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ABSTRACT

Quarg js a“soft, unripened fresh cheese. 'Tﬁe product
available on'pKlberta —market showed freguent shelf life
proolems. rélated to  ‘bitterness. The" oitterness was
detectable after 1—2“/}ys’of storage and became unacceptable
'after 14 days of rstorage.‘ This study was initiated to
'”1nvestlgate the possible c£u§e§ of bitterness development in
"quarg during Storagé.

Quarg was produced at the Universityrof Alberta on.a
laboratory .scale following the'-‘standard commercial
procedure The"effect of mdcrobial _contaminants, rennet
level, culture composition and culture strain were evdluated
to stﬁdj the potential causes for the bitterness in quarg.

Rennet level was faund to be the cr1t1cal factor in the
development of> bitter flavor:. ‘When the rennet level was
-reduced from the commercial practice of'3876 units/1000 kg
of milk to 388 units/1000 kg of milk, an acceptable product
with an extended sﬁelf life was obtained. The results of
storage - study indicated low . level of 'psychrotrophs,
collforms, yeasts and molds, suggestlng that the bltternessgf
_was not: the outcome of mlégoblal contamlnants. The nature of
"the starter culture d1d not. play = an ‘1mportant_“role in
b1tterness;~development durlng storage. This study showed
that quarg produced WIth a reduced level of rennet could be -

‘.

stored at refrlgerated temperature (4- S C) for up to 9 weeks

wlthout b1tterness development o

iv -



A household study was conducted to assess the conéuner
acceptancg of plain and fririt guarg and to project thé
future market potential of this relétivcly new daify_product:jﬁ
in Alberta. The scctiétical*analysié of consumer acceptance
study data indicated respondencs' breferential choice for
fruit ‘quarg QQer the unfiavoured‘product;JThis study also
revealed thatAboth plain and fru;t guarg have good potential
to become a regular part of the dlet in, Alberta and p0551b1y

other areas of North Amerlca



.

\ ACKNOWLEDGEMENTS
I am grateful* to Dr. Pavel Jelen, my supervisor, for

his encouragement, patience and support throughout the

* coyrse of this study. =«

I wouldllike to thank the faculty. members, support .
staffs and my collgagues in the Food Science Depi;Dment fof
“their participétion an the sensory analysis. Co-

My sincere gratitude to Mr. éoﬁf Choudhury and Dr. A.M.
Cadden for their. valuable help in formatting and proof
reading: of the 'manusc%ipt; I also.like to thank Mrs. Ruma
Choudhury for professional typing of the manuscript.

I, am deeply grateful to the Director éndtstaff members
of the Daify Division, Alberta agriculture. This - Qould “ndt
have been possible without their support and encouragement.

My special thanks to Drs. H. Jackson, B. Ooraikul. and
R. Whitehouse for their participation as the committee
members and their helpful suggestioﬁs. | T P

‘Finally,‘ .I “wolud like toA‘ express my “aeépest
appfediation to my éhﬁldren Anju, Banny and:Ranu’ for their

love,  support and encouragement dhring the course of this

«stﬁay.; , - : !



Chapter - ;;,, L : Page
1. INTRODUCTION ......oeveveer.... e e, 1
1.1 Speciality Cheeﬁg Production_in Canéda e eaaal
1.2 Objectives of f%e Studf ........... L.; ........... 2
_ /JZP REVIEW(\OF LITERATURE ........ Heevenians e 6
- 21 QUALG + et e e 6
2.2 The Manufacture of Quarg ..' ...................... 7
- 2.3 Tecﬂnological Developments in the S :
g Manpfacture of Quarg .......c..... et et 1}'
\ 2.3.1 Reteﬁtion of Whey Proteins by Heat
Treatment ................. et e 14
1 2.3.2 Retention of Whey Proteins by _
Ultrafiltration T T 15
' : 2.3.3 Otﬁer*Methodé of Quarg Manufacture '...... 17A
2.4 shelf Life OF QUATG «vurnnnnnsnnnnnennnnnnnnin, 485
2.5 Microf}ora of Quarg ........,.L..., ..... A S .23
‘2.6 ‘Bitterness Develq;ment in Cheese ....;;,.,......27
| 2.6.1 Iﬁfluence of Rennet .......... cieeriean. .28
1 2.6.2 Influeﬁce of Starter Bacteria ...........32
2.6.3 Ihgiuénce'gf Psychfotrophic a |
Organisms I R PP eveas35
2.7 thritiéna1 Value of Quaf;'i;.f......;....ff:...36
: 3. gATERI'ALs"_AND METHODS .+ svvensesananssnneninesn. bl

Table_&f Contents

e
3

’ 3.1 Experimental Appl'OaCh n'ol.-oc;;--..oi‘o'lc-ut-o'otv41

3.% Ma‘teria’]--S‘...I'.:.v;;....’....‘..l..‘...."..‘.‘.lb.bl".l‘..41.

3.2.1 Milk ..“...-'v.-..r__..._.;..‘...v......v.'.'..‘,.’...qz
3‘.2.2‘ . starter Culture *e’® o o & 0 0 0v0“>- * e 0 .‘0 LI Q/[o LI .0.4'.2 0

3.2'-3_. Reﬂnét .....‘.-.‘.“.o‘.‘.....,....‘.-a.‘-.‘--..-..',-42 '.
. t N . ' .

* . - vii



[N

3.9

3.2.4 Fruit PUlp «.evvvvvnnnnnn. B ....43
3.2:5 Micfobiological Medid v.uovenrinnn.. ee...43
3.2.6 Chemicals®.............. ;.......f{.......43.
Prepération,of MotthACulture .................. 43
Preparation éf Rennet Solution ......... e 44
Léboratory P;oduction 6f Quarg ................. 44
Sampling of Quarg .......v0u.. e Ceeerenen 49
Mic;obiol@gical Analfses .;3.;......; ........... 49
3.7.1 Psychrotrophic Count ..... e, ces..s49
3.7.2 COLifOrm COUNE wevnlmnneereesnnseeenns, 49
3.7.3 Yeast and Mold Count ............o..i.... 50
,Chgmical Analyses ........ S 10
3.8.1 Moisture cohtent ..... e ;........50
3.8.2'~gutterfat ceeven ; ................ .;.{.;tSO‘
3.8.3 Protein }.........,h ........ ..........;..f51
3.8.4 Titratable Acidity-..:.,;....;.,..;...Q.;Si

3.8.5 ?etermination Of PH tvruvvevinennneasnnen5l

Sensory Evaluatidn of QUATG .......eveeseeen,se.52

'3‘09.1 pI'EIiminarystUdy n.ooo.ooo‘o‘é,otoo;.aw .vo'o.52"‘>,>
3.9.2 Panel Selection and Training ......;.ﬁ;;.53'
3. 9 3 Sensory Evaluatlon of Stored. Quarg ......54 ~

Consumer Acceptance stUdY 0.000--ooc.ooooo.-uaoossv“"

,3 10 1 Household Selection Procedure'...........SS

4»;1

- 3. 10 3 Survey Method and Questlonnalre .........56

T fte

‘o

1]

viii

v3 10 2 Preparatlon of Quarg %amples ............56f 

© RESULTS AND DISCUSSTON .....;;Q;;...,.;.,,;.,;;;;L...58  S

PrellmxnaryﬂStudy ;;..,.,...;{..;.;.,;5..;},;.2.5Q""”



4.2 Effect of Rennet Level on Bitterness in ;
Quarg ....... C ettt it ittt 66

i 4.3, Effect of Starter Culture on Bitterness .
I Lo 0 13- 3 o« P ceieeel 79

4.4 ‘Commercial Produétion of Quarg‘.ﬁ....,..,.......89

4.5 Yield of Quargx.....;...;....;;.;....,ﬁ.....,...gs
4.6 Consumer‘Acceptance.Study ;...f;..,{.w.}.,....;.96
4.6.1 SurVP} Response'......:.J.;;;.;.....:....96
4.6.2 ‘Opigion on Plain and Fruff Quarg s+....... 96
‘4.6.3 Market Potentlal of Plaln and 4 | :
Fru1t Quarg "............. S e e e 100
4.6.4/ General Comments'from Respondents ,..... _10§
5. ‘EONCLU§IQN5“§ND RECOMMENDATI ONS i 100

5.1 Sumhary,of-gesults ;........;.u....;....iw.‘,;:109

5.2 Future, Reseérch Y L A PN R |

1 e | | . ]
‘6. . BIBLIOGRAPHY l"’.‘.l-.l....Q‘O...ll..".v.A!OOOOltl.113u
APPENDIX 1 : TRIANGLE TEST FORM .:..}......g;..l;‘.,,.]3}130,

. APPENDIX 2.£'SENSORY EVALUATION OF QUARG +%..v....uyitin131

_APPENDIX 3 . NEw DAIRY PRODUCT SURVEY .;.;,,;...;..;.;.,;132

" APP NDiX{4 : SENSORY EVALUATION DATA OF QUARG RIS & & I
/. M . ~
W



List of Tables

Table . Page
2.1 Comp051t10n of "quarg produced fgom whole
and skim milk ...... ....1}........ ..... ceeeena ceve..8
2.2 Nutr1t10na1 value of d1fferent dalry - _
products T T I
4,1 Composition of quarg produced -on a o

laboratory scale and commercially with
3876 units rennet per 1000 kg milk and 1% -
Starter Culture (Flora Danlca) R .. 59

4.2 ° Changes in " the microflora, pH and lactic
acid ip quarg during storage at 5°C. The

. Quarg-was produced commercially using 1%

* starter culture (Flora Danica) and 3876 , .
un1ts rennet per 1000 kg of Milk vevvununenn. ceve. 60

4.3 'Changes in the microflora, pH and lactlc
' acid \in quarg during storage at 10°C. . The
quarg was produced commercially using 1%.
.starter culture (Flora Danica) and 3876
unlts rennet per 1000 kg. of MilK votienernennnnnneenabl

4,4 Change& in the m1croflora, pH and lact1c
~ acid in quarg dur1ng~storage at. 5°C. The ‘
. -Quarg ‘was produced u51ng 1% starter: A -
- ‘culture (Flora Danica) and 3876 units '«
rennet per 1000 kg of’ m11k B Y - ¥4

4.5 Changes in the microflora, pH and lactic
acid, in guarg during storage at 10°C. The ._ T,

’quarg was produced using 1% starter 5 N x,r‘tf

culture (Flora Danica) and 3876 units , o
rennet per 1000 kg of: mllk ......;..........;,.,...,63

4.6-‘“Effect of storage at two d1fferent , _ ,
' ‘temperatures. (5° and 10°C) on-b1tterness e
-development in quarg produced on a. : o
-laboratory scale and. commercially us;ng
1% starter culture (Flora Danica) and _
_-3876 unrts rénnet per 1000 Kg mllk .................64

4.7 _Comp051t10n of Quarg produced thh 1% v
' " starter culture (Flora Danica) and. ‘yﬁ- , -
dlfferent levels of rennet ............;...........;67‘_”'

5 ' 3 4



Table

4.8

4,17

levels used in the production.of. quarg - o S
wlth 1% Flora Danlca .O.l‘...l..Q..ll.'..0"...1.".."’.176-.

'°four different: type of starter culture at . ., v o
t1% level o'a‘nbo.ooooo.‘.o'.gc‘oooolIooo.O.oaooon"oc’--.ao“.. “'

Py

~ ' | 'Page- '

Changes in the microflora, pH and lacﬁum
acid in quarg during storage at 7°C., The ‘ -
quarg was produced using 1% Flora Danica _ ‘
,and 0 unit rennet per 1000 kg of milk ,;,,,,,,, ..... 69

Changes in the microflora, pH and lact1c
acid in quarg during storage at 7°C. The
guarg was preduced using 1% Flora Danica

- and 388 units rennet per 1000 kg .of mllk .........;6;0

Changes in the m1croflora, pH and lactic

.acid in .quarg during storage-at 7°C. The

quarg was produced using 1% Flora Danica .

and 775 units’ rennet per 1000 kg of milk ...........71

Changes in the mlcroflora, pH and lact1c
acid in quarg during storage at 7° C. “The
quarg was produced using 1% Flora Danzca

and 1550 units rennet per 1000 kg of milk ...... cen 72

IChanges in the m1croflora, pH and lactlc Q

acid in quarg.during storage at- 7°C. The

quarg was produced using 1% Flora Danica o
and 3876 units rennet per 1000 k@ of milk .,........73

) Effect of five different rennet levels on

bitterness development ‘in quarg dur1ng = /%:
storage. Starter culture used was 1% - .
Flora Danlca n--.c.c-o.oooou-cnoon’-oouno;-‘osclo-.o-‘.74’

: R . ~

Analys1s of var1ance onm sensory "dita of

» quarg . produced using five respet levels,

1% starter éulture (Flora-“Danica)  and

"4 .stor‘ed at 7 C for 4 weeks ‘..'...‘0.0".‘0.".""0’.“’..0‘".‘?’5'

R B
3
L

fComparlsonid@ Means for five rennet~"'

‘4\

.Composztlon of QQarg produced with 388

‘units of rennet per 1000 kg of milk and. s

Y

1

7Changes in the mlcroflora,.pH and- lactzc’s"ffféﬁj-n.fp

~acid in quarg: durzng storage ‘at ‘7°C, ,The + = o
quarg. was produced u51ng 1% Flora Danlca Lt T
d 388 units rennet. per 1000 kg of m1lk',;;,3;;.,.,82*r;“'

T S




.-
P

-4,

19

.20 -

Page

Changes in the microflora, pH and lactic
acid in gquarg during storage at 7°€. The
quarg was produced using 1% Flora Danica
without S. diacetilactis and 388 units

rennet per 1000 kg of milk ............cocu.... «...83
Changes in the microflora, pH and lactic .

acid in quarg during storage at 7°C. The ,
quarg was produced using 1% single strain. ‘

culture (# 134) and 388 units rennet per :
1000 kg of milk R R EE R R TP PRy eeeee e ... .84

Changes in the mlcroflora, pH and lactlc A
acid in quarg durmg storage at 7°C. The.
quarg was,produced using 1% single straln
culture (# 584) and.388'units rennet per .

o

21000 kg Of Milk wuvevnnsenenunenini,... e 85

Effect of four dlfferent staryfer éultures
on bitterpess deve] opment in uarg during ™\
'storage‘»kenngt lﬂ 1 used .388 ynits -—-...

‘per 1000 kg of milkC.o...oao. .. ...........kr.{....BSZ

AnaIYS1§ of vérlance on sensdry data of :ff) )

quarg produced using four different
tarter cultures, 388 unlts rennet per
1000 kg of milk*and stored at 7° C éor 4

VWeéks ....,.................,, ........ et vee e ve...87.

