsContent of Cheese Samples

Cheese Sample Fat Content (%)

Batch 1 Batch 2

Protease ’ 27.0+1.00 20.540.60

Control ' 30.0+0.50 . 33.0+1.00
Commercial® 33.2 ! 33.2
s b °
'

_'Dnla gre\the average of 3 analysis for one lot of cheese.
2 Kraft 'S{r'ledium' Cheddar cheese. The commercial cheese sample was

purchased, at the time of sensory evaluation and did not reflect the s ¥,
aging. . . . ° %
=
‘
It
[
-
\
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2.3.3. Total Nitrogen and Protein Content of Cheese Samples

Total Nitrogen and Protein Content of Cheese Samples were determined by

the method described in chapter 2. 2
table:

- -~
Table 2-3: Total Nitrogen andProtein Content of Cheese Samples

7. The results were given in the followimi

6.38. o \

Data -are mean values of duplicate determination for one lot of cheese.
2 Kraft *medium® Cheddar cheese. The commercial cheese sample was
purchased at the time of sensory evaluation and did oot reflect the

| LN e Ty

”Cﬁqese‘Su.nple Total Nitrogen (%) Crude Protein i
=L . Content ("&)I_ "'
, ' Bathl = Batch2 - Batchl Batch 2
Protease " 361 3.40 230 Tz
Control 4.28 3.63 273 23.2
.
Commercial® 415 415 265 T2
IProtein was calculated by multiplying Kjeldahl N by a factor of’ ~




2.3.4. pH values during aging of Cheddar cheese samples
pH of Cheese samples during aging was determined by the method described
y in Chapter 2, section 2.2.10. and the results were given in the table below:

Table 2-4: Average pH valyes during ripening of Cheddar cheese

r'd Time of ripening (months)
-
. Cheese Samples . (] 8 ] 9
. 4
Protease (T25) 4.95a 5.20b 5.35¢ -5.38¢

Control . 4.90a 5.32b 5.52d 5.60d

Data are mean values for triplicate determination for one lot of cheese.
Values bearing different letters differ significantly at P <0.01 level.
Comparisons are made by columns and rows. .
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2.3.5. Sen'sory Evaluation of Cheddar Cheese Samples

Sensory. evaluation of Cheddar Cheese Samples were conducted ;lsing the
method described in Chapter 3, section 2.2.9. The results of the sensory
evaluation scores at the agigg period mnnd 9 months old Cheddar Cheese

samples were given in the table below:

an Tnble 2-6: Sensory Evaluation Score for Cheddar Cheese Samples

(Batch 1)
' ~
Cheese Samples ¥ Mean rank score”
8 Tl TImB (months) -

3 months 6 months 9 months
Protease (T25) ¥ +0.65a +0.75¢ +0.83e
Control -0.052 -0.1:4d -0.17d
Commercial® +0.30b +0.35bc +0.40be

“Numbers followed by the same letter are not significantly different »

at P<0.01 level. Comparisons are made by columns and rows, n=86.
1=sharpest cheddaring flavour. N
2 Kraft *medium® Cheddar cheese. The commercial cheese sample was
purchased at tlie time of sensory evaluation and did not reflect the

aging. =




Table 2-6: Sensory Evaluation Score for Cheddar Cheese Samples

(Batch 2)
N ¥
o .
| o
i Cheese Samples - MhQn rank score
P Time (months)
\w
3 months 6 !mmiths 9 months
. Protease (T25) +0.58a +0.77¢ +0.85¢
Control -0.08a -0.18d © [0.20d
Commercial® +020b +0.34be +0.38bc’

“Nuymbers followed by the same letter are not significantly different

at P<0.01 level. Comparisons are made by columns and rows. n=6.

1=sharpest cheddaring flavour.

2 Kraft *medium® Cheddar cheese. The commercial cheesé sample was
" purchased at the time of sensory evaluation and did not reflect the

aging.
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Table 2-7: Preference test for Cheddar Cheese Samples

¥
Cheese Samples Mean score”
’ Time (munl{hs)

3 months , . 8 mont# 9 months
Protease 6.67a 7.48d 8.15h
Control 5.32b— 5.01e 4.70i
Comercial® 8.00c * - 85c— 8.54¢ a3
TKraft *medium® Cheddar cheese.' The commercial cheese sample was
purchased at the time of sensory evaluation and did not reflect the 5

aging. - A *
“Values followed by the same letter are not significantly different

" at P<0.01 level. Comparisons are made by columns and rows. n=8.

9=like extremely and 1= dislike extremely. *

2.3.8. Yield of Cheddar Cheese Samples

The yield of the Cheddar Clieese Samples were cnlculated)in terms of wet

weight and dry weighttof the curd. The dry weight was determined at the etd of

the pressing l;eriod. Wet weight was determined before pressing. The results

were recorded on the Table 2-9. T




Table 2-8: Sensory evalution of Cheddar cheese made with porcine
pepgin angd different concentrations of bacterial pmtensz {T2s)

Cheddar flavour " Sample Process i Aging time
Intensity rank (Montfs)
la . _Kralt(medium) + ‘conventional 6-12
2a Porcine pepsin conventional 3,
3b PP!4+T25(10 mg/L) conventional (ka
N 4c - PP+T25 (5 mg/L) conventional V3
S¢ PP+T25 (20 mg/L) - conventional 3.
. la PP+T25 (10 mg/L) conventional 6
2 PP+T25 (20'mg/L) conventional . 6
3b PP+T25 (5 mg/L) conventional ° 6
4b Kraft (medium) conventional  « 612
e - Porcine pepsin conventional ) 6
la PP+T25 (20 mg/L) conventional 9
2 _PP+T25 (10 mg/L) conventional B]
3b PP+T25 (5 mg/L) conxntional . / 9
4b Kraft (medium) conveitional 8-12
5S¢ Porcine pepsin conventional 9
13 ¢ PP+T25 (20 mg/L) conventional 12
2a PP+T25 (10#hg/L) conventional 12
3b PP+T25 (5 mg/L) conventional 12
a 4b Kraft (medium) conventional 12

S¢ Porcine pepsin conventional 12

'PP=Porcine pepsin.

Numbers followed by the same letter are'not slgmﬁ:anlly different at
P<0.05 level. n=8. Comparisons are made by rows only.

Kraft *medium® Cheddar cheese. THe commercial cheese sample was
purchased at the time of sensory evaluation and did not reflect the
aging.

=



Table 2-9: Yield' of Cheddar Cheese Samples :

“ 4
Cheese Sample Wet Weight ~ Dry Weight ~ Wet Weight  Dry Weight

(e) (8) ° (@ 13

Batch 1 v Batch1 Batch 2 Batch 2
Protease (T25) 956.1 860 7300 656.7
Control? 1000.3 985.9 886.7 845.5

IYield of cheese (dry weight) from 8 liters milk.
*NoT25. -

Wet weight refers to weight before presing and the dry weight i is the
weight after pressing. Yield refers to the dry weight.
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2.3.7. Amino Acid Composition 3-
® A% J
Both the hydrolysate and free amino acid of citrate-HCI cheese extracts
during ripening were "determined by the method described in ‘Chapter 2, section o

2.2.8.3. The results of the amino acid analysis were given in the tables listed in

the appendix.
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DISCUSSION

The presence of free amino acids in the curd of a ripening cheese‘pluy a

very important role in the contribution to the general background rlnvour of u//
specific type of cheese (Mulder 1952, Scott 1081, and Virtanen et al., 1048.), Free
amino acid changes in great amounts B}ld various proportiops during the ripening
process. Many of them increase éreatly durin‘g the period of“ripening; some oceur
oGl el mcinks Bt sorag are deomposed very rapidly by specific eniymes.

Ni blicati lid

o1 these findings on the dynamic aspects of the

ripenin‘g’process (Ali; 1960, Ali and Mulder, 1961). .
A ) :
Free amino acids bave been thought to indicate the extent of ripeing in
cheese. One of the functions of lJIe free amino acids is to l‘orm a "pool* rmm
which other compunents or flnvour or. aroma sre forrhed (Szon. 1081). Many of ’
thiese are amines formed by decar.boxylnses and havg - included pulrekcfnu,

fL

cadaverine, taurine,

and tryptamine (Seott,
1081).
-
" -
Dependmg on the |nd1v1fél taster, amino .acids have a distincl first taste,
. nllhough an anertaste may differ dlghtly The first taste of ih\fgllowmg ummc'
acids appears bmer - methlomne, hxsudme, lysine, tryptophan, leucine, iséleucine,
arginine, phenylalanine. Tyramine whlch is not an amino acid but a derlvnllve
from tyrosme also contribute to the bitter taste.
. - .
The following, amino acids appear to.be sweet - serine, glycine, slanine,

The following irp

yproline, proline, ic acid, valine,




» .
those amino acids which 4re t@minal in the peptide chain (Scott, 1981). * .

.

-

. » .

e A
*broth-like* in taste - aspartic acid, glutamic acid, while the following have little

2 . )
or no taste - asparagine, glutamine, tyrosine. A rubbery taste is given by cystine

€ .

(Scott, 1981). -
PR L. T - N
Peptides from Ll\e degradation of proteins exhibit flavours accurdin‘g to.
- : ) 'S

R
~ - .

" . The keto Acids produce con—ljpound_s'leadin{h,<!istinctive flavours or :;romas.

and are formed from ﬁctose, _fatpy acid: :&teins or amino acids and include

various aromatic an’d aliphatic kgtones_(Scétt, 1981). . « N

The Ketones, are similar to the ‘aldehydes in regard to their reaézious-y

both groups have intense fla_vo’ur or aromatic chnra\c\te tic (Scott, 1981).

f = )
" . Ly
Ln«v\u al. (1976a) considered amino acids to be the-intermediate products in -,

thé" production of certain aroma compounds -in se.  Therefore, the
. s % n W - - v

Yo ?y

measurement of the levels of free amino arids is useful in ‘the invesligagioﬁ on,

intensity of Cheddar cheese. 1
flavour in ensity o hed frc eess‘ ~ i

= cat o
4 *There is a trend in the relation between the, age Oagheese and’ thej_soluble

’ tyrbsine.in the gheese exte¥et,* (Vakaleris.and Price,'wha). Pievidus studies Nave

shown that the flavour igtensity of Cheddar cheeses positively correlates with free

amino acid content and the content of tyrosine and soluble peptides containing

ris ‘and Pri‘ce, 1950). © The results of our studies indiﬁted 2.,
- B . 5

fl ionsof the ‘ tratios" in bydroly2ate amino acids as well as free amino

ds during. !ipening period oﬁ_Cheddar cheese as shown in” Fig.A-1 ut;d Fig.A-2,




All the figures referr;d to in this dlscusslon are in the .—\ppondw section. The

overall change in free amino aclds in prolease treated Cheddnr cheese was slightly

higher than that of the control (as showh in Fig.A-2). Individual {m and total

amino acids showed ﬂnclunuon in great amounts; and also in various propcruom

dunng the npemng process (Fig.A-3 - Flg A-48). &lany of lh('m increased gn-nlly
during ripening; some occurred in- Pnly smlll amounts and some were decomposed
i/ery rapidly. Our resilts mdxcnled -that the free amino mas in, ﬂlrate—llCl
exsract that increased during the ru_:emng process are phenylalamne, glyeine,» '
isoleucin'é, leucine, threonine, lysit;e nnd’glulafv\ic acid’f T.h"' chjan'gcs in the free”

- amino kcids during the ripening’ period may be due ‘to enzymnii‘c: 'degra_dntion of *
pePli.désvby Avmiou‘s microorgnnﬁl‘ns and also from Aminc: acid inzeicunveni;n.
excl“e‘tim‘l:snd (degmda!io'n;l’oi'o et al., 1985). A *

Conc;nirhtiou of’s_’olub!e tyrosine (mg/100 g of cheese) reacl\:ed its maximum
peak in 6 months for ths protease treated cheese.(l“ig,l\--ﬂ). Sensory evaliation
conducted at 6 months npenmg ume showed tbnt the cheddarmg flavour of the
protease treated cheese wa$ slgmhcnnlly higher than |hn!. of lhe control cheese at
both 5%-and l % lével (Table 2<a) At that penod ‘some trained panelists even -
“indicated that the p:ro!ense trefued clseese had the strongest cheddaring flavour

’ among‘ all th‘eénmplu‘ The strong Cl;eddar !Invo‘ur may be in part dcrived ‘I'rcm

sulfur gontaining amino nclds (Slngh und l\nstolfersen. 1969; Manning, 1078) or ’

fatty aélds (Schormuller 1968). The i ';‘ of sulphydlyl i in
\Qavour formation and stahlhty has also been’pointed out by Kristoffersen 1067).
Sulphydryl groups are involved directly in th? flavour and o provnle the source

I‘or hydrogen lulphlde In ndr‘om sulphydryl groups stimulate gmtealyus and




fatty acid production, thus contributing greatly to the overall flavour control.

However, ultimately tfe devel of ch istic cheese flavour appears to
be determined by the ability of protein-based sulphur groups to accept hydrogen

resulting from oxidative ripening processes (Shankaranarayana et al., 1082).
- ]

Bitterness and"o[f-ﬂavour were not detected in all the protease treated
.cheese throughout the :ipel;ing p_eriod. A.JI the trained panelist's rated all the
samples are of good texture during aging. Majority of the lra‘ined panelist also
rated both the protease-treated and the commercial;cheese are of good qunlil& in
tenp! of cheddaring flavour, texture and also higher preference score than that of

- the control clﬁese.

\ - .

- . From thg, results orl the sensbijy evaluation of e!l‘ec‘t of differeqt
concentrations of bacterial prote;xse. (T2é) 0;1 the cheddaring ﬂavau‘r of L;l;eddnr
cheese, our, resl‘seems to show that higher co'ncentraﬁ:ms (10 mg/L and 20
mg/L) of bacterial protease (T25) gives rise to higher score of ¢heddaring [lnvo’ur
d;xrin; aging of Chedda‘r cheese, The resuits also indicates that Cbeddar cheese
made with bacterial protease (T25) ‘nncl porclne pepsin contnbute to better
cheddaring ﬂsiour (starting from 6.months of agmg) than the cheese made rrom
porcine pepsin and commercial Kraft cheese. According to the cotments of the®
trained pnnelis-ts, no ofr-rlnlvour was dm'c?d in_thg protease treated cheese

throughout the ripening penod and the texire of-all the chee!es remained good *

quuhty k |

The presence of py‘schro‘trophs or theitprotgases car result in the reduction
" 5
N -

Y

)
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of the yicld of cheese besides causing other quality defects. Hicks et. al., found

that psychtotisphs added to milk used for manufacturing of cheese reduced -

cheese yield,~This loss was.attributed to lipolytic and proteolytic activity of the -
psychrotfoflis. In the present study. total fat, protein and nitrogen showed lower
values than those in a control cheese witkout the addition of the bacterial
protease (T25). Since protease T25 used m\l.he e_present nvestigation was an’
impure solution, it may have carried lipase as well. Other workers have reported
that the breakdown products soluble in whey result in lower cheese yield due o'
them}livi!y of psychrotrophs (Cousin and Marth; 1077: Hicks et, al., 1982 Law et.
al,, 1976b; Nelson and \1;rshull 1977, and Yates and Elllol. 1077). The result of *
tr stud\ :xlso showed a slight decrease in yield of the (heddnr cheese in pml.enso
treated cheese as indicated in Table 2-19. Total nitrogen in whey from milk

inoculated” with psychrotrophs has been reported to be substantially higher

(Cousin and Marth, 1976, and Cousin and Marth, 1977).