Comparison of means for“four d1fferentz . P
starter cultures used in-the’ production
of quarg with 388 units rennet- per 1000

..kg Of mllk --ﬁ'-.c..................b......"....;.‘..’...88':

' Comp051t10n of guarg produced ¢

“

commerc1ﬁll§ with 388 units rennet per
1000 kg milk and 1% starter sulture’ .
(Flora Danica) ...........................:....32...91\

Changes in‘ the m1crofrora, pH and’lactlcf
dcid in quartg during storage at 7°C. The -
quarg was produced commerc1ally u51ng 1%

Flora Danica and 388 units rennet per L,
1000 kg oi mzlk .................n....t,..;..g,..u;.924

1Sensory evaluatlon data of commercial RS

a

.quarg produced* with 388 units renpet per -

21000 kg of milk and 1% starter culture =

Q

(Flora Dan;ca) and stored at 7°C ..........,....,...95

A e - o | o B .
o, N ‘ S v . s . L0
. N I B
N . [ .
' R
. v . N s E s .
" 11“ N A o > K
e MW Wi g,
FYRERTIY . - X111
x b . b ® L
-t . . - . E
: »
‘ ) 9



A-4.7

A-4.8

Page

Analysis of variance on sensory data of
quarg produced commetrcially using 388
units rennet per 1000 kg of milk, 1%
starter culture (Flora Danica) and stored
at 7°C for 4 weeksy....... S et ettt e 94

_Statistical\analysislof consumer
‘acceptance survey data ........ Wt e e e e e e 101

Consumption pattern of quarg bﬁ‘ .
respondents: ................................... L..106

Sensory ‘evaluation data of fresh quarg

produced with 1% Flora Danica and

different levels of rennet ........cveivuiueunn.. «..133
Sensory evaluation data of quarg after 1 -~

‘week of 'storage. The guarg was produced

with 1% Flora  Danica and different levels

of-rennet ......... ..., Gt e treee s e s e sttt .. 134

Sensorylevaluafion data of quarg after 2
weeks of storage. The quarg was produced
with 1% Flora Danica and different levels

of rennet ............. ceeenees e R T 135

Sensory evaluation data of quarg after 3
weeks of storage. The quarg was produced
with 1% Flora Danica and different levels
of rennet ........ C et s ere i e e e et e 136

Sensory evaluation data of quarg after 4

weeks of storage. The quarg was produced

with 1% Fldra Danica and different levels

of R R I 137

Sensory evaluatlon data - of fresh quarg '

The quarg was produced ‘with 388 units o

rennet per 1000 kg milk and. four .
~d1fferent starter cultures S e e 138°

Sensory evaluation. data of quarg after 71

veek of storage. The quarg was produced

;with 388 units rennet per 1000 kg milk .
and four different starter cultures ..,' ...... «e.s 139
sensory" evaluatlon cata of quarg after 2

weeks, of storage. The quarg was produced -

with 388 units rennet per 1000 kg milk ‘

and fou~ d1fferent starter cultures .a.........:,..140
'VL . s
S xiii



A-4.9 Sensory evaluation data of quarg after 3 L
weeks of storage. The gquarg was produced
with 388 units rennet per 1000 kg milk -
and four different starter cultures ............... 141

A-4.10 Sensory evaluation data of quarg after 3 '
weeks of storage. The quarg was produced
. with 388 units rennet per 1000 kg milk
and four different starter cultures ............... 142

.‘
Eomn”
"2

-

Xiv



Figure ' ’ Page
1.1 Production, disappearance, import and

export of specialty cheeses in Canada

during 1972—1983 .................................... 3
1.2 Per caplta consumptxon of specialty

cheeses in Canada durlng 1972-1983 .. ... .. ... 4

[}

3.1a Quarg Produc1ng Assembly (a and b).................. 45
3.1b Quarg Producing Assembly (c and @) 46
3.2 Flow-diagram of quarg -production ...................48
4.1 Respondents opinion on appearance of A

plain and fruit quarg .............................. .97
4.2 Respondents opinion on flavour of plain \

and fruit quarg C et et et e et ettt ettt 98
4.3 Respondents opinion on overall quallty

of plain and fruit quarg ......... it irunnn.. . .99

- 4.4  Respondents previous exposure to QUArg ........... 103

4.5 Ffequency of respondents consumption of

quarg ....cae.. e te e et e e s ettt ... 104

. 4.6 Respdndents willingness to buy plain and

AN

List of Figures

fruit QUArg v.veveeenen.. R S 105

<



1. INTRODUCTION

Quarg 1is a *Edt unripened fresh cheese. In Canada, it
1s classified as a specxalty cheese and can be descrlbed
(Kroger, 1980)7 as milky white or faintly yellowish ip
colour. Body and textore are homogenenusly soft and mildly
supple or elastic. Quarg originated in Germany where it is
more popular than yogurt (Mano, ~1978), Quarg. has the
potential 'of becoming a regular part of the diet in gvery
North American household. '

Quarg is  one of the specialty cheeses being
manufactured inAAlberta. Earlier, .the product had. a limited
shelf-life of two Qeeks or less. Microbial'coﬁ§amination,
espeoially yeasts and molds, and devélopT§P£>\of bitterness
were two areas of concern. The limited shel}—life restricted
the product to be sold within the province whereas the
product has considerable export potentlal as the commercial
plant in Alberta is the only one making quarg in ‘Western
Canada. However, in Europe where quarg is more popular, the
problems of extended shelf-life are not of great conseguence
since the product is consumed within '5-7 days.”Consequently

little research has been carried out _in the area of:

shelf-1life problems.

1.1 Spec1allty Cheese Production in)Canada

In,Canada most of the spec1

4

t cheeses (such as Brick,

‘ ‘leburger, Gouda, Edam, Colb@ Monterey Jack, Quarg\>and

Cream cheese) are 1mported from Europe and USA. The domestic

14
o~



production of specialty cheese demonstrated continued growth
during last ten years as shown in Figure 1,1. According to
5Agngculpure Canada (1985) statistics the domestic production

of all specialty cheeses exceeded 94.5 kT during 1984-85 ,
which represents an increase of 8.2% over 1983-84
production. However, the imports remained at the global

‘quOta level of 20 kT. As evident from Figure, 1.2, the _per

e

capita consumption of specialty cheeses increased from 1.39

kg to 4.09 kg during last ten years. '~ The policy of the

A LI

- Alberta Dairy Division, Departméﬁt:'of;‘Agpibulture is to °

encourage increased production of variety cheeses in Alberta

)
§

in order to curb the import of such.dairy products.

1.2 Objectives of the Study - g

3

‘Search of literature revealed that very limited work,

o

has been done on bitterness in quarg, which appeared to 'be

the major qualitj’ defect affecting the shelf-life of this
product. It was therefore decided ‘tb investigatebv the -

)

possible causes of the short shelf-life and the bitterness
development in quarg during storage. Also, there - was
interest to find reasons for the low consumption pattern_of‘

this highly nutritious dairy product in Caﬁadgﬁﬁhén cOm?ared

with many European countries. Thus the specific objectives
) : e /

. ) . . /
of .this study were: . , a

1. To invesfigate the effects of microbial flofé, rennet -
level, culture .compesition and culture éfrain'on the
~  shelf life of quarg, including microbial growth and
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‘bitter giavour‘@eVelopment.

2.

To recommend changes in the current industrial process.

which 'would result in quality improvement and shelf-life

‘extension without impairment of yield.

To study the market potential of plain and fruit quarg,
using a consumer acceptance study to ascertain the
future marketing trend of this relatively new dairy

‘

product in North America.



2. REVIEW OF LITERATURE

2.1 Quafg

Quarg (also Quafk, Tvaroh or Twarog) is a dairy produot
popular in_ Central Europe. It is smooth like cream cheese,
épreadéblé and usually made with a buttermilk culture rather
than cottage cheese cultu:é%ﬁﬁQuarg contains more acid than
cottage cheese and has émoothjbody and texture. The colour
of quérg 1s white or sijghtly yellowish.” Quarg shoul&ﬁg
possésg good spreadability without any appearancer oﬁg;water
(or whey), dryness or graininess. The fiavour‘most'gg clean
and may bé slightly acidic. This versatiie orodhct is . used
by ‘Europeans as a simple dairy.spread or it may be.séasonea

and flavoured for varlety It is also,.used in salads, on’

baked potatoes, on snack blSCUltS” and in baked foods such

X3
-

as cheese cake (Cldydon et al. 1972). Other pr&ducté .found
in’  European markets include whipped quarg f porous

‘consisteéncy, quarg'ifévoured with horse-radish, red,gaﬂ}lka
_ T st ot N 2 W

. : ¥
onions and other Végeﬁables, vanilla' or fru1t prVOUY g3

K3

LA

é@

sweeten ﬁ.dessert quargs with 10% fat in the dry matteil ,or
prodocéé: made by }wh1pp1ng~_quarg with added fru1t,.éfﬂég
combined with'jellies.and whippod cream (Lang, 1981; ‘Jéigo,
 “personal communication).. A o RPN
Quarg ié'essentially an acid coagulated Elocculated
casein WIth a hlgh m01sture content (70- 80%) It is produced
from the milk ma1nly by lactlc acid coagulat1on,.followed by

Haddltlon of rennet and Elnally _separat;on of the whey.



Composition is variable aﬁdddepends'cn theA.cemposition of
‘the vat ‘milk. Chemical compcsition of quarg made from
full-fat and skim milk is shown in Table 2.1. Commerciaily,v
'quarg is available in Europe with *different fat levels.‘
(Kroger, 1980). ‘
ro
2.2 The Manufacture of Quarg
The basic techhology of quarg’production is described
by Kroger (1980)..Good-quality pasteurized skim milk, cooled
to 20:52°é, is mixed with  a 1-2% bulk starter culture.
Rennet 1is 7déed 60-90 minutes after culture addition at' the

rate of 3- 5 g dry preparat1on per 100 litre milk or 1 to 2

-.

mL of a 1:10,000 rennet solutlag,per 100 litre milk. The pH

is about 6.3 at this. stage. Rennet enhances the protein
stabilization, but an excessSive amount cadses‘off~flavouns?

(Kroger, 1980). The 1low tehperature quarg manufacturing ,

method has always been preferred, althbugh'incubation at .

high temperature (25—30°C) has. also been practised' Miik ;_H

temperature and amount of starter culture should be adjusted

. So that a pH of 4.6-4,7 is reached after016—18 hours. . Thls

would represent 0.50-0.54% ac1d1ty expressed as laCth acid. pivf"

Coagulatlon beglns after 6-8 hours of incubation at a pH 5 54
or about 0.41% acidity, i
‘ Traditionally, the 5ubsequent whey"gseparation.dpis"
achieved- by cutting ‘the’ curd 1nto a mass. of partlcles of
10-15 cm (4- -6 1nches) in diameter. and by scooping -the curd:l

mass into bags or onto cloth l1ned drain tables. Th1s methodji"
f ' ’ .

.



Table 2.1 Composition of quarg produced form whole and skim

milk. = '- - ‘
o : “o‘ : ' - .
Components Skim® Whole®
Milk .. . .. Milk
| ) (%) o (%)
Total sofids - 17.48 | . 26.98
Protein - 7 o200 T 9,87 .
Butterfat R o Tfaces'-' _ o 13.40

‘From Puhan and Gai}man (1981). Ultrafilt:a;ion in the
manufadture~of quafgf -
"Analysis’ofjcommercfab guarg aVa;1éble.in ‘Albérta (Kadis, -

o o v
" personal communication).



has seyere limitationa;when\the\daily milk volume is higher
than 10,000 litres. \
In the late 1950's firs éttempt'was made to nroduce'
quarg with a separator. The reﬁ%:al of Ahe whey  from. the
coagulum by means of a spec1al&y conjifucted guarg separator
was successful and this method of guarg manufacture has been
used increasingly ever ‘'since. The first quarg.separator
began operating in 1961 in the dairy town of Bielefeld,‘West
Germany (Kroger, 1980) | |

Two major companres manufacturéx quaré' equipment:
Westfalia Separator A.G. Oelde, West\ Germany (1n North ~
Amerlca represented by Centr1co, inc.) and Alfa -Laval, Lund,
Sweden. Accordlng to 1nformat10n‘ supplled\ by these two

\

companies, Westfalla Separator clalme that 1t 7as supplied

90% of all the quarg separatoré oper t1ng 1m Germany and

1,000,000 kg quarg every day (Kroger 1980)

that the market share.is as high i ther gbuntrles. In
1977, 233 Westfalia quarg separatoz”/;ere produc1ng

Modern _ methods of quarg manufaeture ‘are“highly
automated and controlled. They include equ1pment_ not in

existence 25 years ago. New prdblems such as moisture

ycbntrol, chemical cleaning-in-place. operations, and yield

optimization had to'be_aoived.

’According'to Lang (1980)‘the commerc1al manufacturlng’

uprocesses generally consist of r1pen1ng the sk1m m1lk with a'

'starter and coagulatzon w1th "a) small amount.'of. rennet

mostly in vertical tanks of ”5,000 ,litres or ‘more. The
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coagulated milk is well stirred and passed on to the
AN ‘ : ,

separator. The function of the separator in this case

differs substantially .from that of an ordxnary milk

. separator. Separation of the curd of higher specific grav1ty

from the 1lghter whey occurs, with the heavier curd ‘being o

s

forced outwards towards the periphery of the bowl .and
diécﬂﬁtged.”through a numbeﬂ of nozzles (0.4-0.8 mm in
diameter).into a circular trough surrounding the {bowl. The:
lighter ~ whey moves inwards. and is discharged through‘
openlngs in the top of the bowl, The curd is cooled to about
4°C by passage through a tubular of plate cooler using
chilled‘watet. The separated'curduis then mixed with _cteam.
to the desired fat content. | ; |

oduction, this _may be - done

>

In a "large-scale pr

continuously, with the quarg being measured volumetricaily;»{‘

the measured value may govern a- meterlng pump . for the:

add1t10n of the required amount of cream. Other 1ngred1ents o

such as fruit, flavouring substances or fruit jUICES' may
also be added in appropr1ate quantltxes. It is, however,

essentlal that the SOlldS ‘content of the‘\qdatg_ ahda?fat
content of ‘the eteam be~_ ma1nta1ned oohétant as-fatoaaL
' | :,need to.‘homogeniie the product
manugactured by thlS prooess. li‘fv :'_. _a - A.~.f‘- )

possible. There is no

Optlonally, the curd whey m1xture from the‘ coagulation”:

tanks may be punped by _ pos1t1ve pump through a heatf~d

4exchanger to be heated to about 60 c- to destroy most of hé?:;

4m1croflora -and to extend the shelf l1fe of the product. Thlsb,i.

! ¢



w L ' .ot AR - _
s T S ‘ 11
1 ‘ - @ .1
s 5. ‘v . “ ° . o
] s e

/ i o . - . e J,‘
prodess ‘referred ,to‘ as therm1zat1on 1s becoming popular

’ eséédhally En«cohdtrles w1th poor m1crobiolog1cal gﬁallty of
5 ’ . 1 Q -
@i Lk (Jelen personal communlcatxon)

.
’ . . - N

Other methods of quarg manufacture are outllned by Lang

(1980). Qne " method 1ﬁvolVes ‘the . J%e of a 'rectangular

-

coagulatlon ;ank with a spec1al “f1lter1hg cover rotatable

"; A .
;~flpng ‘its Iongltudanal axis. Whew the milk coagulates, the
" )

',~§pééia1 'fllterlng coMer (provided with a fllter cloth). is

€ a

attached and ,after a predetermlned time the tank beglns to
. rotate,causing breaklng Up of the coagufum and dralnage of

the whey through the cloth in the gover. F1nally, the cover

is removed and the tank “1s, rotated to collect the curd in a

s
i

moblle contalner placed helow. Another, system con51st&

essentlally of two vats of seml—circuigf ‘qross-section of'

the sam?/shape, but of sllghtly dlfferent dlmen51ons, placed

“6n top of each other. Flrst, the mllk is %oagulated in the

<l

larger contalner and then, after a predetermined interval,

thegsmaller (perforated) container is 1mmerst into the

:coagulum,' pressing out the whey, by 1ts welgh(/ through the

v

perforatlons in its walls. The whey accumula s in it and is.

pumped out.  After the de51red degree df presszng, the

perforated contalner is llfted pneumat1cally and the pressed

*

QU%fg 1§' removed through an opening in thecbottom into a

‘mobile vessel below.. )

A ”reportffrom‘the'Germah Federal‘Republic (Lang, 1980)

kX el

glves detalls of the operatlon of a modern quarg production

line employlng new "Thermo*process" de51gn in a dalry
. 1 N ‘ '4’ . . : . .
N . 3 a:,_ -

¥

~
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plant at Wetzlar,”which p;é&esses annually some 25 million
o . \ .

kg milk into a variety of products including quarg, cocoa
drink, several types of cultured milks, cream and butter.