In conclusion, the reduction in total protein, fat and nitrogen in Cheddad
? »
cheese‘coma'ining the bacterial, protease is consistent with the findings of other
workers (Cousin and Marlhamks et. nl;. 1982, and Yates and Elliot, 1977
According to the results af sensory evaluation, the ability of The protease treated
cheese  to lchleve the hlghesl score of cheddaring flavour within, 6 mnnlhl of u}mg
mdlcated that bucteml proleu.se T25 isolated from raw milk ns promising as a .

npenmg aid for mukhg Cheddar cheese by the conventional melhu(l!.




. Chapter_ 3

The Effect Of Microbial Protease
On Residual Casein Fractions
In Ripening Cheddar Cheese

INTRODUCTION
LQumu-al and microbial changes occurring during cheese-npemng have been
s(ud|ed widely (l\oslkowskl, 1978a; and Manh 1963). Most of these studles have
begn concerned with eithér the measurement of compounds formed or”
ifientiﬁcatiou  0[ microorganisms occurring during the ripening process.

Electrophoretic techniques provide an ideal méans for a novel approach to the

) study of cheese-ripening by detecting imporlant‘changek in the intact caseins of *.

cheese (Ledford et al., 1968). Gel el horetic methods are i i gly used to

study the nature and extent of caséin degradation in cheese.

In this étudy, DISC-PAGE was used to study the effect of microbial protease
(T25) m; the residual casein fractions in ripening Cheddar cheese. * ¥

. 1 v B “
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M,I‘ER].ALS AND METHODS

3.1. MATERIALS .

" - 5
3.1.1. Preparation of Ornstein Davis Gels -
h

Solutiéns for Davis Polyacrylamide el,ecuophomis are:

A. 1 N HCI 48 mL;, Tris base 36.6 g, TEMED 0.23 mL.\.\lake up to-100 mL.
pH 89. - B .

B. 1 N HCI 48 mL, Tris base 5.98 S*TEMED 0.46 mL. Make up to 100 mL.
pHB.T. ) .

C. Acrylarfde 28 g, b;s acrylamide 0.735 5.‘ Make up to 100 mL;

b Acrylamide 10 g, bis acrylamide 2.5 g. Make up to 100 mL.

E. Riboflavin 4 mg, add distilled water to make up tollpomL

¥ Sucrc:se 40 g, make up‘io 100 mL._

G. Ammonium Pemilplul‘e 0.14g, make up to 100 mL. . -

3 Y
Running buffer was made up of the following compositon: - ,

Tris base e " o8g
v

- Glycine ‘288¢
: . % %

Make up to 1 L with distilled water. Final pH was 8.3
- '

Sample buffer contained the following composition:
)

. Glyeerol s . @ e 10 mL A
- Sl )

2-mercaptoethanol 5 e
-

Urea S
Make up to 100 mL with distilled water. -




.

Lower gel was made up of the following cempostion:

Solution A 1l 5 mL
Solutiop C L 0mL
Distilled water = 5 mL
Solution G { : 20 mL
_Stacking gel was made up of the following composition:
" Solation B - L Joimg
. Solution D o 2mL
éolution E ) . . . 1mL ‘
SolwtionF 4 s amL .
N <
A
Staining solution was made up of.the following composition:
Coomassie brilliant blve 1 125g
Methanol T oarmL

Glacial acetic acid - 8 ! 48mL’

Make up to 500 mL with distilled Water and filter.
Co i

Methanol

Destaining solution was made up of the loilewing compdsition:

§0 mL
o .

Glacial acetic acid ' ) 75 ml

Make-up-to 1 L with distilled water -



32 METHOD X - 8
Twelve gel tubes (0.5 x 13 e—m) were cleaned by rinsing them in Photoflo and
dried in the oven for 2 h. At the end of the drying period, the gel tubes were
taken out of the oven and one end of the tube was covered with parafilm and
pl:u‘ed in a-fevel gel rack. They were filled with lower gel solution up to the 3.5
em mark with a pasteur pipette. Distilled water (200 uL) was laid over the gel
carefully. They were left A.l ;oom temperatuyé undis;urbed for 30 min to
polymeriu or solidify. --When the gels ‘werg solidified, the disliiled water was
.removed with a putéur pipette, and 10 drop‘s of stacking solution was added to '
each gel. Dislilied water (200xL) were carefully laid.on top ol each‘gel. ’!“he gels
» weré then left " to p:lymerize at room -temperature. When the gels were
polyiiierized, tho Wiber o thy 60 s gili was Fetioved by eilig s Pasteur pipetis.
The parafilm was removed from_ the end of th¢ gel and the gels were placed in &
Bio-Rad, Model |s$’ge1 electr;wphorsis cell. The adapv:ers were placed in the
chamber df fhe eleclrop‘hore_s’is ::'elIA The upper and lower sections of the c}:lmb!r
were filled with running bu‘r[en :
! : i
A'o.z g of}nch cheese sample (both protease and cont_rol cheese) were added

to 5 mL of 0.2% sodium citrate ining 0.2% of 2 hanol. The

mixture was left undisturbed at room temperature for I hour. At the end of I
hour, it was vortexed and 3.6 g of u(;wéra added. 'l;h@ mixu‘xre was heated in a
water bath set a l‘empernlur?e of 50 When all had dissolved, distilled water

Was added to make the volume up to 10 mL. *

Standards were used for comparison. They were sdlible whole casein,



a-casein, p-casein, r-casein and ‘x-casein (Sigma Company). Standards proteins
were also used and cheese sample wer‘e“ﬂed in duplicate.

’
Prolei‘s:\mpln (504L) were added to 50 4L of sample buffer containing 6 M

urea.s Three drops of glycerol I&Hﬂwed by 10 uL of 0.1% bromophenol blue
tracking dye were added to each sample. “Each sample was pipetted into the gel
“\ba inside the chamber. Running buffer was carefully overlaid on top of the gel
_tubes. Initially, a cn’r}ent of 1 mA was applied to each gel tube using. a Buchler
3-1500 Constant Power Supply. The current was i'ncrensed to 2 mA per glel tube
when the samples entered the poman of the running gel The el-tactro[;huresis was
judged to be complele when the Qromophenul blue dye was 1 cm from the bouom
of the tube. The gels were r.emn\/r\d “immediately from the glass tubes using a
syringe filled with distilled water fitted with a 21 gauge needle and were fixed in
14 mL of 12% trichloroacetic acid solutiatt for half an bouf. The TCA solution
were ponxed away and the gels were stained in Coomassie Brilliant Blue solution
overnight. Then the gels were ‘destained in destaining solution in a dll'luswn
‘ desuuner contnn% activated ehm:oll (Bio-Rad). Quantitation was nnempled

by dultomelncdcanmng of the gels at Agg, using DU-8 Spectrophoum\ter

1
r b
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DISCUSSION

) a
In 1977, Visser and deGroot-Mostert studied the effect of proteolysis in
Goyda. cheese using electrophoretic techniques. They found that in normal

.
aseptic Gouda cheese, o -casein was degraded rapidly and the degradation was

completed after one- month--of -ripening;.  p-Casein ~was ‘more resistant “to~ -

proteolysis. After 6 months, of ripening, about 60% of y% was still intack:
Law (1981) studied the differences in caseiti breakdown patterns between control
and enzyme-treated cheeses using PAGE gels scanned ‘3@/‘\590‘ He found out that

cheese treated with larger amount of proteinasgs_co‘qtained progressively less g-

.

sand a-casein.

According to fﬁ’e results -of our’ present study of the effect of bacterial

% .
protease (T25) on the casein fractions in ripening Cheddar cheese, as can be seen

/ i
" in the electrophoretic densitogrammes, a,,-casein I'raclionlwas degraded very

rapidly in 4 months old protease treated Cheddar cheese.” Only a small peak was
- e

TS P e when d to that of the

observed in th

standard a-casein. e,-casein [raction was degraded com‘pletely in 9 months old

Cheddar cheese made by bacterial protease (T25), ﬁ-f&sein appeared.m remain
undigested q!;ing this time as shown in Fig.3-1. FOI: a 4 months old protease
tre;\!e;i Cheddar theese, intensity of the a,l-cn.sein (raclion‘nppeared to be more
significant than the 9 months old cheese. This resuits indicated that o -casein
fraction .is degraded during the process of ripening in the protease llrenml
Ched‘dar cheese. Bacterial protease (T25) may help in the degradation of
au-;a‘sein‘ I'r‘action_during the aging. of Cbzddar_ cheese. };nr the control cheese,

-




- | ]

the effect of degradation of u"-casein fraction was not significant: Accordin} to

Mulvihill A\‘nd Fox (1979) .degradation of a“-casein is desirable for the
~ development of aged Cheddar navour,‘Whéreu, degridatioe.of, SFl Wapbe
undesirable and may result fo the development of bitter flavour. “She ability of
the protease treated Cheddar cheese to develop’its Cheddar flavour may be due

to the degradation of o, -casein fraction. The action of T25 may be due to

- proteolytic action rather than to contaminating lipase or nutrients. It could also

bé" gue .to. indirect stimulation’ of bacterial growth and consequent bacterial/

. . L3
enzyme action.. __~ ¢ E 4 ¥

- ' I

)
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Y-band

£-band

o{~band

icking dye

4 months old

9 months old

Soluble casein 9 months old 4 months old
Protease cheese Control cheese Control cheese Protease cheese

(standard)

Figure 3-1: Degradation of asl—cascin fraction by bacterial
protease (T25) in ripening Cheddar cheese using DISC-PAGE



Figure 3-2:

——
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Electrophoretic densitogrammes showing the degradation of

a-(s1)-casein fraction by bacterial protease (T25)
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. L) et kil .
In order to determine whether T25 degrades a-ixsein but not 3-casein when
incubated with whole casein or milk subsirate, 30 invitro experiment had been
?

C carried out prevlously iin our laboralory to determme'the substrate -specificity. of

Uy 7 prote:ues by uslng the methodo( Patel el ol.; 1983a. The results were listed in the %
e L. table helow. ’ N
- . { ' Table3-1: Sub pecificity of the.p from p ophi
* . * Pseudomonas. .
; . i S \
" Substrate %y ) Uo Relative activity
" T6 Tio Ti6 T18 .. T20 T25
. . . -~
Casein‘ 102 100 - 100 100 100 3100
. a-casein nd~ 104 (143 89 7120 125
N #-casein 03 84 80 .59 7 08 .
. rcalln 87 50 69 54 , 4l 51
« w-casein 08 nd ‘nd 90 Rt nd
v e “ BSAN 32 50" “o0 12 6 -0
. . Ovalbumin 7 0 0 [ 0 0
: Hb* . - 18 0 9 0 36 *9

The protease activity obtained in the presence of solubjréfuein as

a substrate wasg expressed as 100%. Activity detected in the presegce of

- other substrates is relative to that obtained with soluble casein. *

nd—no__t determined. ,

3BSA=Bovine Serum Albumin .
{Hb=Hemoglobin. e . E . \
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: . ‘Héat-Stable Protease 125
3 On The Microbial Counts.
In Aging Cheddar Cheese .
) i i “ e t
INTRODUCTION

The ripening of cheese is bro?lghl ubout through the agency of enzyme
svslems produced by bacterin which: have grown or are grow'\ng in, the curd. The
bnclenal pnpulanon of cheese cnrd is conununlly changing both in nnmbers and

» in speues On the llrst dayof a cheesemnkmg process the number in the starting

ma!rml mnged from 1 to ?.llhon per gram (l\oslkowskl, 198§]. The_renfgcr lhe

populnt‘ion declines because of insufficient oxygen, h{gh acidity and’the ﬁresence

of inhibitor‘y componnds that are pTc‘:duced as lhey cheese ripens. F‘o‘rlunntely, lhc.:

npenmg organlsms are sl!e and. perhnps beneficial. It is largely qhe action of their
- .

;lnv ur. - . . o

ccll}ar enzymes . qn Imcgose, ht and, protein that creates. the' ripened-checse, ‘

) " 2 | R
a ‘In this;study, we ltoked at the effeqt of mictobial protease on the bacterial
c.o.un‘u in aging Ch‘;dda cheese becnusejhenhslnblé protease iT25) was used to
accelerate.the ripeniﬁg process of Cheddgmacheese, In -uddiliol‘,' we also.

\e investigated the.survivnl of starter .culture in minersl salt medium with different l
. .1 4 .

“ L ions of heat-stable microbial protease,
{ R S




MATERIALS AND METHODS
o 4 ¢ ! . Ty r
P | 4.1. MATERIALS .t
Samples of raw milk were purchased fram a local milk plant, (Kelsey J& -
Sons Ltd). Ithe bnctenologﬁcal media and reagents werg purchase'd from’
Q . i . R : A
| * Difco Labor&tories (Detroit, MT); all ‘other chemicals were-?! analytical grade and
were purchased either from Siggu Chemical Co. (St. Louis, _Mo)yor from British ’
N, : o i :
o F Drug House Ltd. ) L s . .
A - B
B -
- T ‘The chemicals used for total bacterial counts are: .
- o 1. 2 % Sodium Citrate
‘ 2. Yeast Glucose Aﬁar 3 . .
. - ¥ 1
+ 3. Distjlied Water . . X
.
" . N *» e
Yeast Glucose Agar was prepared with the following composition: ¢ -
Bacto Yeast Extract r T 30g *
. X -
2 T e Bacto Tryptone 50¢g
" w Bactd Dextrose e, . /' ) 10g ‘
. il . &
' Bacto Agar ¢ 150¢g s 3
. ! - ! .
/ N D:stllled wategf was ndded to make, up a total volume or_l_l_l‘he solution
* was brought to bofling and then autoclaved at 15° lbs per square xnch for 15 mid.
S (X wu taken out of the autoclave and cooled to 40-50°C before pouring nitQ the
FER . E i
petri plates. ) o : .
- .
.
. ' j E
’ s ' « - s , ’ v
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7 ¥ 4.2. METHODS 2 ¥
4;2.1. Source of Microblial Protease | P
. . o % »,
.-} type of heat-stable microbial protease was used in the making of Cheddn/
« MR
5 :‘d v ) cheese.. Pseudomonas fluorescens (T25) isolated from raw milk was used as a
< e :
source of this enzyme. T . .
A " 4.2.2. Enzyme Preparation arid Protease Assay "

Please refer to chapter,2 section #2.2 and 2.2.3.
A ¥ ¢

- .