" The process starts with high temperature pasteurization
Qf: skim milk withoconcurrent denaturation of whey proteins.
The milk is then cooled to the renneting temperature and

transferred to ‘thékcoagulation tank where it is inocufated
. :
witth’ a "Biograde" culture (specially developed for use with
this process of guarg manufacturef, followed by the addition
of rennet ana'the'milk is then héld‘overnightJ The holding
of the. heéted milk in the ‘soured form beforé separation
causes contraction of casein particles wi;h‘,encloééa’/gné/
adsogbed _whey proteiné, thus enabling the no{mally

N

‘difficult-to-separate whey prsteins to be recovered.
Next dai, the = coagulated skim mil; is pumped into a
, ) 4
surge tank, provided with a stirrer, where it is_ subfected
to another heat, t;éatﬁent at pH 4.5. The additional heat

treatment causes most-of the précipitaﬁéd whey proteins to

be retained in the quarg. The coagulated milk is.cooled and

s

separated in a Westfalia qdarg separator. The separator is -

o

supplieél with sterile air to avoid the - possibility of
recqntamination énd theacooling air for the motor is fed in
via+« a duct directly from the outsid; and is aischarged‘to
~‘outside agaip in auclosed'channél. . ) |

- The 4sebafatéd curd is_dischargéd into a covered hopper
'qnd is pumped throﬁgh a moisture meter and a mixer into a

~ tank. ' The moisture content is measured continuously and

B
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recorded. e tank is sdpplied with steri%g air to prevent
airborne c;:igbination. PositiQe displacement pumps feed the
gquarg into a packaging machine.

Quarg m;y be &ade into én aerated product by
incorporating whippeal cream ‘and various additives such as
éugar, flavours and gelatin as the stabilizer (Llewellyn,
1983). The process involves preparation and heating‘of the
stabilizer and flavouring components dissolved in water.
Measured quantities of this solution are then conéihudusly
blended into guarg. At the same tiﬁe; whipping cream is
foamed continuously and mixed with }he quarg in a helical
‘conveyor, and the product is packaged. The pr&duct contains

30 percent fat in the dry matter.

2.3 Technological Developments in the ManufactureYOf Quarg
Recent advances in 'qdafg manufacture are the
introduction of the curd separator, cbagulétipn of milk in
closed tanks, thé;mizat{on ‘(heat t;éatment) of the
coagulated milk before sepafation, cooling 6f“the p;odu;t in
tubﬁlar or plate heat-exchangers and cont?nuousvproduct
pasteurization in heat exchangers. The intréductién‘{of lnew
curd separators doubled the capacity of quarg prgduction per
hour (Lang[‘1980). These developments are mainlyv géared
towardsi the improvement ofvshelf-life‘énd retehtioh;of whey
proteiné in the product. Various  researche:s‘ héye used’

different_'cultureé to improve the shelf-life of
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of 'ultrafiltration to retain the whey proteins in the

prodpct. S/

2.3.1 Reteﬁtién of Whey Proteins by Heat Treatment

‘According " to Lang (1980), the economy of quarg
production may be determined to a large e#tent by the amount
of whey proté;n‘retention i;!the product. Methods by which
this can be achieved are the centrijwhey process of prqtein
precipitation in whey, the JThermo-process" for
precipitating the protein .in skim milk before coagulation,
and ultrafiltfation of milk for éoncén;rating caseiﬁ and
whey protein simultangéusly. These methods~/sqbstantially
improved lthe yiéld of quarg, in terms of skim milk required
per kg of p;oduct with 17.5% total solids, in comparison ‘to
the conventional method. .

Iﬁ the Centri-whey process, whey from previous quarg
productionA is heated to 96°C, held for‘abbut 20‘minutes\to

. N

precipitate the protein and then passed through a self
desludging separator to obtain a protein.concenﬁfate with
15-18% total 'solids and 10112% brotein{ The 'wheyf:proteins
are ' precipitated by severe héating‘ before they are
~incorporated _into khe prodﬁcts. The‘ recovery of the ~
éoagulated,proteins in the concentrate is laimgd'to be 90%.
This concentrate is added to  théV'cheese milk, to pass
togethér‘ with the casein into the finished product. The

concentrate can also be used in other products such as

s
1

desserts and  low fat spreads (Lahg, 1980). In the

1 N I ]
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"Thermo—process" vapproech, skim milk 15 heated to 95-98°C
and held for 2.5 min at that temperature for the retention
of whey proteins in the quarg (Dolle, 1978).

Zall (1981) carried out an experiment to study the
effect of heat-treatment and storing of milk on the farm
brior to making quarg. He found that Qquarg yield was not
increased significantly when the proddtt was made with’
heeted/stored milk. The milk was heated to 70-90°C and
etore& in a refrigerated vessel for 7 days. It was found
that this heat treatment reducded psychrotrophs, stabilised

acid degree ‘value and prolonged the delicate flavour of

milk.. The quality and shelf-life of quarg were not fmpaired.

W)

e

S 2.3.2 Retention of Whey Proteins by Ultrafiltration
-According to Puhan and Gallman (1981), the major
advantage of us1ng~:Ttraf11tratlon (UF) is that UF has the
'ability to retain all the milk proteins. ThlS results ’in'
higner. yield and jen improved casein:whey'prOtein ratio of
4:1 wnich~corresnonds to that in milk, making the prcduct ,
more valuable‘ from a nutritional point of view as the
proteln eff1c1ency ratlo (PER9 of whey proteins Vis higher

-than caseln. According to Puhan and Gallman s method (1981)

pasteurlzed skim m1lk was 1noculated, with < Mmesophilic

starter and 1ncubated at* 23°C _for seven hours, The pH"
dropped to 5.7~ 5 9 after th1s period of 1ncubat10n. It“wes
then concentrated by ultraflltratlon to 12% proteln content

« at 20- 25 C and fermentatlon was continued until  the pH
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dropped to 4.55. The fermentation was not affected by the
ultrafiltration process.’ﬁThe, texture of ‘the quarg thus
produced was firm and igrainy and  homogenization  was
necessary if pasty texture was required. In evaluation of
sensory properties, no difference was noted in comparison to
conventional guarg. - ) o
Hensen and Bret (1976a,h) used the wultrafiltration
process to concentrate milk and to remove mineral salts with
or without removal of lactose. Fresh milk was pasteurized at

72°C for 15 sec and the cream, was separated Skim mrlk thus

obtained was ultraf;ltered to obtaln a protein rich

concentrate. Thel guarg was made'from this protein-rich (up
to 15% protein) concentrate by using a conventional method.
The ‘coagulum was whipped to provide quarg with overrun of
200%. This method of quaro mahing improved the viscosity,

-

protein ratio and yield.

Using ultrafiltration, Gungerich (1981) ,improved the
traditional product not”only in terms of efficiency but aiSo
_with.reSpect to nutrition because of the retention - of whey
_proteins in the product as whey proteins have higher
nutrltlonal value compared to case1n (Renner, 1983) Another
method ~he used con51sted of thermlzlng the entlre amount of
“sklm m11k 1n order to reduce the amount of whey, whlch was

fremoved in the quarg separator. In thlS way, proteln content

in whey was reduced to 0.52% and the amount of milk requ1red

per kg of quarg was reduced from 4.6 to 4.1 kg ngroduct of

thlS type has a shelf- lee of 21 days and, in - general, a
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satisfactory gquality.

2.3.3 Other Methods of Qﬁarg Manufacture | © }
*vThegmanufécture of quarg in Poland, as describéd by
Poznanski et al. (19747}, consjgted}of précipitating both the
whey proteins and casein. Whey proteins ‘were igteracted with
casein and the compléx was separated from milk by a suitable
technological method. It was claimed thét the above process
enables the reéovepy of 96-97% of all proteins present in
the milk and the yield ygsliﬂcreaseq by 12*15%: The product
had a shelf-life of 5ldays'at a temperature below 10°C
Lotter et al.(1975) made guarg by acidifying milk at
15-30°C to bring down the pH to 4.95-5.35. Acidogen and
proteolytic enzymeé were then added to' the warm écidified
milk, which ﬁas kept for four“hours until curd was formed.
‘Acid.;heese‘curdv prbducfion was improved by ‘using‘ this

_ ‘ .
process. .

- Tomka et al. (1978) wused an - electrically driven
‘perfdrated dfum' to d;éin Qhey,from quérg curd. This method
of whey saﬁaratioh"savéq ‘time-'(rotary drum ‘4—16’ min.
compared to ,60-150 min. in a cOnventidnal drainage~caét);
space and:heavy work. No édverse‘effécﬁs“were ~ob§grved in
regérd,to’fat, 15;§‘bf'proteih, Yieldrand:sénsory‘qualiéy,ofj'
. LipatOQ‘“et al: (1978) sfudiéd.the effects of pressure
in milk homogénizafion andiof cQaguiatioh'temperature on the -
contjnuoué .prédUCti$d ,of”qﬁarg.'fncrease in hbmoggﬁiéatioh.
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priessure reduced cheese firmness and the structure became
flaky. The coagulation temperature above 38°C affected

cheese structure and syneresis. subStantially. The body

~
~

consastency of quarg became coarse and rubbery.

Ott b ef\\al (1978) descrlbed a process of quarg
manufacturlng from<sk1m milk. Skim milk was heat treated at
90-95°C for 2-3 min and cooled to 28~306C. Pasteurized skim
milk was then inoculated with a starter culture and rennet
and: incubated for 16 hours. When the pH dropped to 4,5‘the
coagulum was heated to 60°C and held at that temperature for
1—2‘ min, The coagulum was .then cooled- - to 40°C and
centrifuged,in'a curd separator. The curd was further cooledv\
to 6-8°C and vlgorously mixed w1th 3% starter culture and a
calculated amount of cultured cream. The product so obtalned
was then packaged. The results showed that the‘uhey from the
‘'separator COntalns approximately 0.4% less total solids than
whey from quarg produced c entlonally The 1ncreased yleld’
of 10% has also been claimed when the "Thermo process" and

'Westfalla quarg whey separator were used due to retentlon of

whey prote1ns.

2.4 Shelf Life of Quarg o ’
R Quar a l1m1ted shelf life- due to development of

bitterness and ‘the‘ growth of contamlnatlng mlcroorganlsms
durlng storage. Studles have been carried out with - the aim(
to prolong the storage llfe. Some of the methods. tried vere

heat treatment, use of chem1cal ' preservatives and - use sof
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different microbial cultures.

Frank (1963) sfudied the significance of reinfection &n
quarg manufacture. . The development of non-acidifying
bacteria, «coliform, yeasts and molds in quarg sgored at
'4-20°C for up to 18 days was examined. No Significant
changeés occurred. at 4°C for up to 8 days, whereas at 10fC
the mold count increased 355-fold and.\yeaSt count about
50~folad with the :broéucts eg%ibiting a strohg
yeaSty—fermenfed off-flavour. At 15° or920°C the populations
increased more than 1,000—fqld on thé 4th day and rapid
'spéilage occurred. It was recommended, therefore, that the:
storage temperature should not be higher tﬁaq 4-6°C.

‘ Yurin (1966) examined the- microbiological quality éf
milk and dairy products after varioué storage periods in .
polyethylene containers. Pasteurized milk, sour cream,'
high-fat guarg and dried milk were stored in low—densify
polyethylene film 6f 50 or 100 um thickness"and kept . at
3£1°C for 6—48 h . (liquid milk), 1-14 dajs (cream og quarg)f
,or' 1-6 months" (ériéd @ilk), The quarg samples showed
undesirable changes after 7‘days. e
,fStudiesjﬁylAilsa et,éz. (1969) on manufacture.of‘ guarg
by acid cbaguiation’ of milk indiéatédrthat quarg can be
\stored for 15 days at both- 5°C ~ and 75C- béfore showing .
increaSe‘ in numbers of .pré§qmpti§e spoilage organisms
'.including'yéa$£ andb‘hdld,; However, no. sign’ of colifofm

o8 cgntaminatidn'was'obServéd even after 19 days of storage.

-

&
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The preservation of dairy pfoducts Qith chemicals was
examined‘by Weiss (1970). Nin—pasteurized skim-milk quarg
was treated Qith 0, 0.015,'0.02%, 0.033 and 0.050¢% ﬁétassium
sorbate and stored for 40 days at 8°C and room temperature.

[}

This showed that at B°C the preservative virtuélly
eliminated mold contamination and greatly enhanced the

~

overall shelf life of the guarg.

Krcal (1970) studied the effect ancoz and N, on the
growth of spoilage microorganisms~in quérg. The study was.
‘conducted in laboratory, pilot plant and commercial
conditions. Both €O, and N, restriéted.the growgh'of some
predominant microorganisms 'in gquarg during storage under
laboratory conditions.- In storage, under pilot plant and
commercial conditions, the benefieigl effect of.’éither
atmoéphere persisted for 4-6 months. As N, or CO, inhibited
the growth of gérobic microflora on the surface, the acidity
of the  product décreased sligﬁtly and .the pH rose
mo@erate}y,vresuiting "in a ﬁérkedv redyction in‘3501uble
ﬁitrogéneous pfoducts of p;otein'breakdown;7fhe end result
was a'longér shelf 1life, 1increased yield and\ a. better
guality quarg. It would not be posgible to maintain a clear
N, atmosphere because of.a lafge volumeb'ofr CO,; 'developed
during quarg .making and storage (as a result Qf miérobiél
action). Also, COg is more bacteribStatic'ﬁhan N». It would,
therefore, be preferable to UseVCOz.‘ ' |
| ‘  Schulz and fhomasbwf {1970) »gﬁperimented with sorbic

~acid foﬁ preserve gquarg. It was found that the addition of

./;)v
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0.07% sorbic acid improved the keeping quality of quarg by
one week when stored at 15-20°C. In an attempt to control
the growth of yeast and mold on the surface of quarg, good
results were obtained by wusing. a parchment paper cover
treated with pbtassium sorbate (dry 0.2§/dh’).

Braun (1972), described a method of increasing the
shelf iife of yogurt, kefir and quarg. These produets
eontaining additives of vegetable origin were filled into
eogtainers\\with lids. Erior to closing them, lids were held.
spdced above the top edge of the container, CO, was injected
from the side through the space 1into the container,
displacing the air inside and then the 1id was-epplied. The
CO, becomes &artially dissolved in the product and was found
to prevent yeaet and mold growth and confer to the .products
a shelf 1life of several months .without- affecting = the -
flavour.