4.2.3. Cheddar Cheese Making

. « " Please refer to chapter 3 section 2.2.4. -

4.2.4. Deux;nhutlun of Total Bacterial Ct‘mntl in Cheddar Cheese
' ~~__ Cheese samples (5.5 g‘;bo.th the*protease and-the contro]’) were weighed into
a sterile blender‘. A 50 mL aliq’uot of 2% sodium citrate was added.. The cheese
5 o samples were then blended for 2 to 3 mi;r in_the sterile blender until a :
' ( . homogenized solution was obtained. Th‘ey were then transferred into a sterile
i Erlenmeyerr flask n;?tivfnylly‘ One mL of the sample was asepti‘cnlly‘ m&l;nm
% the' flask into a sterile test tp\t.ze containing 8 mL of 6 sodium citrate. Yerial -
. 3ilutions were made until & ﬁnal dilutiod of 10°6. Ope mL of the diluted Asnn‘\plu
\\; (10 to 10 %) was plpetted in duphcate into empty petri plates nsepticnlly Yc.-u!.
glucose ngar was pourd mtq‘}l(‘pem plates The contents were swirled gently.
The plates were‘ﬂ nz room tempemmre until they sohdnred They were then
mcnbnted at 37°C for 48 h before colony forming units- (CFU) per plate were
,} counted by méuns ofa colony :ounter. = g
- | K ‘ . 5 N ” P * Y

v
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4.2.5. The Survival of Starter Culture In Mineral Salt Medium With

Different Concentrations of Protease
3 o . E

- N
TEgTinnI solution was made up to a volume of 1 L with distilled water. The
[ . f

pH of tBe fjnal solution was adjusted to 6.8.

mB MgSO‘JH,:O - 48.0g/L =0.195 M
vme - II'D + 3.6 g/L CaCl,2H,0 )
; MWD (NH,)MO,0,, 002¢g
FeSO,.7TH,0 S 002g
MaCl,H,0 010g
CuCl,.Hy 0 vy 0.10g
»Concentrated HCl 0.5 mL Py
~h : .
The final solution was made up to,a volume of ) L with distilled water.
Solutions LA, B ayn’d VIII B were autoclaved separately. -
. .
o . ; Tha complete Mit¥ag! Salt Medlum (MSM) has the followmg concentrnuons
* 100 mL of I A N
* 7 LomlotmB

.Qf’"lroml.orvma

10 g/L of succinate (nutaclaved]

10g
4355 g
3.450 g

'_‘,
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' and-identical results were obtained.

% .
4 = s
. g i
Procedure - % g ok

‘Three 25@@hL: Erlenmeyer flasks were autoclaved. Inoculum (0.5 mL) was

grown in a ‘sterilized flask containing 45 91. MSM and 5 mL- succinate.* They
s .

“were incubated at 25°C in ashaker overnjght.’ At the end. of the incubation
, 2 : !

perﬁd, the redﬁred amount of protease (T25).were inoculated aseptically iqd the

bsorbance was at gawavelength of 600 m for every 3 b interval until a

decli’nﬁwe growth curve s observed. This experiment was repeated twice

U

Flask A (Control) B3

45 mL MSM + 5 mL succinate + 0.5 mL inoculum
Flask B- . . ) oo

.

45 mL MSM + 5 mL su:‘cina.le + 0.5.mL inoculum + 1.0 mL protease
Flagk C  * ] )

é& L MSM + S,mL succinate + 0.5 mL inoculum.+ 2.0 mL protease
§ f o, = .

i
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_RESULTS .
A . [ A : .
4.2.8. Results for Total Bacterial Counts in Cheddsr Cheese made

from Porcine Pepsin and mc,reblnl Protkase (T25) o,
The results for Total Bacterial Counts in. Cheddar Cheese_made from

appendix section.

Porcine Pepsin. and Microbial Protease (T25) afe tabulated band listed in the

i v
.2.7. Results of the growth of uu(t:r culﬁnra in Mineral Salt Medium
i with different concentrations of pmﬂem

% s

< The results of the growth of starter culture in Mineral Salt ‘Medium with
R . different. eoncentmuonl ol‘ protease were listed in the Bpp!ndu section. Graphs of
-

ubsorhancy at 600 nm ‘versus time in hours were plolud for different
c ions of l&s“l‘ﬁs

pmlease and the conuol
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DISCUSSION

4.3. Bacterial counts in aging Cheddar Cheese

“Fluctuation in the total bacterial counts w‘a.s observed during'lhe first- 30

days when porcine pepsm was used as a renneting agent in t’he muuufnyture of «

Q Cheddar’ Cheese. - The total bacterml count reached its highest numbers in about

20 days. After that there was a gradual drop in,total bacterial count untjj day

26-27 (Fig.4-1). The results “imﬁa’ated that the presence of bacteri... prole:uer
(T25) (did not seem to Tofluence the pauem of the bacterial growth when
compdred to the control cheese without the protease However, the overall total
bacterial counts in the cheese with added protease were shghtly hlgher thhn that

of the control. This may be due to the additional nutrieht factors présent in the

crude extracts of isolate T25.. There is also a.possibility that the.action of '

r . Z
prbteaqe may have released products easily’ metabolized by the growing cells in

the cheese. Since the cheése samples were vacaum packaged. and stored at 5:7°C

the differences.in bacterial counts in cheese samiples with and wuhoui the addition-

of - bacterial pro'.ense (T25) may re!lect the presence ol’ I'ncultau? n,nnerobes .

hrophili

whg‘ch can thnve in a psy rnnge of ‘l‘he low counts
perhaps mdlule low delmly of .sich bacteria. in the eheese Psiu“nmnmu
Iluoul);uu T26 bl?!lde! secreung ::’wccllular proteue ulso secretes lipase(s)

‘s repaned earlier hy el et. (1983a). - Since protense T25 used in the

present mvesngnuon was an impure solutlon it may }mve mrmd the l|p.ue as.

well. This lipase may'have influenced lhe bacterial mhnbers in the cheése sample
and caused the dlffererces in the baotennl counts in the cheese sample containing
I 4

hc!eml proteue T25.




‘According to th‘e. resﬁlia of the effect of bacterial p‘l’o'.!m (T25) «':n the
growth of st’rge\ culture, bacterial protease (T25) apparently h;& #10 influence on
the growth of the sunér cultures (S. factis and S. eremoris) Whei grown in a
mineral salt medium. The protuse‘s did not ‘appear to interfere with the
bacterial cell ;urfu: proteins to cause any hindrance in their normal functions as
evidel;c from the growth pnne‘m dépicled in.!his study. It i!ev;idenl from the
result that the added. protease stinsulaled the growth of vthe starter cultures

(Fig.+2). The increase in‘the growth of the’t"er cultfre may be due to the

protease solution which carried 1 protein sub The b d

p;roducts' from the sul}inundin; §nbstrales.may also account for the increase in the

s > g
growth of the starter culture., " % i
ot \‘ ;. -




Figure 4-1: Effect of bacterial protease (T25) on the total bacterial
counts in Cheddar cheese made with porcine pepsin as a renneting
agent
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S ; - CONCLUSIONS L Pr
6 R e 7‘ e -~ )., 2,
N The lack of detailed knowledge "of cheese Havour compounds, and ti:e_'
mechanisms which generate them during maturntiuﬁ, remains the msira;yl;slncle %
' ientific design of accelerated cheese ripgning systems l’(ov)!ver," .
despite such limitati “a promising develop nt has eme&ged from.our study
” 3 Accordmg to the results of our present study, seven conclusmns can be made e "‘,

. .l The presence of<hacterial protease (T25) exerted mdltect inXluence on
the growth of the sgarter cultures by perhaps providing more ?upnu. )
.y 3 ol in the way of brenk¢own prcduets from the surrounding substrates. ow,

. The addmon ¢r the blcteml protense ( '25) to mlk used Ior hsddar; ’
cheese processing resulted in dl!ferenc in ‘the” growth pnttems of
bacterm in npenmg cheese:

S

-~ b . .
¥ r - 3. The pH changes observed lh the control snmpl! during n;lng “were " i
. < & slightly hlgher than that. of the “sample cnntmpmg the bnclenrﬂ \,,—Q'
L. . proteu : o e i
' 4 o
pm!enxe treated cheese dunng Agms [ ek =
K o 5.T25 Pprotease glvr,\ better nmvxty with a-casein u a suﬁstrnu’
/ * a « & compared to other case,ns . e
i s .
v 8. Thére was nlsg a tregd in the lowering of the pcrccn\lge of tolnl “fat, -
i i protein nitrogen mojsture conten? and .yigld (dry” weight) of the cheeat”
’K ) L 2 . to\vhlch bnc(eml pmtgua\(’[gfo) was added, ; ;\' LA
. - PO
F L ! L Addltiop o! tha protene T25 secreted by Pnubmon . le
o pasteurized nyilk prigr to’ the addition_ of .a_:renneting

porcine pepsin) ;-and' preesrsﬂqn of. Cheddar che
. ., . copve llomf Hiethod: resulty in & product which mﬂug
- ¢ " -lh“c ntrol’ cheeses lnol,d