Menus (1973) modified the querg manufacturing procees
by_inoculatingtmilk containing 1.3-3,6% fat.with a high‘acia
pro_du’cingN starter (Str'eptococu's'l-léctis_, Stnepto_Coccus
-cnemonis,'or'a yogur% culture) prior to additioh df rennet;e
When the pH was ‘about 4 3 the coagulum was heated to 60~ 65 C
_for 20 minutes and then cooled to 32°C before separat1on in.
a curd separater;fThevseparated whey was pesteurized and ‘the
mixture of_pasﬁeurized‘whey, salt agé%etabiiiZef' WaS»‘added
to the curd in a suitable quentity to rgduce the fat‘contenv
to 4-10%. The product w1th 21;22% total SOlldS 'was' very

esmooth and spreadable and had a greatly extended storage

i
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life._. . ' E . R S

Babella and Szabo (¢974)u#.reported the .use of’
thermophilic yogurt culture (StPeptOCOCCUS thermophilus and
Lactobacillus Dulgarlcus) instead. of using a conventxonal

'starter By - exp051ng ‘the curd to different heating

temperatures and times (65, 70 or 75 °C over 10, 60 and 180

1

See) itheyv could- improve the sehsory Quality of quarg.
However, rapid 'heating was essential tQ ensure product
quality. The ‘pasteurized :product could be stored’at room
témperature' (20°C) for 14 daysy or for a month unde5,/
refrigerated conditions (7°C). |

Data obtained‘in a one-month laboratory study on tpe
keeping quallty of dlfferent types of quarg wvere glven in a
study by Thamm (1977) of "70 quarg samples (25 ~ from
skim-milk, 2% with - 20% fat, 17 WIth 40% fat and 6 herb*t
' quargs) stored at,10°C. Of these, ' 47‘64% exhlbltednusllghﬁ\\fw’
semsory ‘defects after 10 days; after 15 days the 1hc1denc§\v/'
of - sllght defects increased to 50- 80% and pronounced defects o
Kappeared in 13-26% _of tﬁe samples. When ’the” storage
_temperature was‘redueed td 6°C' only 5 17% of .tuet‘sampleS"
were slightly defective after 20 days of storage.'r d: _.n

A study by Holdt (1978) revealed that plain quarg,'
_ processed by heating at -85° C after 1ncubat10n, possessed a."'
storagé~11fe of about 2 3. weeks ;at'VB-10° ‘ Quarg\ w1th‘
additives such as fru1t, vegetables, spzces and stablllzerSL.
’,had‘a shelf- 11fe . of more -than _f weeks whereas quargﬁ

.conta1n1ng l1qu1d add1t1ves l1ke fru1t Julce, or. stab1llzers-
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and whipped with the incorporation of N, and aseptically

e

packaged could be stored for 2-3 months. e

Beerwerth (1979) ’“found that‘} despite constant
improvements in plant hygiene and reduction in coliform
titres, many samples of quafg'exhibited considerable sensory
detects. These defects resulted largely'fron yeast and mold
contaminetion and 'too long periods of guaranteed keeplng
quality. Over 21% of samples with yeast and/or mold counts
of 10*-10°CFU/g and 96% of samples with more than IOSéFU/g
were not of market quality. Rapid growth of the spoi;age
microflora (more than 10,000 CFU/qg) was .observed

aoproximately 1 week before the guaranteed period. Sensory

defects were observed in 50% of samples'stored at 10°c. ”

—

N

2.5 Microflora of Quarg
- Quarg is a hlgh m01sture, medium acid dalry product “It
.prov1des a favourable env1ronment‘ffor;ithe growth and
‘proliferétion of microbes, part1cularly yeasts and molds.

N

K Several studles have been' carrled out"to determlne the .
.m1croflora present in quarg
" Lyshcheva (1968) examlned the contamlnatlng mlcroflora

.of full fat quarg. Cultures vere 1solated from 150 samples.

of fresh stored and frozen quarg.' Mlcnococcus albldus,_ff

M:cr'ococcus r'adlatus St‘aphylococcus aur*eus and Mlcnococcus

o alboceneus were 1dent1f1ed in all cases, they were actlvely

. llpolytlc but not proteolyt1c. Spore- formlng yeasts 1solated
vere Sacchar'omyces s Iact i's, o Sacchanomyces mbls; |

L S ' .‘»“7. B
T . ' o



24

non—sporeforméng yeasts\ included Toruiopsis' kefir,
Torulopsis wvae, Torula candida, Candida krusei, Candida
catenulata. All the yeasts were lipolytic, - . only .
Saccharomyces 7actfs,.vand} Saccharomyces ribis = were

proteolytié. ‘Bacilli isolatéd’ included‘ Bacillus ceneus.

Bacillus mégaterium, Bacillus angulans, Bacilrus'albblactis,

Bacillus mesentenicus. All’were actively proteolgtic. Mdlds

isolated were Penicillium commune,.Penicillium Poquefohti,

Aspengrllus glaucus, . Asperglllus clavop, * Mucor mucedo and

Mucor nacemosus all were llpolytlc “’ _ . ‘

. Mudret50va—viss and Zav'yalova (1968) examined changes
in the microflora of quarg 'during' different storage‘
temperatures. Full-Zat quarg manufactured from renneted and
starter-treated pasteurlzed milk was stored.at 10, 4-5, 0-2,

-10, =12 and —18'°C‘{pfwooden boxes containing 5 kg packs.
~The surface layer and the interior of th;? quarg wpre'
examlned bacterlologlcally and chemlcally for up to .31 days.

Within the 'temperature range r0—10 c, sp01lage ‘occurred'

mainly in the'surface layer. Thls was caused by Geotrlchumi'

candldum, TOPUlOpSIs and Candlda spec1es, and to some extent_u"

}by - acetic ac1d bacterla. L1m1ts , of‘ storage' wlthout

apprec1able deterloratlon were 2- 3 days at 10° C, 7-9 days1at”;'df

45C’and2527daysat02c

Muzikar (1970), exam1ned the 1nc1dence and 1mportance.ﬁ'.~

K]

of yeasts and related m1croflora in quarg (tvaroh) desserts.f}ffﬁ“

Eighty = seven sampleS‘_of'vthe; dessert (prepared by adding f’d 8

sugar, fru1t syrup and Jam) were examlned by dlslntegrationf:

- . .
BN . . C A
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of 30'9 of the sample .in 90 mL of physiological saline

"solution, with final dilution of 1:10,000 using 0.5 mL

vinoculum on malt agar with 3 days’ incubatio 25°C.
15 ;a

1x10°-5x10* yeast CFU/g were 1isolated frqm amples;

5x10*-1x10°* yeast CFU/g from 27 aamples; 1x10¢-5x10¢ yeast
CFU/g from 3i samples and 5x10°-1x10°¢ yewst CFU/g from 14

samples.'GeotPiChum candidum was almost always isolated

together . with other yeasts but in lesser numbers. The most

prevalent yeasts isolated were Sacchaﬁomyces " fragilis,

Saccharomyces "cenevisiae ~and Saccharomyces lactis.

Saccharomyces fMNagilis and Saccharomyces lactis ferment
. lactose and result in senepry changes of the product with

lfidrmation of gas. The study concluded .that strict

microbiological control of the basic material, i.e. curd

used 1n the manufacture of these deserts, was required.
4

Mudretsova -Viss and ‘Zav'yalova (1970) examined . thes*

4

residual microflora 'of pasteurized milk ueedc for.. quitg

making and '_fonnd " that the predominant bacteria . were

:‘StﬁeptOCOCCUSA bovis, V‘StfeptOCOCCUS thermophzlus ‘and

'StpeptocoCcus faecal is. fOccasionally | thermd%%gllc

lactobac1111 and proteolytlc bacterla were ‘also encountered
EscheFlchla ' coll ‘and thermophlllc 1aetobac1lll also .

eveloped during quarg manufaéthfe. Yeast flora.~of' freshly‘

1

made ‘Quafg conszsted ch1efly of asporogenous aeroblc-forms

-

of TgfulopSIs aﬁd Candlda species.
Aleks1eva ' ‘apd ) erkov (1977) proﬁuced _quarg

[

experlmentally contamlnated with' enterococc1 ( Streptococcus
| | ' | w
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faecalis and Streptococcus faecium) or coliforms (mixture of
Eschenichia coli and Aerobacter species). A Stneptococéus
lactis , Streptococcus diacetilactis , Streptococcus
CFemOPiS st;rtér was used; the fermentation was carried oup.
for 14-18 hours a£ 28°C. During fermentation, when
titratable acidity 1increased, the numbers of enterococci
increased 21-48 fold and the numbers of Coliforms inéri?sed
17-450 fold. The cuﬁ coagulum waé drained for 4-5 hours at
11-15°C, homogenized, packaged in nylon film in 250-300 g
bortions and stored at 8-10 °C for 14 days or at 18-23°C for
6fdays, During ,these steps of manufacture the number - of
e&terocoqci' increased to 95-114 fold and coliforms to
770-2800 fold in rumbefs.

In a’search for the causes of the "over-acidification”
défect, soured milk, yogurt and sour milk quarg samples were
examined by Kielwein and Melliné (1978). TheSe»samples were .
exam{ned for titratablé acidity, pH, lactic aéid content,

‘gentefobaéteria,‘yeagtg and molds; Lactobacillus bifenmentans»

~and senSbry properties. * The only . notabl% difference in

composition of sensorically normal and over—acidified sample.

was the amount ‘of a&cid-tasting D-lactic acid. - Initial
‘cohtaminatioﬁ_with Pseudomonas speciéé énd other proteolytic
microbrganisms - ana secondary 'cgntamination : with
Lactobacillus ' bifenmehtans‘ .resulted . in -appreciable

production of D-lactic acid which was considered to be

responsible for the above defect.
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In a study performed by Tolle (1979), the microflora of
quarg was analyzed. The.pH averaged 4.6 Qerying between 4.3
and 4.7, Staftef organisms predominated, followed by gram
positive saprophytes. A total of 17% of the samples showed
the presence of coli-aerogenes bacteria, but the number of
enterobocteriaceae Qas low (1%).

Kielwein (1981) tested .151 samples of fermenﬁed milk
and discovered  that ﬁany were contaminated wifh
enteropacter{il enterococci, yeasts or molds. Enterobacteria
were found more often in gquarg than in yogurt, Kefir ‘or
cultured milk ,producte. Of the samples tested, over

two-thirds displayed. the flavour defect described as

"high-acidity". . Determination of pH, titratable acidity and

lactic acid content revealed that quarg samples with this

defect contained significantly more D-lactic - acid than

-

normal samples. It was suspected that this increase in

D-lactic acid was due to Lactobacillus bifermentans. It is

thought that Lactobac:llus blfehmentans occurs in proteln

'dep051ts in dairy equ1pment and contamlnates the milk after™
pasteurization. It has been found ‘that its product1on of

R . . (
D-lactic ac1d ‘is- stimulated by metabol1tes of Pseudomonas

fIUOPescenS and other proteolytlc bacterla. ' e

~

2.6 Bitterness Develophent in Cheese _ ' .

~

Development of b1tter flavour in quarg is ne(/of the

méjor]. factors that affects shelf-l1feg and bonsumer

acceptability; Aithough'knowledge~is evol?in stea 1ly on
T ‘ R . \

<
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Vbitter«flavour in hard cheese, there is \éprdly any work
being done to study the bitterness problem of guarg and
other soft'unripened cheeses. Study of bitter flavour’ in
guarg and other cheeses 1s difficult because of the great
variety ,of technological parameters and the extremely
complex ~ system of enzymes, substrates and-micreqrganisms
present. However, numerous studies have been conducted on
bitterness deveiepment‘in gouda and cheddar cheese.

The bitter defect in hard cheese is attrlbutable to the
accumulatlon of bltter tasting peptides formed from casein
components.during ripening (Harwalkan andﬂ’Elliot, 19715
Raadsveld;\1953; Richardson and Creamer, 1973). Since a high
-average hydrophobicity appears to be a common pronerty ‘ef
bitter peptides (Kleter " and Visser, ' 1977), strongly
hydrophobic caseins (Mercier et al., 19720 are extremely
’sﬁsceptible “to liberation:of bitter peptides on nydrolysis.
Visser et al. (J983)'reported that B-casein, particularly
‘its"C-terminalixregioq, _formswa‘principal source of bitter
peptides in cheeée. The spe ific nature and»amount of milk
lpcoagulatlng agents, type of starter, and final pH of cheese

'are generally consydered to be contrlbutlng factors to the:
’“development of bltter;‘flevour (Edwards and- K051kowski,'

1933):. ;" ) \f* )

C.o2.6.1 influence of Renhet B N o .
’ Cheese prepared w1th rennet or rennet substitutes - may

,become mlldly ot 1ntensely b1tter. This b1tterness results"'

n\‘
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from the proteolytic .production of bitter peptides during
ripening ard storage. Proteolytic activity in cheese is due
.largely to rennet and starter or - contaminating
microorganisms,vBitter cheese is more likely;to‘be prodyced
with rapid acid producing culture than slower acid producing
strains. Czulak (H959) found'bitter'flavour most frequently
in cheese having a pH less thah 5.0 in the first week. He
suggested that accomulation of bitter-tasting peptides might
be due to increased activity of rennet at iow pH levels.
Rennet presumably hydrolyses casein to high molecular-weight
peptides, which are f%:ther degraded by the bacteria or
rennet to smaller, sometimes bitter peptides. Unless these
bitter peptides are . further, metabolized by the starter
organisms, they. will accumulate and will produce détectahle
bitter flavour (Lawrence et al., 1978)

It has been known‘ror a long time that rennet is able
to produce bitter\ peptides from casein. Gouda cheese nade
with‘an-excess of rennet was.often found ~to become bitter
(stadhouders, A1960).‘ Miik, to which starter culture and
rennet.had been added,.acqoired an extremely. bitter taste
after a - short incnbation- time (Stadhouders, 1962): The
. studies of Reiter et al. (1967) and Visser (19773)J_Showed
that residpalvrennet in cheese can produce hitter peptides.
They condncted experiments with ' starter—free cheeSes,
| whereby the acid formatlon was stimulated by ‘the add1t1on of
.4;8 gluconic ac1d lactone. Bitter peptides were produced ‘in

- these products. This was also the case when cheese was made.
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in which a certain amount of rennet, i.e., a guantity normal
for Gouda cheese, was retained. When 60% of the normal
amount was retained (normal for cheddar cheese) a slightly
bitter flavour devéloped (Visser, 1977a). |

In a study 'by Edwards and Kcsikowski (1983), bitter

peptides were isolated from cheddar cheese rendered bitter

by milk coagulating agents. Bitter peptides produced

differed in such properties as elution volume from Senhadex
gel’//mlgratlon, on silice gel, and amino acid composition.
Bitter peptides contained ‘relatively large amounts of
aliphatic, acidic and hydroxy amino acids, but small‘amounts
of besic and aromatic amino acids. The most consistené
factdrs ‘were relatively larée amcunts of glutamiC‘acidf
proline,"leucine, Qaline and the ratio of aliphatic to
acidic amino acid (0.8 to 1.3). One wouid be inclined to
deduce from these f1nd1ngs that rennet is capable of direct
productlen of ‘bitter peptldes in cheese,. |
_pgarence et al. (1972)'.prepared cheddar cheese with

i ) . .
different amounts of ‘rennet. By reducing the amount

rconsiderably below the normal value of 0.22 mL standard

rénnet per liter cheese milk}'the bitterness'ofvthe'cheeses'

prepared w1th "bitter' starters such es StPeptocoécuS

cnemonlé Hp was. decreased No bitterness could be evoked by

~an 1ncrease of two or three tlmes the normal' amoUnt of
- . . . . . . )

_rennet when | using_ 'non- bltter starters _ such . as

StreptoCoccUS-cnéMpnis,AM,; From these findings, it was

concludedblthat the major involvement of calf rennet is not
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in forming bitter peptides directly; but;rather to provide
non-bitter peptides which are subsequently degraded to‘
bitter ones by 'bitter' starters. However, the fact that non
bitter cheddar cheese can be produced; even é@hen a. three
fold. .eXCess of  rennet is 'used in combination with
'‘non-bitter' starter, mlght be also due to " the relatively
low amount of rennet retained”in this"kind of cheese
(Stadhouders and Hup, 1975). Gouda cheeseg when produced
under these circumstances ('non—bitter' ’starters.‘
Streptococcus cremoris AM; and a three fold excess of
rennet)  appears to ‘bev yvery bitter (Visser, 1977).
Apparently, rennet on its own can prdddce bitter peptides in
cheese. "Visser . (1977) reported that in normal cheese, the
action'of.rennet clearly stimulates the'starter‘bacteria to
accupulate amino acids and low molecular weight peptides. .
The amount of residual rennet in cheese had a d{stinct
influence on accumulat1on of soluble n1trogen compounds but
- not of amino acids. The productlon of soluble n1trogen was:
positively correlated with the amount of re51dual ‘rennet 1n
‘ cheese. Decrea51ng ‘the Iamount of rennet E used for
"b{tter -starter. cheeses in parallel experlments resulted in
451gn1f1cantly less 1ntense b1tterness. Vlsser' (1977) also
R showed ‘that renrnet alone has the potency to produce b1tter 3
pept1des if hlgh amounts were retalned in the cheeses.
' The' 1mportance of\the amount of rennet retalned in the

':cheese for the developmen@ of b1tter flavour was empha51zed

by Stadhouders and Hup (1975) and Stadhouders et al. (1977),
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-

~

This amount 1is not only governed by the amount and type of:
rennet added to the cheese milk, but also by the manner in
., which the curd is washed and drained, by the spH of the milk
and curd during .cheese making, and in particular by. the
cooking 'temperature. The lower the pH and cooklng
temperature, the h1gher 1s the amount of rennet retaxned in

the cheese.

2.6.2 Influence of Starter Bacteria

According to Lawrence and Pearcel(1968)/cheese starters
fall into three main groups: (i) "slow" strains (slow acid
producers), which  give no off-flavours : under normal
conditions; (ii) "fast; Strains (fast acid producers), which
have a tendency under normal copditions to proddce
bitterness; (iii)'starters, coptaining mainly StPeptbCOCCUSV
lactis strains, -which tend to produce varying degreea,of
fruitiness as well as bitterness. The starters in ‘the last
two groups are those which are comparatlvely "fast" and are
therefore the most popular in ‘commerc1al_(appl1cat1on, The
widely held belief that only Streptococcus Cheméﬁié strains
cause bitterness is not correct since many'ﬁfaét" strains of -
Streptococcus Iacftis‘give bitrter cheese (Fryer, 1969). -

Emmons et al. (1962) were the flrst group in Canada to
carry out paj systematlc 1nvestlgatlon of the effect of the

R

condltlons of manufacture on- the formation of b1tterness in

-

cheese and found"that- the main factor‘was the strain of

starter organism used. They claimed ~ that ' some starter
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strains.uhich produced bitterness were not greatly affected
yby PH, but others were affected significantly.

Lowrie et al. (1972b) have demonstrated ?ﬁat starter
bacteria have a direct role in bitterness development in
cheddar cneese;Y51nce the use of high cooking temperatures
leading to relatively low cell densities ‘'reduced bitterness
‘develooment.'A lower cell density in the cheese will result
in reduced levels of both cell wall-associated starter
proteinase‘ (Thomas et ;al., 1974; ‘Exterkate, 1975) and
intereelluler prdteinase “and peptidases (é;terkate, 1975;
Mou et al., 1975). It is presumed that starter bacteria lyse
during cheese ripening and their intercellular enzymes are
released into the curd - matrix. Mills and Thomas (1981)

'reported that ‘the cell wall-associated protelnase plays a
role in the formatlon of bitter peptldes

Gordon and Speck (1965) have -established that cert%in
starter bacterla are capable of form1ng bitter peptldes.j In
another“ study it was observed that certain strains known as

'non-bitter' do - not develop h very well if cooklng
g;;tgmperatures of 36-39° C are used ‘anchbnsequently reach a
lovwer f1na1 number in the cheese then. do certain strains
known as 'bitter' oneS'(Martley and Lawrence, 1972; Leurie
et alr,“1972a; Lowrie andf Lawrenée, 1972) Visser (1976)

prepared rennet free cheese w1th bltter stralns and found

" H'that the cheeses turned out to be bitter. In a 51m11ar study

}~5V1sser (1977) observed thqt the‘bltterness deVelopment_was

more intense when cheeses were aseptically made with the

¢
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same starter straims and w%ﬁﬁ the mormal amounts of rennet.

These cumulative effects may indicate‘a concerted but
separate action of rennet ahd certain starter bacteria in
the formation of bitter peptides in cheese.

The fact that the intensity of bitter flavbur " can
diminish during rimening (Stadhouders and Hup, 1975
Stadhouders, 1978) 1nd1cates that . certaln stralns of starter
vbacteria have the .ability to degrade bitter peotldes Slnce
normal cheese contalnlng both rennet and starter bacterla 1s.
generally  not Dbitter, desglte the fact that rennét is
capable of forming bitter .peptides, degradation of these
peptides in‘,non—bitter ‘cheese by starter bacterxa and/or
their enzymes is one obvious explanation (Stadhouders et al.
1983).

A Study of Lowrie and Lawrence (1972) indicated that
the degradation of‘casein<by rennet preduced a ?ocl of high'
‘molecular weight non-bitter peptides, some orf which were
hydrolysed by proteases vof starter StPebfoéocCi ' to low
moleculafumeight bitter peptides. These bitter peptides_yere
further -degraded to non—bitter peptides amd'amino‘acids by
peptidases of starter'StPéptOéoc}. Visser et al. g1983)'have
shown that degradation of ‘bitter peptides occurs’by the,
actlon of proteolytlc enzymes from the cytoplasmlc membrane
of bgsterlal cells, either im concert wzth enzymes from the
cytoplasm, or withogt their ald.

Kaneko  and aneda (1974) studied the cause . of

bitterness Jevelopment in yeast ripened cheese. The cheese
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was pfepared with 5.5% aneptococcus cremoris and 2.5%
Streptococcus Jactis. , together with a laieose~fermenting
yeast (5% SacchaPOMyces fragilis). The cheese was found to
be very prone to bitter flavour déveldpment. However, using

a non-bitter [Lactobacillus strain the authors were

o]

successful in making yeast-ripened cheese without any
bitternessfi : ‘ ‘ }ﬁ
'Visser et al. (1983) have studied the effect of salt

'conteht and ripening temperature on the development, of
oitter flavour. Salt strongly 1nfluenced the net result of
formatlon and degradatlon of bitter vpeptldes by bacterial
cells in gouda cheese. The higher the salt content, the

S rand s

lower the bit&@r

flavour score (Visser et al., 1983;
Stadhouders, 1962; Tuckey aqd Ruehi, 1840; Lawrence.and
Gilles, 1969). Stadhouders (1975) studied the effect of.
'r1pen1ng temperature on bitterness in gouda cheese and found
that cheese rlpened at 16 C had a somewhat more bitter

flavour than cheese ripened'at 6°C.

¢
1

2.6.3.influence of Rsychroffophic 6rganisms .

FPsycﬁrotroohic‘ organisms or thei; enzymes eXcreted id
raw ﬂrnilk',can give-:ri"se’ v‘arious defects'io cheese. While
" these: organisms usually do not surv1ve pasteurlzatlon, the
‘sllpases and proteases they produce do. These enzymes' are
carried  into. cheese and in excess could produce‘bitterness
and ranC1d1ty. Moskow1tz (1980) and Ohren. and Tuckey (1969)

observed that good qual1ty cheeses were‘ made from milk

°
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having a psychrotrophic count between 1x10’f§;10‘ CFU/mL and
lower. Hattowska (1970) reported that psychrotrophic growth
in milk before pasfeurization and cheese making produces
lenzymes that dinhibited acid and flavour development in
cheese. Psychrotrophs producé off-flavours and odors duringl
growth in stored, refrigerated raw milk which carry over
into the finished product. The fla;ours produced by-
psychrotrophic bacteria in milk and dairy 'pfoducgs are
bitter, fruity, putrid, rancid and acidic (Mikolaacik,
1979).-In'anqther study, Juffs fl974) used protease. from
Pseudomonas species as coagqulants of milk for cheddar cheese
manuﬁécture. It was found that the body of the cheese made"
with protease as coagulant was soft becaUSe'yheyvéxpulsion
was reduced and proteolytic activity debreased_ witﬁ thé
_increase in the acidity. These cheeses were found to have a

0

bitter and unclean flavour.

2.7 Nutritional Value of Quarg -

"_‘Quarg is a soft, unripéned fresh 'chgese. It is

nutritious and easily digestible. The nutritional value of.

'_quafg\is presented and compared with theE*sxgry.products in

LY

Table 2.2..

<

g e Accbfding<tb,regulation§ in & st Germany. ' (Czulak and
/ Hammond,1973);4,siim milﬁ quarg should éontain not leSS than:'
18% (w/w) of milk solids. Fat enriched varieties ,hEVe' also
- become «poéular; ‘some productsv being mérketed méy ¢ontain
ffO%; 20% of 40% of fat in dry matfér. Whéthef low¥£at or /,*\./

e

!
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Table 2.2 Nutritional vélue of differ?ﬁf dairy
)

¢
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————

broducts (per

~
100 g)
: / N
) /
Products. Kilojoules Protein Carbohydrates Fat =~
(q9) “(g) (g) ////'
\ o7 (
. \ S T
Al ;
Milk 270 3.3 Ny 4.9 3.6
 Yogurt 286 5 " 7 2
h ‘ \ :
Full-fat Quarg 508 11 \ 4 @, 7
. : \ .
.é§ottage cheese 437 12 \\_ 34 5
v .
Cream cheese 1487 vk V3 % .38
Sour cream - 559 3 \\\8 % 8 .
Mayonnaise 2999 Erace . trg§e 79
. . e \ »
Margarine 3024 trace trace > 81
Butter 3276 3.2 3.5 \ 82
c o Y % M
N
Sodréé}'Renngr (1983)
b | :
‘ ‘.t % ¢ .
. f‘i“
. R \‘
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fat- enrlched quarg made in the tradlﬁignal way by synere51s

of ac1d coagulated casein has only aBout twice: the SOlldSv‘

content of milk and has lost many valuable milk 'components‘ "

such as whey protelns lactose -afid water-soluble vitamins
and mlnerals , o ' -
Kruglova ' and. Bubnova (1962).conduéted Studies on. the

p0551b1e enrlchment of quarg with vitamin B,,. Special

cultures of propionic and lactic acid bacteria 'in equal-

proportions (5% total inoculum) ‘were ,’used _in- . quarg
productron “for vitamin B,, enrlchment of the product The(n>~
avenage content of vitamin 812 in 3 batches of quarg, each‘
from 1,000 Kg mllk was 130.1 ug/kg versus 12 3 ug/Kg for
the control quarg made with normal starter The flavour- and
con51stency :of_ the enrlched guarg were’ as good as those ofy
the control product. on storage at 0. 5 C _the vztamln B,z
ent of the‘%xperlmental quarg ‘declined w1th tlme, by 22%

7 days’and by :34% after 2 weeks, wh;le’ that of,_tne'-
61 quarg showed some 1ncrease. » | B

r Llpatoy_.et_ al. (1974)» produced quarg 'bj dtrect R

acidificatiOn' of' milk. w1th lactlc ac1d No’ d1fference in S

,'proteln, P Ca contents and nutrxtlve Value- was. observed

-

when’ compared w1th quarg manufactured by the conventlonal

:'batch~method. ZH o ',' o e

Korolczuk et al (1975) examlned the effecb of heat

treatment of’mllk on ‘the nutr1t1onal value of quarg* Quarg

samples- were taken from commerc1al productlon, where*the*~

vfmllk was pasteurlzed for 15 sec at 75 c, . -well from
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’ experimentai production, where the milk was heated ;either
“for 20 min at 65°C or .for 5 min at 95°C..The protein was
precipitated by acidification usipg either microbiological
or -chemical. agengs (hydrochloric acid orllactic acid at pH
*4.6 and 35-40°C), or by rennet and CaCl, (0.2% at 95°C).
Protein retention in quarg produced from milk heated at
75° or 65°C was at the 77-79% level, increasing to 88-91% at
95°C. Thls was caused by the transfer to the quarg of about

90% of the ﬁ lactoglobulln and 60% of the a= lactalbumln The

;' - . .
main change in the amino acid composition was an increase in

the'content\of cystine to 1.3g/16g N in quarg from high-heat
milk compared with-0. 79/169 N from low-heat milk. Riboflavin
' retentlon with m1crob1al -acidification of the mllk‘ was at
‘35% level, compared to 23% for_chemlcal prec1pitation‘ofdthe
prpteén reéardless.o;‘the temperature and tﬁme - of 'heating.
" The production 'of“ guarg from high heat milk should be
increased because of the higher proteln retentlon‘and hlgher
nutrztlonaI. value.' The PER value :of ~a- lactalbumln ~and
8- lactoglobulln are 4 0 and 3 5 respect1vely, whereas that
of caseln 1s 2.5 (Renner, ]983),,

Review of l;teratunqlbrevealed 'tHat very limited

!

- researCh_ has been carried out on bitterhess development

;durlng storage and dn the .shelf- llfe problem of quarg. Most
.of, the 11terature art1cles c1ted are from Europe where the
'probIEms of bltterness and extended shelf life are not of'
f'great concern“_51nce/ouarg;1s not stored more than 5-7 days |

'after product1on and is consumed fresh Some of the research
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papers are in the form of patents while others are in
languages other than English which makes it difficult to
obtain detail information on various aspects of guarg. Quarg
is a Helatively new dairy product in Canada and other areas
of North America and as suqh very little data on production,
storage, = consumption and other aspects of guarg are
availabie. It was thereforé felt necessary to undertake this
study  in orde£ to generate research data on some of the
important aspects of quarg which affects its storaée and

marketing in this part of the world.



3. MATERIALS AND METHODS .

3.1 Experimental Approach

This study wae divided into four major sections :

A preliminary study to compare the development of
bitterness 1n gquarg produced both commerc1ally and on a
laporatory scale. This was also done to- indicate the
possible causes of’ bitterness development in quarg
dSring storage. N 4

-
A laboratory investigation of the effect of rennet level

on  bitterness - development in quarg, including

confirmation of the major findings by industrial trials.

A laboratory” comparison of four different starter_<

cultures relative to bitterness development in quarg.