(A 5




* Sensory evalu;uun indicates that the ptolene mmd chuse is -also

'm

-of the control cheese during within 6 months of aging. No off-flavour

able to achieve a higher intensity of cheddaring flavour (P<0.01) and
preférence score (P<0.01) within 8 months of aging compared to ‘the
control cheese. Cheddar cheese made with concentration of 10 mg/L
and 20 mgA. of bacterial protesse (T25) gives higher intensity of
cheddaring ftavour (P<0.05) than that of the lower concentration (5
mg/L). Qverall, Cheddar cheeses made from bacterial protease and
porcine pepsin are able to achieve higher cheddaring flavour than that

or bitterness was detected in tlre protéase treated sheese throughout
the aging period. The texture of thw cheeses remained I’lnv during
aging. -

. The results of the presept study indicates that the’ protease” T25

secreted by Peeudomonas fluorescens is suitable as a npemng aid for

—atcel:ratm; the ripening' process o\‘ Cheddar cheese. .
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Appendix A
—
. Table A-1: Total Bacterial Counts for the Control Cheese (Without Protease)
Batch 1 :
. Time (Dajs) _ - TBC!/g Cheese Log'(TBGY7g Cheese
4 B TOCE 1.96
R 7 06364 198
. 11 143638, | . ©o 518 °
i o3 3 i R 1818 -~ | 4.07
b . §9° . 15 .t * 46364 d 4.67 i
: . B 7o _ st = 146
e 19- 301636 T 5.48 < -
21 83001 492
23 30091 459
- 27 4 24000 4.38 =
30 39091 450
!Total Bacterial Counts. Data are mean values for duplicate
= determination for one lot of cheese.
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Table A-2: Total Bacterial Counts for Protease Cheese (Batch 1)

Time (Days) TBC'/g Cheese Log,o(TBC)/g Cheese)
4 5 54545 474
- 7 727 * 136 =

“ 11 306384 549
13 - 109455 . 5.04

15 1227273 . 536 -
17 5 69001 484
19 1437273 T 584
.21 . 160009 & 5.21
23 . 133636 5.13
27 57273 g 476
- 30, 157?73 ¥ . 5.20

> .

Total Bacterial Counts. Data are meld values for duplicate . v

determination I‘or\\one lot of cheese. b g 2
\ : 2 . 3

'
<
—
. L
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- Table A-3: Total Bacterial Counts for the Control Cheese (Without Protease)
< Batch 2 s
Time (Days) ;. TBC!/g:Cheese Logm(TBC)/g' Cheese
. 4 3 48000 ] ] 168
7 45600 468
11 ", 60000 478
13 . 5440 ° . 374
15 . 20000 . 430
- 17 " 13600 - 413
19 136160 : 5.13
. ) 35200 485
= . 23 N 16000 4.20
. 27 . 8800. 13.94.
| 30 » 17600 t 1 4.25
i A :
N l'l‘olsl Bacterial- Counts. Data are mean values for duplmte L
. ! determination for one lot of chees(_ Lo . R D
Table A-4: Total Bacterial Co\u_lts for Protease Cheese (Batch 2)
| Time (Days) - TBC'/g Cheese Log,o(TBC)/g Cheese)
! 4 - 30400 . 448
. T 40000 4.60
N o - 11 - 144000 5.18
S 13 56160 - 475
\ 15 108300 504
17 39200 . 4.59
.19 % 208400 b S 5,32
21 76000 4.88
23 te 59200 477
L : 27 28000 : 445

¢ 30 72000 4.86

=, ) ITotal Bacterial Counts. Data are mean values for duplicate
ination for one lot of cheese.
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Table"A-5: Growth of starter culture in MSM

Flask A Flask B Flask C
- - [Protease|* 0.0 - 672 13.44" -
Time (b) Ago . Asoo A0

75 0.460
90 0.460
04 0.460
07 : 0480
100 0.460
102 - 0.480
105 0.455
108 0.440
114 0.400
120 .. - 0350

[Protease]=Concentration of bacterial protease (T25) in terms of mg df
protein. 7
MSM=Mineral Salt Medium.
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—_— 5 ‘Table A-6: Change in Hydrolysaée ;_\.mino Acids in Citrate-HCl extract
“ During Aging of Cheddar Cheese
Time (Months) . Control (smol/g) E Protease (umol/g): ’V
—_— 781 : )
2 85.45 8832
3 ) 12085 9707
1 o 12231
S — 116.36 L Emr2e e
R ) 97.15 )
7 160.38 T e ‘
8 80.95 11473
9 © 8784 153.21 B
‘10 . 89.08 ' "150.0
Data are mean values of duplicate det__ermiustion for one.lz‘;of cheese.
o ! .
T

-t
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Table A-7: Change in Free Amino Acids in Citrate-HC extract During

Aging of Cheddar Cheese ., B
Time (Months) Control (smol/g) Protease (unlol/g)
! ) . (/
. = - -
1 T . - 381
2 . 6.10 6.05°
: . i se2 . . 017
. 4 ‘1001 '
E
% 5 _ 13.60 4
R 18.24 4 5
¢ 7 23.31 | B
s B 7 I 5
Yoo 5 BTE 3148
o B ' wp_ g i ~3.?.:;7 37..39,)‘ CE
S . Data are mean values of duplicate determifiation for one lot of cheese. -
| .
! ¥ , o
“ s
N e ‘ %
—_ "
= i B
2 .
‘4
—_ .
" . % ’ W




%

During Aging of Cheddar Cheese

Table A~!. C Imnge in Hydrolysate [Alanine-Cystine) in Citrate-HC'| extract

* .
[
.
. (‘ .-
Hydrolyzate amino Acids (umol/g)
Tim Alanine  Arginine Aspartic Actd  ‘.Cyscetd Actd  Cyscine
((Han(h) c P c P c P € ¥ c P
< i
r .99 387137 0.35 5.10 &l\ /‘o 87 0.12 0.02'
L S 4
2 3.24 3.2) 1.81 2.21 10.66 10.55 1.43  0.53 0.i2 0.2
3 4.28 3.60 2.44 1.94 14.67 13.38 1.75  2.46 0.22' 0:23
Do 2.68 44.09° '1.33 2.87 110:67 [13.24 352 2.16 0.07 0.22,
5 4,68 3015 -2.63 1.66 13.34 13.23 2,89 5.73 0.00 0.00
-6 3.25 '1.85 1.56 0,70 12.99 .25 5.45  5.70 0.13 0.13
7 6.15 4.17 2.92 1.25 17.30 14:90 ° ~ 2.52 4.19 0.32 0.31
8 2.50 3.28° 0.65 1.08 13.62 17.28 8.03 7.85 0.24 0.2
9~ 4.40 5.41 0.84 2.32  8.33 17.3% 331 2.51_0.00
- 10 2.93 6.40 0.60 2.24 12.20 ‘19.90 521 5.31 0,22 0.34

. C = Control cheese without addition of bacterial protease (T25).