A . consumer acceptancefétudy of plain and fruit quarg to

Y

evaluate consumer reaction and to predict market

Apotential of this relatively new dairy product in

Canada.

3.2 Materials

of

Various dairy supplies used in productiontand analyses

quarg were obtained from local‘industrial sources. Most

Wb

of the laboratory proce551ng experlments ‘were carrled out at

the Department of Food Science, Unlver51ty of Alberta.f

[4
4

-
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3.2.1 Milk

Homogenized and pasteurized (72°C, 22 sec) milk was
obtained from Lucerne Foods Ltd., Edmonton as ﬁeeded. All
batches were analysed by the Alberta Agriculture " Food
Laboratory.' The average butter fat content of the milk was
3.45%, the average standard piate count (SPC) was less than
‘33 CFU/mL, coliform count was less £han 10 CFU/mL and the

antibiotic test of milk was negative.

. 3.2.2 Starter Culturel

Freeze dried lactic culture-(qura'Dahica)'was obtained
from'Horah-Laliy Co. Ltd., Mississéuga, Ontario. The startér
culture consisted - of Stneptoc?gébs ]éctis, Streptococcus
cremoris and Streptococcus dfacetilactis as;iﬁdicéted by the
supplier. Other cultures used were Flofa banica without S.

diacetilactis and single strain cultures (#134 and #584) of

S

S. cremoris. : ) , Y
3.2.3 Rennet |

Sihgle strength pure calf-rgnhgt was .obtainqd from
Horan-Lally Co. Ltd;} Mississauga;jOntafio. fhe 'fenhet was
vse&f for the estimatrion of its éctiQity to Dr. R.J.‘Brdwn‘at
Department. ofs Nhtrifion and * Food Sciéﬁce, Utah sﬁafe
'University;-ALdgéh '84322,r USA. The feﬁnet ‘activity was
.lestimateé‘to be 88,rénnin units per‘mpg The method :ehﬁloyed;
E%Q%”the‘ éctivi;y” estimatioﬁ; is'désqribeé‘inpthe paper by

' Longman Buildind, 6905~116 Street, Edmonton T6H 2N2
: ' A i P 1 S



3.3 Preparation of Mother Culture
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McMahon‘and Brown (1982).

3.2.4 Fruit Pulp

"Tfopicai‘ fruit"” pulp (mixture of papaye, coconut,
pineapple, and guava) used for making fruit quarg in the
consumer acceptance study, was obtained from Lucerne Foéé'
Ltd., Edmonton. | | 4

.

3.2.5 Microbiological-uedia

The media used for microbiological analyses, obtained
from Qifco.Laborateries, Detroit, Michigan, USA, were :
1. Standard Plate Count (SPC) Agar, for total bacterial

count. ‘ _ |
2. Violet Red Bile (VRB) Agar, for.coliforh count.
3. 'Potato Dextrose (PD) Agar, for yeasttand'mold count.
. _ _

3.2.6 Chémicals

Chemicals such. as Tartaric¢ acid, Sodium hydroxidek

‘Phenolphthalein, indicator and Sulfuric acid used.in chemical
.analyses were obtained from Fisher Scientific Company, Fair '’

Lawn, New Jersey 07410, USA. -

=v.Fre'elze'di:ied lactic culture (Flora Danica), supélied by

Horan Lally, was used to make the mother culture used in the

'

1;,laboratory product1on of quarg The culture was grown in 10%

reconst1tuted skim milk. The m11k was-heated at 90¢2 C for
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« one hour and cooled to 22°C before inoculating with the
frééze'Adried culture. The <culture was set in &S00 mL
Erlenmeyer flask containing 200 mL of recongiifuted skim
milk., |

The flask, containing milk and lactic culture, was

'

incubated at 22:1°C for 16 hours until the pH dropped to

4 4.8-5.0. This culture was immediately transferred to a
refrigerator unless used Q}g;s&lg to make guarg. The above

process of reinoculation of culture was repeated three to

four times before using it for the production of qguarg. The

amount of culture used as an inoculum was 1% of milk in each

batch-of quarg made in the laboratory.
i

¢

3.4"Preparation of Rennet Solution

Requiréd quantities (o, 388, 775, 1550 and 3876 units‘

per 1000 kg) of the single strength calf ‘renpet were diluted

40 times with -water before adding to .the milk.

A}

L §
,

3.5 Laboratory Production of Quarg

The assembly used for producing quarg on a laboratory

scale consisted of”éVthermostat (suppliéd by M/S Blue M

\ f

Electric Company, Blue,islénd& Illinois, ‘USA), two stainless.

_steel containers Qf 10 liter capacity,. a .pH meter and a

recorder.- The pH meter used was axFishér 520 m@del,‘Cheese‘

cloth was used to separate  the whey from the curd. The

entire assembly is shown in Figures 3.1 a, b, ¢, d. o

N

;§£5
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Quarg samples produced commercially by a local cheese
plant were used for preliminary “and consumer acceptance

studies. For the rest of the experiments, gquarg was produced

~at the Department of Food Science, University wof Alberta

according to the procedure shown in Figurg 3.2.

All the vessels, utensils, draining pail andygcheese
c}éth used in the‘quarg produétion were sanitized with live
steam. Homogenized, pasteurized milk obtained from Lycerne
Foods Ltd. 1in Pure Pak éartons was transferred to the
stainless steel container and was heated to about 30°C; This
was then inoculated with 1% starter culture, 'prepared
before, and was incubated at 3021°C in a . thermostatiéally
controlled :waterbath; An apprdpriate rennet éolution was.
added ;fter,1‘hour of incubation and the milk waé held at
30°C for 8-9 hours till the pH dropped toc¢.5. |

The whey yas’drainéd by using a_pegforated plastic pail
covered with thréé Tayers of Cheése/qiéth. The coégulum was

? N

transferred from the’ stainless steel containers to the.

~cheese cloth with a stainless steel spoon to avoid any

physical damage to the curd. The whey was drained ~at room
temperature (22:1°C). The curd was mixed manually using . a
stainless steel spoon and packed inv Whirl Pack (500 mL)

plaStic bags. These bags were then stored at pfeéetermined

‘tempefafures~fdr'the shelf-life study. Four liter quantities

of 'milk were used for each ‘batch -of quarg made in-the

laboratory.
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@asteuriied,.ﬁomogenized Milk

X
Addition of startef culture
(1% v/v)
v

Addition of Rennet
(0-3876 units/1000 kg milk)

|

v

. Incubation
(at 30°+1°C for 8-9 hr)

[

" Whey Separation
(pH = 4.5)

i \\_.—--—’./ ‘
a’ ‘ V
‘ , Mixing of Quarg
« ‘ L . ,
. Packaging S \\\\
— v | |
Storage

3

Figure 3.2 Flow-diagram of quarg productiodn. .

£ .



3.6 §ampling of Quarg

Qﬁarg samples were mixed -hdmogeneously by manual
w{;anipulation of the Whirl Pak bag. Test samples ’Were
obtained with a sterile spatula (sterilized by dipping in
alcohol follo@ed by flaming) and were used .for
micfobiological and che;ical’analyqes. The fresh (zero time)

samples were obtained immediately.after productiod in the

labofatory.

3.7 Microbiological Analyses

!

Conventional pour plate techniques ' used for the
N ; :

microbiological analyses (APHA, 1978) were as follows:

3.7.1 Psychrotrophic Count
Psychrotrophs were estimated by plating the quarg
samples\w}th Difco plate count Agar and incubating at 7°C

for 10 days. ‘ . T

3.7.2 Coliform Count o -

.+ Coliforms were enumerated by plating the quatg samples

~with D1fco v1olet red bile Agar and 1ncubat1ng at 32 C . for

24%1 hour. The soiidified poured v1olet red bile Agar plates-

were overlayered Wth an addltlonal 3 to 4 mL. of _platlng

%

medium before  incubation to preyent surface colony

formation.
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3.7.3 Yeast and Mold Count .

Poured plates of Difco potato dextrose agar, acidified.
to pH 3.5 with tartaric acid were prepared with quarg and
incubated at room temperature (22+1°C) for three to five

days.

3.8 Chemical Analyses
The various chemical analyses carried out included

estimation of'moisture, fat, protein, titratable acidity and

‘ pH:

3.8.1 Moisture content

Moisture content of quarg was estimated following the

 BOAC procedure # 16.233 (AOAC, 1980). DupFicate samples of

s

'2.5-3.0 g were préd;ied for 10-15 minutes on a steam bath

and then placed in a forced air oven at 100°C for three

hours. The samples were then»Cooled'and weighed. The amount

of moisture was ‘determined by subtracting the weight of -

: total solid from the weight of the sample and convertlng to

percentages

.3.8.2 Butterfat R ‘ .'

"Fat estimation was done by the Babcock procedure. Nlne

woy

J@%ams of sample was weighed in a 50 mL beaker and diluted

with 2 mL of dlst1lled water. Flfteen mL of concentrated;;

sulphuric acid’was-added to the dllutedj sample - and mixed

vith ‘a glass rod. The mixture was transferred to a 20%
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Babcock cream bottle and the -beaker rinsed wWth —afi~_
"additional 3 mL concentrated sulpbhric acid. Thereafter, the

usual procedure for the babcock test was followed as

described in APHA (1978).

3.8.3 Protein™ . ‘ : “ ‘

: Protein in quarg was estimated bps:giiigring toFél
nitrogen following the “Kjeldahl method (AORC # 16.245,
1980). The total protein content of quarg was determined by

.multiplying the percent nitrogen with a factor of 6.38.

3.8.4 Titratable Acidity

| Estimation’ of titratable acidity was carried out
sfollowing'the AOAC procedure # 16.023 (AOAC, 19@0). Ten
grams - of qUarg sample ’and 80 mL of water were mixed dn,a 7
| beaker with a glaég‘ rod _and tirrated with ’O'1N'~sodiud
hydroxlde sodution. Phenolptha1e1n solution (1%) was used as-
an 1nd1cator. The - ena poznt was reached when the ‘colour
:changed from m11ky white to :faint pink. The. tltratable
‘acidity expressed as percent lactic aC1d 1s gzven by

% Lactic Ac1d = mLs,NaQH X 0,09

T

a —

- 3. 8 5 Determ1nat10n of pH B :d"n‘- SR

MR 1,

szteen to twenty grams of quarg were placed in a. 50 mL
beaker. The pH meter (Flsher model # 520) was ad]usted using .-
'standard pH solutlon (lower standard Of” «pH 4 and upper.f'f

' standard of pH 7) and pH of quarg sampLe ‘Was' measured and
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recorded.

3.9 Sensory Evaluation of Quarg

3.9.1 Preliminary Study

The  purpose of this study was to compare the

development of bitterness in guarg produced commercialiy and

.on  a laboratory scale and also to ascertain the_possible

-

causes of bitterness development during storage. Quarg was

’

produced at an industrial cheese plant and at the Department

of Food Science,vgniversity of Alberta. In this study, "~ the.

triangle test '(Larmond 1977) was employed to 1dent1fy the “

odd sample tin_ quarg produced commercially and or_ a

laboratory scale. The degree. of d1ffe%ence (sllght

moderate, .much, ‘extreme) was noted .by panelists -on a-

standard 'form (Appendix . 1);( Th1s was an untrained panel'

con51st1ng of ‘men and women, randomly selecteg nfrom::staff

and student ‘members of che‘ Department of Food Sc1ence,

. Unlver51ty of. Alberta. These panellsts were further screer ed

and tralned . for sensory analyses~carr1ed out 1n-subsequent'

investigations.
[ T ’ - '

.

'testlng booths allum1nated w1th 1ncandescent llght.4 Mornlngvp

se551ons (10.00 11:30) were_used.

=3

Quarg samples were prepared"immediately after belngi‘_”
removed from 'the, refrlgerator and were served to ;thevt”%

panellsts Wlth a spoon in polyethelene sample cups. The test;;ff

Ali.v'sensory evaluat1ons .took - place Ain 1nd1v1dual;

-
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samples were identified by three-digit random’ numbers .and
the: participants were instructed as to the order in which

the quarg samples were to be tasted. Tap water was provided

~for mouth rinsings : - : f\\\§\‘

: .
-3.9.2 Panel Selection and Training

The panel screening and 'selection for subsequent
sensory analyses were based on the ability of the panelists
to recognlze lbltterness. Thls was examined by presenting
each candidate with five guarg samples (slightly bitter,
bitter; very, bltter o extremely bitter, and a good fresh

sample of quarg [not bxtter] as evaluated subjectively by

the author and an’ experf, R dairy judge). These gquarg
samples ’(excluding the"fresn‘ sample)‘ were prepared by
storing fresh quarg at 7°C for different periods of time.
untll b1tter taste developed. These . samples were presented
to the panellsts who were asked to recognize and record tHe

ﬂ

degree of b1tterness in randomly coded samples on the ballot

prov1ded (Append1x 2).

—

The selected panel1sts were tralned ;b . improve their
ab111ty to detect bitter taste and to dlscrlmlnate amongn
1nten51t1es of bltterness Tney were prov1ded with .b1tter

| water ,samplesf..prepared 'with qqinine .‘sulphate,, The
‘approprlate_solutions vere. made' trom ' 0.02 g of qﬁinine-
sulphate in one liter of water. Four different water samples.'
(sllghtly bltter, bltter, very bltter and extremely bitter)

were presented to the panellsts to taste andrlmprove their
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- l

sensation of b1tterne$s. These samples were then stored 1n’
the cooler for the panelists to try on their own whenever
they felt the need to retest their taste buds. Group
sessions were held with ‘the purposee of angeing upon
definitions, clarifyiﬁg the mechanics of testing procedures
and éhariﬁg cues in perception of flavour parameters:

Six candidates were selected. on the basiségf their
performance in pénel screening and training. fhis selected
panel | of s%x ‘judges evalhated the Qquarg samples on a
bitterness scale ef i-6 .in subsequent sensory analysis

sessions.

3;9.3 Senéory Evaluation of Stored Quarg ,

The six selected panelists.%ere ftudents ahd staff of
the Deéartment of Food- Science. All screening sessions and_.
SUBQequent taste testinq sessions were conddcted in
individdal bpoths in an air conditioned room, Test sessien
jpdgements were made under‘incéndescent~ligﬁt.

; The~érrangement of "ﬁﬁe sensory evaluétion room, and
coding precedure of the samples were as descr1bed before.
Duplicete Eamples were presented to each of the panelists,. 7
who Were . tﬁen esked to grade thé_sémples'a¢cording to the‘
intensityaof bitterness. The taste panel form provided to
thee panelists was the same as‘u§ed in the graining sessions -

as shown in Appendix 2.  Sensory déta' on bitternese vere -

' collected ‘ag weekly intervals over a per1od of four weeks.

Analy51s of varlance and comparlson of means by Tukey s test



55

were pefformed on the sensory data using ;he UniQersity
computer facilities with standard statistical packégé.
3.10 Cénsume} Acceptance Study
A consumer study was carried out .to .assess the
acéepﬁability and consumer preférence for fruit of plain
quafg in ihe City of Edmonton. A representative sample of
- consumers was used in this study by delivering the quarg iﬁ

2

person to randomly selected hguseholds.
3.10.1 Household Selection Procedure ﬂﬁj&

The .sample of consumers wés selected using the
Hendersbn's directbry -0of households: for Edﬁontoﬂ. Forty .
numbers. were taken ffom a random number table and the
addresse's ‘corrgspoﬁding to  those partftulaf 'humbered
locations on the same numbered page were%;sed as starting
points for clusters of 15 alternate households.