P = Protease cheese with addition of bacterial protease (T25) 9.45 mg/L.
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Change ia Hydrolysate (Glutamic Acid-Hydroxyproline) in
Citrate-HCI extract During Aging of Cheddar Cheese

Hydpolyzate aMno Acids (umol.y)

v
Time Glutamic Glycine Histidine Hydroxylysine  Hvdroxvproline
(Month) Acid

i 11.96 8.40 2.21 1.76 1.18 0.89 0.00 0.00 0.00 0.00

21.63 21.68 3.79 4.00 2.14 2.59 0.00. 0.00 0.00 0.00

"

3 32.67 26.39 5.09.4.72 2.83 "2.45 0.000 0.00 0.00 0.00

4 19.93

3 28.70 22.57 5.05° 4.30 '3.16 2.20 0.00 0.00 6.00 0.00

6 24.56 13.25 4.35 '2.58 2.26 0.74 0.00 0.00 0.00 0.00

T 40.76.23.29 i 6.82 4.38 3.77 1.65 0.00 0.00 0.00 0.00.

‘8 19.53 28.04 3.33 4.82 0.76 1.49 0.00  0.00 0.00 0.00

9 22.83 38.30 4.83 5.87 1.89 3.63 0.00 0.00 - 0.00 0.00
=

10, 16.90 40.21 3.60 6.75 1.06 3.47 0.00 0.00 0.00 0.00

C = Control cheese without \:he‘ addition of bacterial protease (T25).

P = Protease cheese with the addition of 9.45 mg/L of bacterial protgase (T25).
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“Table A-10: ' Change in Hydrolysate (Isol Phenylalanine) in Citrate-HCl
P extract During Aging o{ Cheddar Cheese

Hydrolyzate Amino Acids (umol/g)

’ .
Time [soleucine Leucine Lysine Methionine Phenylalanine
(Month)
c 4 c P 4 P & P c P
T s 7
1 4.25 2.99 3.24 2.08 0.50 0.11 L.41 1.07
2 2.20. 2.56 7.83 8.80 5.48 5.77 1.46 1.08 2.67 3.04
3 3.26 2.36 1085 9.22 7.84 5.65 1.81 1.38 3.64 3.23
4 1,65 3.33 7.6012.53 5.43 8.26 1.51 2.02 4.46
5 2.76 1.12 11.36 9.70 9.08 5.91 1.62 2.17 377 3.16
6 2.09 0.56 9.19 '6.63 7.80 3.72 0.31 1.11 3.10 | 2.31
7 4.21 1,49 15.45 11.21 12.08 6.24 2.02 1.77 5.38, 3.84
8 2.00 2.60 8.68 11.88 6.95 7.15 1.92 2.13 313 433
9 1.44 3.86 11.65 15.41 6.48 10.89 2.55 1.68 3.68 5.36

10 1.60 4.01 9.19 16.53 7.41 11.03'2,10 3.12 3.22 5.69

C= Cunlrnl cheese without the addition of bacterial protease (T25).

P = Protease cheese with the addition nf bacterial protease (T25) 9.45 mg/L.
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Table A-11: Change in Hydrol_vsalé (Proline-Tryptophan) in Citrate-HCl
extract During Aging of Cheddar Cheese

Hydrolyzate Amino Acids (umol/g)

Time  Proline Serine Taurine Threonine Tryptopham
(Montch) ’ : = .
S I c r c @ c e e P
1 5.00 2.83 2.69 1.28 0.31 0.29 2.04 0.86 0.00. 0.00

®
®
"
b

3.77 4.11 1.48 1.46  3.03 3.20° 0.00 0.00

3 10.27 6.83 6.20 4.17 .1.73 1.22 4.33 3.00 0.16 0.13

4 4.58 9.83 2.35 5.9‘4‘ 0.67\1.45 1.85 4.09 0.00 0.00 #

w
o
o
»
i
=
kN
o
s

273 1.20 0.00 4.53 2.28 0.00 0.00, |

5 3 T
6 8.85 5.97 3.16 1.32 0.26 1.19 2.69 1.30 0.00 D.U{ . |

7. 14.15 4.92 '8.22 2.36 1.92 2.17 - 6.12 2.3 0.00 0.00 )

8 8.80 9.80 1.81 2.68 0.92 0.84 2.00 2.98 0.00 ,0.00

9 5.74 17.53 2.52 6.38 0.75 2.46 2.10 5.35 . 0.00 0.00 °

10 11.33 13.49 0.88 5.10 3.55 2.0l . 1.66 4.65 0.00 0.00

C = Control cheese without the addition of bacterial prole;‘st (123).
P = Protease cheese with the addition of bacterial protease (T23) 9.4 mg/L.
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lele A-12: Change in Hydrolysate (Tyrosme-Valme) in Citrate-HC| extract

unng Agmg of Cheddar Cheese

Hydrolyzate Anino Acids (unol/g)

Time Trrosine . Valine ]
(Month)
L ¢ (4 ? - e

ot

1 0.69 0.49 1.89 1.09

2 146 1.28 3.31 3.70 -

3 1,667 1.13 4.92 3.39 o .
4 100 1.77 \ 2.29 4.67 .

5 162 0.90 4.53 2.28. .

6 1.39 .1.03 3.66 1.97

7 2.69 1.18 - 7.04 0.31

8 1.50 1.91 336 4.34 :
9 1.72 <1.94 279 6.57

10 Thal 192 ’ 3.95 6.82

C = Control cheese without addition of 'bacterial protease (T25).

P = Protease cheese with the addition of bacterial protease 123

(9.45 mg/L) .
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. Table A-13: Change in Free Amino Acids (Alanine-Cystine) in Citrate-HCl
extract During Aging of Cheddar Cheese

ree Amino Acid (ywmol/g)

Aspartic Cysteic
(urine | Alagise Axgini Asid Acid Cratige
Ho =
SN ERE c | P c P 3 3

1 0.23] 0.35] 0.00| 000 0.16) 0,17 0.03 | 0,03( 0.00] 0,00
2 0.42] 0.45) 0.09] v.14) 0.37) 0.47] 0,03) 0,54 0.03] 0,03

3 0.70 | 0.83] 0.14 ;Q 22] 0.01 ! 0,021 0,47 ) 0,48] 0,05] 0,05

4 0.70) 0.961:0.16| 0.35] 0.17 ) 0.61) 0,52 0.66] 0.05| 0.03

5 lo.s2|1.06] 0.17] 0,26 0.35| 0.6 116 | 1.20] 5.0 0.03 |

6 1.06 | 1,224 0.30'] 0,27] 657 f 0,911 0,981 0,701 0,05 | .05

7 1739 1201 ] 0.0 0,28 0.74) 0.98 | olor | 0,93 | 0.05] o0.08
8 1.69 ] 1.65) 0.21)] 012 0.85| 1,13 | 1.72| 1.87 | 0,06 0,07

9 116 | 186 0.22] 0.08 | 060 161 116 ] 180 ] 000 0,00 |-
i0 2161 .1.93) 018l oal 1as | 1se | 210] 2 | 0,00

C = Control cheese without addition Of bacterial protease (T25).

P = Protease cheese with the addition of bacterial protease T25 (9.45 mg/L).




v * Table A-14: Change in Free Amino Acids (Glutamic Acid-Hydroxyproline) in
) Citrate-HCI extract During Aging of Cheddar Cheese

Free Amjno Acid (u mol/g)

Time
Glutami < -
v-, [(Henths) | Hlutamic Glycine Histidine |Hydroxylysine|Hydroxyproline
c P c P ¢ P c P c P
1 J0.67] 0.80] 0.02] 0.08 O,ﬁﬁ/ 0.08) 0.00/ 0.00| 0.00| 0.00

2 0,99 | 1,14 0,14] 0,12 0.10 0.10 0.00] 0:00/ 0.00 0.00
3 l1bol 2.19] 0.22] 0.26] 0,197 0.13] 0,00 0.00

©_0.00

s l1.02 0.32] 0.19] 0,15/ 0.00]
‘s 1z 0.60] 0.20] 0,18) 0.00 0,00 |

— 6 [3.28] 0.46] 0.38] 0.07 ] 0.00 0,00
"7 leies] .91 0.66 ’_‘o'ﬂ_M_J_.g;_‘M 0.00 |°

8 5.28) 6.00 0.86| 0,77 0.15] 0.06 0.00'| 0.00| 0:00] ‘0.00

-9 3.58| 7.06 0.61| 0,907 0.54) 0.03| 0,00/ 0.00] o0 0.00
< :]
10  l16:64] 7,321 1,12) 1.341 0.13) 0.11} 0.00) 0.00] 0 0.00

C = Control cheese without the addition of bacterial protease T25.

P = Proteasea cheese with the addition of bacterial protease T25 (9.45 mg/L). Q




Table A-15: Change in Free Amino Acids (Isoleucine-Phenylalanine) in
Citrate-HCI extract During Aging of Cheddar Cheese

Free Amino Acid ( umol/g)

Time Isoleucine Leucine Lysine Methionine |Phenylalanine
(Months)

c{p | e p |t Pl e |P [ e | »

v lo.o1] 0.03] o.43] o.59] 0.26/ o0.35) o.05] 0.05] 0,21 |o0.29 |
:2 lo.2| 02| 0.93] ..05] 0.52/~0.46] 0.19] 0.20} d.az |oi57
3 0.20 0.17 1.49) 1.86] 0.87 0,82) 0.29] 0,23| 0,63 0:89 |

4 0.29} 0.30| 2.04) 2,99| 1.11) 1.04) 0.40! 0,40 083 [1.31

H 0,301 0.291 2.284 3.111 1.42| 1,18 '0,37] 0.36] 0.89 [1.30

6 0.49] 0.39) 3.20| 4.04/ 2,318 1,42 0 52| 0,64 119 1,68

> 4 0.61' 0.50} 4.17] 4.91] 2.75] 1,81 ) 0,71} 0,58 ] 1,56 2,02 |
‘ | 080! i.88 |23
o lo.o| 006 3:83] 7.26] 1.38] 272 -0nes] 0.89 | 1,67 [2.89 |
10 {r.19) 1.27} 6.26] 7.96) 4.61] 3.42] y.18) 1.02| 2.38 3,09 |°

8 lo.93| o.76| si1a] 6.16] 3.45
. ( :

C = Control cheese without the addition of bacterisl protease T25.

P = Protease cheese with the addition of bacterial protease T25 (9.45 mg/L).
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Table A-18: Change in Free Amino Acids (Proline-Tryptophan) in
& - _Citrate-HCl extract During Aging of Cheddar Cheese ;

Free Amino Acid ( ymol/g) -
me 5
(Months) prollneﬁ’ Serine Tauripe Threonine
) c e c le c e c el c) o -
r o1 lo.27] 0,02] 0.09] 0.09 [0.09] 0.01 [0.03] 0.00] 0,13
2 o020 |o.2s| 016] %026 03 0.35] 0.10 |0.13] 000
3-lo.39" | 0.46 | 0,20 “o.z1}.0.19 foaal 06 [0as] 013
- 4 los o.51( 0.33) 0.30] 0.19 05| 0.27 lo.s3] 0.22
5 ,i; 0.71 on;L__oJ_z_g‘ 0.16 Jo.12] 0.33 Jo.497 0,22 ].0.25
6 29 loga| 0367 o6 | o.ss Jo26 | 0.7 oi6s]| 0,107 0.30 |
- 7 11 Jo9 ] 02 6.30] 038 Jo.20] .0.74 f0.80 | 0.32| 0,38
8 ,5_0__1_,_5_3_‘;_0_,_0_3_.4:_‘0_3 0.26 |02 | 0.92 [0.90] o.25 | 0,16
9 Dias 1167 096 ] 010 05 {036 065 11| 0,62 | 0,31
10 |2.17 J1.01] 0.08] 0.15 | 030 0,26 | 110 1,22 | 0.00 | 0,00

C = Control cheese without the addition of bacterial protease T25.

P = Protease cheese with the addition of bacterial -ptaleu; 125 (9.45.mg/L).




Table A-17: Change in Free Amino Acids (Tyrosine-Valine) in Citrate-HC

extract During Aging of Cheddar Cheese

FPree Amivo Acid ( umol/s)
Time - g
(Months) Tyrosine Valin
~ c | . c 5

1 0.06 0.10 0,21 0.26

2 0.08 0.12 0.38 ° | ?,Ai B

3 -0:06 0.08 0.60 - 073

4 0.06 0,99 1,00 k 1

5 _ 012 : 0,08 L 05 L 18

6 ' 0.10 0.07 L 1,55 53

7 0.13 0.15 | 2.06 04

8 0.14 0.3 2,52 &

9 0.55" 0.16 1.63 2,98 |

3.31 3.49

10 0.07 0.17

[

> 5 |
= Control cheese without the addition of hu:eri-l protease T25.

"= Protease =h=eu with the addition of bacterial ptueun 125

(9.45 mg/L).




Table A-18: Ripening Ipdex of Cheddar Cheese Samples

Age of Cheese Soluble Tyrosine (mg/100 g of Cheese)
(Months) Control Protease (T25)
2 98.84 93.0
3 N 100.00 102.08
4 . 108.13 *u 102.08
5 148.00 154.18
., * = E L —
B s i 6 144.60 190.30
g . 11420 ' 162,00
8 R . 161.10 '
9 5"’; 172.34 152.40
6 i 0. . 16785 182.64 :
Data are mean values of duplicate determination for one lot of cheese. e
. s
¢
PRECH
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Figure A-7: Figure A-8:
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Figure A-13:
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Figure A-31: ' Figure A-32:
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RIPENING INDEX OF CHEESE

2004

mg TYROSINE PER 100 g of cheese

10 12

4 & 8
AGING TIME (MONTHS)

Figure A-48: Ripening index of experimental cheeses with different
concentration of bacterial proteases (T25)
The above figure showed the effect of different concentration of bacterial

proteases on the ripening index of experimental cheeses. The ripening index of
cheese was determined by the method described by Vakaleris and Price (1959).
They indicated that there was a trend in the relation between the age of cheese
and the soluble tyrosine in the cheese extract. They also observed in their study
that soluble tyrosine increased more rapidly in the early stages of ripening
(Vakaleris and Price, 1959). In the above figure, CON represents the control
cheese (without the addition of bacterial protease). P5 represents the protease
treated cheese with the addition of 5 mg/L of bacterial protease T25. P10
indicates the concentration of 10 mg/L of T25 protease and P20 represents the
concentration of 20 mg/L of T25 protease. In general, there was an increase in
soluble tyrosine during the early stage of ripening. The three samples with added

T25 protease almost consistently showed higher tyrosine level than the control (up



- e 18

) § \ !
to 9 months), in effect collaborating results of their effect in- promoting
cheddaring }\wnur. - -
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’ Questionnaire for ranking

Namé: Date:

Rank these samples for the intensity of Cheddar cheese flavor. The
sample with the sharpest Cheddar flavor is ranked first, the second
sharpest samples is ranked two, and so on. Place the code numbers on
the appropriate lines. These the samples in the following order:

Comments
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1 WES—TIDNMIRE FOR SCORING

NAME: DATE:
Evaluate these samples fon bitterness. Indicate the amount of
—
bitterness in each sample on the scales below.

not bitter -

7
trace of bitterness M.

slightly bitter 5

bitter

7
e
ve;, bitter

extremely bitter

Comments;




Record of Manufacture

Type of Cheese -
taken : DATE
‘Milk lbs. . Milk fat 1 lbs.
Starter lbs. - whey fat . 1 1bs.
Total lbs. Starter acid L Age hrs.
Operation
Time , TEnperature Acid % B Camment
Standardizati -
‘Pasteurization & -
—Added starter - kind )
Added color P
Added rennet amount.
" Added enzyme N i amount
Steam on
Steam off
D]
Salf
__Pressing N i
'
Cheese ' Date Ponds =~ % Fat % Water pH vield after
. pressing
. L |
' i
P "
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