'The'clustér method of sampling was.chosen as being most
économicai and logisticaliy‘ feasible. :According «to Emory
*(1976), a  30% ;éfurn,in most mail-in surveys is considered
satisfactory. Accordingly, a sample size of 600 was
‘arbitrarily selected with allowance ,for non-reéponse, so
tﬁat'the actuél?;ample_would be ,close to 200. This would

. : ho . .
. constitute a 33% return. )
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3.10.2 Preﬁagation of Quarg¥Samples

The plaiﬁ and fruit quarg used in the consumer 'surVey
were éommercially made by a local cheese Elént in Alberta.
The method used in making the flavoured cheese was the same
as for plain gquarg, except that tropical fruit bulp (used
normally in yogurt)‘yas added to the plain quarg at a rate
of 20% w/w of quérg and mixed prior to packaging. The quarg
éamplés'of 125 g were pgcked in plas:ié tubs. The containers

were plain white withopt any label or instructions.

3.10.3 Sﬁrvey Méthod and QﬁeStionnaire
Samples of.both pléin and’fruit quarg were distributed
to the randomly selected households in the city along withla
questionnaire (Appendix' 3) WHich ﬁﬁag to bé'compleéed and
mailed back to the Depgrfment of Food Sciénce, University of -
Alberfé’ in a ‘stamped,l selﬁ-addressed engélope. ‘Thé
housého;deré‘were advised:to taste the proéucts, grade ’them'
and ,return >the -qUestionnéi;ev after answéfiné the‘given
questions. They were téld to use tﬁe samples as they wished
and report ‘hen and how they tried the products. They were
.aiso askéd.to repoft whether they had tried éimilar products -
vbefore':and wheﬁher'they would buy the proéucts Af tp;y were
available at a féasonable price. Eachuindividugl ‘member of
the household was:ésked to express his or her iiking.fdr‘the
product §n a six point scale and mail back the questiqnnéireA
_to the Départment_pg Food Sciedce.,?hey weré‘givén two weeks

' A T et -"“‘ ;.
.to reply, but the questionnaires were. received until. the

3



fourth week. The -résulté -of the

tabulated and analysed statistically.

57

. consumer study were



4. RESULTS AND DISCUSSION

4.1 Preliminary Study

Quarg was obtained from a local commercial cheese
‘processing' plant in Alberta in an attempt to identify the -
possible causes of quality deterioration ‘in the product At
’the same time, guarg was also produced on a laboratory scale
1n the Department of Food Science, Unlver51ty‘ of Alberta,
s1mulat1ng .the commercial manufacturing process (Figure
3.2). The rennet level used in the laboratory.production was
‘the same as in tne'industry, i.e., 3876:unit5'per 1009 kg of °
milk with 1% starter culture.(Flora Danlca) The chemical
composition of the quarg produced and of that obtazqed from
the local cheese plant is shown in Table 4.

The quarg samples (commercial and laboratory produced)
.were stored at two different temperatures {(5°C and" 10 C) for
_,8 weeks., These“two temperatures of storage were selected on
| the basislof,5°C'being the normal»refrigerationp temperafureu
‘expected in retail .outlets andAip°C'as_a'possible extreme
deviation from_normal"refrigeration temperature. The . stored
samples ‘were analysed ‘at intervals of 0, 3, 5, 6, 7 and §
weeks to assess the changes in the predom1nant miCroﬁlora,
PH and lactlc ac1d content (Tables 4.2, 4;31 4&% and 4:5l,

Sensory analyses were carr1ed~_out ‘to- bssess ;the
bitterness deveIOpment"over ‘a aperiod ‘of- Sik,ueeks, The
results'are.shown in Table 4;6"wﬁlch indicates :that“7-§

”panelists out oﬁ 10 could.identify tnefodd‘(bitter) sample

/ o -‘ " | ." 58
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Tablé 4.1 Composition of "quarg- produced on a. laboratory

scale and commercially usihé 3876 units rennet per

1000‘>kg milk and 1% starter culture ' (Flora '

A

Dani_ca). - =

 Components | " . Laboratory ' Commercial

TT Scale

T (%) - W |
| -Mqiéture | ,73.66~£ .70 | "73.92:1 0.54

© < Lactic Acid ‘-._,_”1‘.’-10_ + 0.Q3 119 +0.02
Coerotein v 100032,0020 o8y 0.18
Butterfat B 12 35:029 3. 20: 0.42 .

e

~Above ~figures are -average i ‘standard 'deViatidh‘}ofi_év; 

replicatésApefformedvcn 3 samples

N
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Table 4.6 Effeét of storage at two different temperatures
(5° and 10°C) on bitterness development in quarg
proddcea on,é léboratofy scale and commercially
using/ 1%.'starter culture (Flora Danica) an643876
units rennet per 1000 kg milk. |

~ b

Storage Number of Panelists' (out of 10) that could
. ‘ : it :

“time .  detect bitterness in quarg produced
(weeks) I et

}*‘Samples were, discarded due to microbial spbilagé

“

Tbntrained panel
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of quarg stored for‘ 3 weeks at 5°C, whereas all the
_panelists‘could oetect bitternese in samples stored at 10°C.
.In(ethe triangle“st;- 7 correct judgements from 10 panelists
are signifieant at the 5% level and 8 correct‘judgemenfs odt
of 10 penelists are significent at the 1% level (Larmond:
1977). Therefore, bitterness development in quarg was
significa?ﬁ//eften 3 weeks' of stofage at 5°C and highly
significant in ‘samples storedleat» 10°C after 3 'weeks of
storage. vBitterness in samples' stored for 6 weeks at 5°C
were highly significant. |
The yeast and mold counts of oommereial guarg samples
stored at the two temperatures (5° and 105C) ' were,
considerebly higher than -in the samples produced in the
laboratory. The psychrotrophic counts (PBC) in both cases at
two - d1fferent 'temperatures,.were, almost-1dent1cal, in the
order of 10° /mL and the ‘coliform count .wasf alweys jbelow
"10/mL (Tables 4 2 .. 5) : ‘,;-}' . :.:h L
It was evident from ihese"findihg$~ that  microbial
contamlnants ‘soeh as ;eeStS,';molds and peychroerophe mey
!'heVe?been responsibie for 'bittefneSs aevelopment ‘in, the .

quarg dur1ng storage. Other potentlal causes of this qual1ty'
2

.v»could have been rennet level culture compos}tlpn and'"
‘Tyfe etraln (Edwafds and K051kowsk1,,‘1983) Furtherj
‘istudles were cartled out to determlne Wthh of the above may:
be the ma1n factorsrfor bltterness development in the quarg

'aﬁur1ng storge.a_j- S f’{\



,'”each batch

A suréey of

retail outlets
storage temperature for dairy

9°C. It

refrigeration

66

‘temperatures at different

conducted by the author indicated that the

products varied between‘S°C to

was therefore dec1ded ‘to carry out further storage

o -

studies at an average temperature of 7°C.

4.2 Effect of Rennet Level on
It has been estabBlished

rennet is able to produce

casein which is extremely

development on proteolysis.

rennet 1is. mainly

para—casein to

by

-responsible

Bitterness in Quarg’

several researchers. that

bitter peptides by hydrolysing

sensitive . to bitter flavour

In genera%, it is thought that

Wthe  breakdown  of

the'larger peptides, while starter bacteria

liberate smaller peptides and amino ac1ds.u

In' order to unravel the actlzg

development of  bitterness

-rennet . vwere

1% starter eulture (Flora’Danica)

dduplicate7were proﬁgéed in the laboratory u51ng 0 388,_775;;"-”

% /

‘used in.parallel}quarg maklnf

rennet ‘on -the

quarg,‘ vary1ng amouﬁts of

"experlments with

‘Five batches of quarg

1550 and 3876 units: rennet per 1000 kg of ,mllk and %

starter culture (Flora

of

fFollow:ng product1on, qua g samples were stored at 7 c for 4.

‘vweeks and were analysed at weekly 1ntervals to

’veffect f7 storage on

*flactlc ac1d content.ﬁvf

nlca)

quarg produced

_predom1nant

53

The chemzcal oomposzt1on of

‘is shown in Table 4;7.‘

follow ’the.fr”
m1croorganxsms, prand}y

ot

in-"
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The results of dthe storage study (Tables 4.8-4.12)
indicate_ low level of psychrotrophs, yeasts and”molds:w//
suggegting that the bltterness development in quarg was not
the outcome of m1crob1al con:amlnedfs ThlS observation is
in: agreement with Moskow1tz (1980) and Ohren and Tuckey
(1969) who suggested  that good gquality cheese ‘can be
produced from milk having ‘a psychrotrophic count between
1x10°-2x10* CFU/mﬁ and loner. L |

The stored-samples'we?g scored at weekly lntervals by a
panel of six‘treined judges on a bitterness scale of 1 to 6
and their individual scores are shown in the .Apoendix 4,

" Table 4.13 shows. the'dmean .bitterness score- of the slx'
panelists; as seen, the score detreased .as the amount of

,renneuv'u%ed for making_quaré was reduced from 3876 units to

0 unit per 1000 kg of “milk. This decrease in bitterness

- score mignt'.have resulted from a reduted level of rennet

‘retained in.quarg when a lower amount was used 1in quarg
making,: conf1rm1ng the findings of Stadhouders*iand ang'

/ (1975) analys1s- of Qariance' was'’ performed on the.

A-

sensory data~and ‘the result is. presented in Table .4.14 whlch
{ spﬁwsA : hlghlg 51gn1f1cant« d1fference in’ .blttefneSS\
 development during »storagee-inh quarg. produoed using fl&e‘
different rennet levels:. A oomparisOn‘ofrmeéns (0-4 weeks«of.
‘storage) for -different rennet levels wasfcerried out using
- Tukey s test and the results 1n Table, 4,15 indieate’ that

bltterness development in quarg: produced thh 0 un1t and 388

un1ts rennet per 1000 kg of m1lk dlffered szgn1f;cantly from

’
[
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Table 4.15 Comparison.of means using Tukey's test

five

rennet levels wused in the production of quarg

with 1% starter culture (Flora Dariza) and stared

for 0-4 weeks at 7°C

1

3 0.2861

2 "-0.2861

12345,

- -

\ [

Sequence of Means

1 2 3 - s
1.98A4~ 125 - 15 1.93
! ; Tabléﬂof.ﬁifference‘ |
9 | 2 FRE ‘-
_ 5" 2.10 193 ° 73 1,25
4 0,85 0.68 0.48 Y 0.00
3 0:37 0.20 0.00 ‘
2 “o0.17 0.00
UL 0.00 ’
_‘i- Table of Test Values
P B 2 l_”lﬂi o 4
s fﬁdfzsé? 0.2861  0.2861  0.28€1"
R o 0.2861 .1 0.2861 ° 0.286] o

0.2861 1
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that produced with 775 units, 1550 units and 3876 units per

1000 kg of milk.

\

These findings may be explained in the light of what is

currently , known of the ‘role of rennet in bitterness

development .ln hard cheese. Lawrence et al. (1922) have
shown that the b1tterness 1n cheddar cheese can be loweredg
by reducing the amount of rennet used per llter.of milk.
Stadhouders and Hup (1975) and Stadhouders et alr-'(ﬂB7;l

‘+have correlafed ~bitterne§s development with the amount of

A
}

fennet retalned in the cheddar cheese after cheese making.
) . .
Thgs amount was,governed by the manner in which the;curd“was
,wa;hed and drained,’ the PH of milk and ‘curd "during éhesse
m;k;hg,“ ’amount 4@gd type  of rennet ahd- the cooking
, . ; .

temperature. The lowér the pH and cooking temperature the

“higher was' the amount  of the rennet retalned They also

reported that cheddar cheese hav1ng lower rennet content d1d

-

‘not . develop bltterneSs- durlng rlpénlng" Lowrle et al.

(1972b) however, contradlcted thls,-and stated that rennet

4

would not contrlbute dlrectly to the formatlon of bitter
peptldes but  wou d~ prov1de non- blnter peptldes of, hlgh
molecular we1ghts. Stadhouders (1975) ascrlbed a more act1veif‘

role’ to “rennet” for deve opment of bltterness ;lna~Goudapj-
cheese.,. SR ';».n ’ c -;'j_h_‘g >7i~"" .

Rennet 1s the domlnatlng agent for -the" productlon of

P '

| peptldes “of hzgh, med1um and‘low molecular welghts' Varlousf

p“jx}/authors have shown renn1n to be capable of l1berat1ng b1tter7

peptldes from caseln components 1n model Systems (Pelr551er» o

) >
4

¢ -



andl_Man§hon, 1976, Visser et al., 1975). Visser et al.

(1983? demonstrated from model studies that rennet generates
K

bltﬁgr peptldes by hydroly51ng a,‘ , B-, and para—x-case1n

4 ) . L | .18

Vlsser and de Broat Mostert (1977) have reported that rennet .

.. T, in a normal concentration, w1thout the presence of starter

P LI - Y

a§¥;~ bact aL was able,to accomplish _the same degradatxon_vot

_ *f-‘i

®

‘a4’ ¥ e .
l'.‘ 8,5 in and: nearly the same.~of ﬁ casein as found in

P
~

‘normal septlc cheeses. From these f1nd1ngs it is eV1dentr

>}

L

-

b1tter flavour in Quarg,“and the results in Tables' 4.13 to
- 15 show that the b1tterness development durlnzpstorage ‘was

pré#ented by us1ng 1ower levels of rennet. Thls'reductlon in

bltterness' could posszbly bdfexpla1ned by the low level of'

\

' hlgh moleéculat: we1ght peptldes produced by rennet Accordlng
<

Lawrence .et al. (1978), high molecular we1ght peptides .
‘ ‘

4 N
are degraded by tbg culture« bacteria- to ~bitter peptldes

I

*molecular welght peptldes) was ,lo?}ﬂ_thef ‘culture Abacterla”d

ST
cduld not produce detectable bluterness. R
.@‘, thterness 1n quarg ‘was at -a’ mlnlmum when .no rennet was.
L - i

'used but the yzeld was. poor .when fompared to the quarg

Ll i Lo

;.‘

'ﬁ;produced Wlth dlﬁferent amounts of renneb (Table 4 7) , Thls

;jreduced yleld could be due to 1oss of proteln and Putterfatf

X

“smoothness.plt was, therefore, declded to use J388[ un1ts[tf

'

'rennet”_peri‘1000 kg of milk in- subsequent studles.,AlthoughP*'

o.

.-
-

during storage.va the concentrat1on of the precursor (hlgh =

LI

' .durlng draéplng of whey as a result of weak curd structure.A

‘Further, “the . i urd dld{gjot possess des;rable texture and_j?

that rennet could. bé 'respon51ble for the deVelopment of -

o




X

3

-
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kS

yield was not as high as vwhen higher levels of rennet were
used in quarg making, the bitterness development during

"

storage was minimized with 388 units of rennet per 1000 kg

of milk..

- 4.3 Effect of Starter Culture.on B1tterness in Quarg

Starter bacterla are known t©o have a-role -in b1tterness

» -

L

deveﬂopment in cheese. Severallauthors (Goréﬁn,and Speck,

1965; Harwalkar and-Seitz, 1971; Stadhouders, - 1974) found

certain strains  of StPeptococcus cremoris -tb produce'

Al

‘cons1derable amounts of bltter peptldes 1n mllk w1thout the

addltlon ~of. rennet. - Stadhouders (1974) - reported that in

o.’

model -experiments,4'bLtter peptides were. l1berated from

;;ﬂ-casein by "bitterj starter, in contrast to "non-bitter"

: occurrende of b1tterness in cheese depends upon the abi

. 4
the manufactur1ng condltlons used

d‘atrains.v‘AcCOrding ‘to Lowrie and Lawrence (1972) " the.

of starter bacterla to multzply to high cel; j

Thus 2 study was de51gned to f1nd whether the Eype of
starter culture used could have a role 1n the development of
bxtterness in quarg In our, study four batches of quarg

& :
dupllcate were produ;ed w1th four d1fferent types of starter_;f

‘ﬁ”d?{ culture, keep1ng the rennet level at’ 388 un1ts per _1000 _kgi:v

Q - o
- of mxlk - The typesﬂﬁof .starter culture usedeand _the ™

The quarg samples were stored fo four weeks at 7 C to’

composxt1on of the quarg produced are shown ‘in Tahle .16' .

“ /

evaluate the effect of starter culture on bltterness

-
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development, changes in the predominant microorgan{shs, pH
and lactic acid content. The results are presented in Tables
4.i7,-4.18, 4.19 and 4,20, Psychrotroph;c, Fol1form, Yeast
and Mold Counts did not differ signifieantly,for different

)

starters g;ed, and the counts were low and similar to those
£

observed with different levels of rennet. These low countsf

suggest that the bitterness in ‘quarg. was hot' due to:

microbial contaminants,

The average bitterness scores of gquarg produced with

four different starter éﬁ}tures and stored for a period of
feur weeks are presented in Table 4.21. Although the
analysis of .variance performed on the senSory data (Table
4.22) indicates é‘ signifiéant difference among. the four
starters msedn the average bitterness scores for these
starters;are low even after four weeks of storage. The
highly significant difference (Table 4.22) among starters is

obviously due to the high relative difference in bitterness

scores between Flora Danica (with and wigthout S,

diacetilactis) and single strain cultures (#134 and #584) of
S. cremoris. A comparison of means for the four weeks of

storage for different starter cultures was carried out using

.'Tukey's test. Table 4.23 shows that Flora Danica—with and
without Streptococcus diacetiléctfs showed - similar pattern

in, bitterness score as was observed in quarg made with 1%

Flora Danica and 388 units rennet per 1000 kg of miik. But
the bitterneSs scores were ‘lower in quarg made with single

straln (#134 and #584) cultures of Stneptococcus CPemorls(

l
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ki )
n‘Table.4.23'Comparison of means using Tukey's test for four

// starter cultures used in the production of quarg

with* 388 units rennet per 1000 kg of milﬁ.

Sequence of Means

.3 4 ~ 1 -2
\ 1.05 - 1.07;- _ . 1.35 ) : ‘,1.4>3
| ’ Table qf,Difference'
| ' 3 T 1 -2
, 2 ’ 1 0.38 - 0.36 " ) '6.08 T 0.00
1. '0.30 . 0.28 ~ 0.00
4 0.02  0.00 |
3 - 0.00
\\;,‘ I Table of féstAV§lues |
| . 3 4 1 2
2 0.1807 " 0.1807  0.1807
1. 0.1807 0.1807
4 . 0.1807 -
3412 |
i -
i i
LN 4
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1of b1tterness 1n quarg dur1ng storage.-'

89

The low bitterness scores for single straxn cultures'
>

v

-(Table 4. 21) 1nd1cate that these cultures were selected frOm :

3

"non- b1tter stra1ns of Stﬁeptococcus cnemoris Martley and

Lawrence (1972) bserved that the "non-bitfer” stra1nsd,

)
L

rex1h1b1ted lower proteolyt1c att1v1ty Lowrie et al. (1972b)

reported that the "non—bitter"'Strains do/;net\ reach high

" populations , Characteristic  of- "bitter"‘ cStﬁeptOCOCCi

Aciordq‘g'to Lawrence aqd_'Gilles (T969) "slow" starter
never gi?es bitterrcheese} even when added “inm hlgh ambunts‘
to.the‘cheese‘vat S0 as_;to glve a hlgh rate of' acid

production. ‘These observatzons suggest that- the degradatxon

of high‘molecular' peptldes is lxmzted " when . "non- bxtter".‘

' strains are used and low molecular bittet peptldes may not

v R b

“‘then be" produced anf extent to cause detectable>f

b1tternes$. Thns, the concentratlon of bltter peptldes mlght

| not have exceeded the threshold at whzch bltterness c0uld be'(h

o

) detected 1n quarg made with 51ngle strain cultures (?134 and
l#584) of Stneptocqccus cnemorrs. Although the .nature :ofw
starter culture may. play én 1mportant role in productlon ofvt
’bltter pept1des from the " non- b1tter ones, ,the' level dof\

frennet appears to be’ the most cr1t1cal factor in” development

4 4 Commerc1a1 Productlon of Quarg :

~ The laboratory study 1nd1cated that the quallty defectf'

. due’ to bztterness can- be minlmlzed by us1ng a rennet level

of 388 un1ts per 1000 kg of m11k w1th 1% _starter culture



90

(Flora Danica}. Quarg samples were produced‘commerCially in
.. a local gheese plant foilowing the procedure‘shown in Figure
3.2 to~evaluate the\results of the‘laboratory study. Table
4.24 'shows the chemicai.composition"of.the QUarg produced.
" The results of thsvstorage study of commercial guarg stored
at- 7°C for ‘four\\@eeks are presented.in;Table 4.25. The
"psychrotroph and coliform counts were low, as* was observed
in-.the laporatory'stpdy.VHowever,.yeast and mold count Qas
ohigher THis may. haQe been due to improper sanltatlon
"resultlng in contamlnatzon during, commerc1al production. The
quarg,samples were evaluated every_week by the same panel of
d-six_'trained judges and their scores are presented in\}abiev
4.26, which shows that bitterness could not be detected
'after 4 weeks of storage. 'Dr.‘ E. Renner, a .Visdting\
1Professor of Dairy Technology from Justus¥Liebig University,
lWest Germany tasted the product after 10 weeks of storage at’
5° C 'and could not detect bitterness, He compared the samples
examlned to a- typlcal commerc1a1 quarg available .in West
Germany. The ana1y51s of variance carried out on the sensory”"‘
data (Table 4.27) did not show 51gn1f1cant difference in
»b1tterness scorestfor quarg samples stored for a period"of
four weeks, It Tappears that good qua11ty commerq{al quarg*
can be produced by u51ng a rennet level ~of 1388M unlts, per

1000 kg of milk with l%rstarterfculture (Flora'Daﬁ@ca).

2

» .



-

Table 4.24 Compositibn of Qquarg produced commercially with
388 units rennet per 1000 kg milk and 1% staﬁter

culture (Flora Danica)

\ /
\ _ ‘ 7
Components -~ , ' Amount (%)
Moisture o | | . 72.20°% 0.32
Lactic Acid j | 1.36 £ 0.02
. Protein - | : 9.88 + 0.12
MButteffat , | | 14.35 + 0.22
Ho . : . 4.43
P : 1
- Niedd (%) . 22.50

y . ’ . © i
/ / L A

/

/  above figures. are average * standard deviation of ' 6

replicates performed on 3 samples .
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Table 4.26 Seqsoﬁy evaluation data of commercial 'quarg

pfoduced with 388 units rgnﬁét per” 1000 ,ké of

milk

1% starter culture {Flora Danica) and
h 1
]

and

.)! .

‘stored at 7°C. e .o '

v .. Judges

- - Storage Time (weeks)

0 1.2 3 - g

O

e

2.0
2.0,

—
o
N

-—
.

O O O o o o o
(o]

. 4 %.0 .0 2.0 | 1. 2.0 -
1.0 .0 2.0 2.0 1.0
5 1.0 1.0" 1.0 5}0  1.0
SRR LU %?Q. Lo '1‘,.'0\f 1.0
6 ‘,{f‘j)b“; 1o 1.0 1.0 .o
S '1;¥1.1{O' 1.0 1.0 1.0 1o &%
_ —-—f———;ﬁ§;4¥———;———-——-———f~——-—-----—-—--;——?§% ------ 5}—5— -%:
; : Mean 1.00 .08 1117} ’ 1.693 1;?5  ,49:
s ' - ) o a
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4.5 Yield of Quarg

The yield, an important determinant of'effeétiveness of
a commercial process, 1s defined as the amount bf guarg
pfoduéed from a given amount of milk and is directly related
to 'mo{sfure content of the finished product. VYield is
%ff;;ted by the .insoluble fracﬁions >oﬁ milk, wviz. fat,

b ) . .
casein and some minerals, whereas the soluble compongﬂ(ﬁ

dad AL L

such aé whey préteins, 1actgs¢ and certain minerals do not
affectu yieid conéiderab&y,f since“most of thése components
are lost in the whey during draining. Our laboratory ;tudy
on the production of (quarg Qith five different levels of
rennet indicated that the yield. of Qquarg improved with"
intreased levels of rennet (Téble 4.7). This might be due to-

a higher degree of recovery of fat and casein by the curd L

during . quarg making. Thus, it is evident that the higher

\
\

fuarg. Although the yield was improved with a higher level

levels of rennet have a positive influence on the. yield of

of rennet, it resulted in development gf“bitternéss' during
 storage,” limiting the shelf-life of . the produgts to two
weeks at refrigerated temperatu?e. It was, therefore}
) decidéa ‘to  use -a rennet level of 388Luni£s per 1000 kg of
-milk, which éave yield df‘21.9% in the laboratory .study.
Fuftﬁer,? it ‘was‘bobserVed ‘€hat different starter cultures
used in the laborétofy7§tudy héve‘no iﬁfluence on the y{eld*
of quarg (Tablé'4.1é). éuafg was produced commeréiélly using
'388 unf;ﬁ of rennet per 1000 kg of milk and 1% 6f starter
cul;yre (Flora anic?) -and ;the~ yield was observed to be
. . o . <
» . B

¥
.
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22.5%. Lt is apparent that good quality gquarg can be
produced with an extended shelf-life without 'jeopardising
thé yield as indicated in initial frials. The value of 22.5%
is Fonsidered to be a good compromise betwgi? yield and good
product quallty with an exterfded shelf-life.

I4

4.6 Consumer Acceptance Study ) oY ,

Consumption.of quarg in Alberta is,very low comparea—to
many European countries. It was therefore considered wuseful
Eéfgééeés the consumer reaction to plain and fruit quarg and

to project the future marketing potential of this dairy

product which 1is relatively new in Alberta and in Canada.

‘Accordingly, a consumer acceptance study was conducted in

the City of Edmonton.
4.6.1 Survey Responée
Plain and fruit (tropical fruit pulp used in yogurt)

quarg samples were distributed,to 596 households‘along with

@ Qquestionnaire (Appendix 3). Of these, 223 households

responded by mailing back the forms. This constitutes 37.4%
feturn, considered satisfactory in most mail-in surveys

(Emory, 1976).

4.6.2 Opinion on Plain'and“Fruit Quarg

-

1 ' . . . ’
The opinions of respondents on appearance, flavour -and

6verall‘ quélity of plain and fruit quarg‘are presented in

.'ngures 4.1, 4.2 and 4.3. These figures indicate.afuﬁimodal,
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negatively skewed distrioution ofvrespondents' opinion, with
a peak at "like moderately" for appearance and overall
quality of both plain and fruit quarg. The oeaks for flavour
are at "iike moderately” for plain quarg and;at "like very

much" for fruit quarg which reflects consumers preference

for “"the flavour of fruit quarg over that of plain guarg. It

.»)

is a@so'ﬂevident (Figures 4.1, 4.2 and 4.3) that the
percént‘ge of respondents _expressing favoupably ("like
moderately” and "like very much") for plain quarg 1is more
than 50% (67.9% for appearance, 50.7 for flavour and‘51;6%
for overall quality) and about 70% for fruit quarg (69.6%
for appe;rance, 70.7%+ for flavour and 69.6% for overall
quality). 'The statistical analysis of the consumer
acceptance study data ’is pfesented in Table 4.28‘which
clearly indicatés consumers' preferentlal choice for. fruit
qhafg over, dﬁat of plain quarg The t-values between plaln
‘and fruit gquarg for all the qdallty attributes . (appearance,

flavour and overall) were 51gn1f1cant at 5% level and the~
mean score for fruit quarg was always h1gher than that‘ for
plaln quarg. Thus, it can be concluded that the respondents
showedda significant preference'for fruit 'éuarg .over. the

-
N

unflanoured product .

"4.6.3 Market Potential of Plain and Fruit Qdarg»ﬂ
| 'The overall IfeSult of the survey'was.very encouraging
with respect to the market potentlal of this relat1vely new

dazry product and 1nd1cates that both p1a1n and fruit quarg
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have a.good potential to become regular part of the diet in
North American\h0useholds.-Respondents' previous exposure to -
the product (;nd their willingness.to buy it are shown in'>
Figures 4.4)‘4.5 and 4.6. B

A majority of the respondents (60.5% for plain quarg
and 74.0% for fruit quarg) have expressed their interest in
buying the product (often and sometimes) even thqugh only
23.2% of them had 'tasted the product previously. Figure 4.6
indicates a unimodal distribution of respondents’.
willingness to buy .the product Qith a single peak at
"sometimes". This reflects a high degree of acceptability of
the product, even though the  previous exposure‘ of the
respondents to the product was very low, as‘shown'in Figures
4.5 and ¢.6.

The consumptlon pattern of the guarg is pres%nted in
Table 4.29 which reveals that 29.9% of the respondents .ate
the product at - lunch and 24,9% at other times. It appears

that more -than _50% of the respondents preferred to eat ouarg

as a snackfood or part of lunch.

4.6.4 General Comments ftom Respondents

In ‘addition to the acceptance scores, the respondents .

also gave numerous comments on flavour, .- texture, overall-
‘qual1ty and mode of use of plain and fruit quarg. A

1. Flavour: - Majority of the respondents liked the flavour'

’? of fruit quarg. Some of. them have also given favourable

mcomments on_pla;n quarg flavour. A few have commented
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Figure 4.4 Respoqdenté' previous exposure.

'fo;'quérg; The

numbers at the top of »bars'“iﬁdicate tbtals of

respondents -ip each category.
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e
Table 4.29 Consumption pattern of quarg by respondents.
Consumption B % of Respondents
. ‘ B \/ / -
Time o /
\__/ .
Breakfast 12.2
Lunch - 29.9
Supper / 18,1
‘Other - - ‘ 24.9

More than one meal . 14.9
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that the plain quarg was slightly acidic in taste, whereas
the fruit quarg appeared to have artificial flavour. They

also indicated that it will take some time to get used to

.inquarg flavour. One of the attractive characteristics of

guarg appreciated'by respondents was the "absence of salt”
No respondents found guarg to be bitter tasting
2. Texture: In general, no texture defect was p01nted ,out

Most - of the _respondents liked- the smooth texture of

-

quarg.

. :
. ! , : A
3. Overall Quality: Most of ‘the. respondents 'lzked .the~

overall quality of both plain and fruit'quarg. A few of

the respondents described quarg as "thick_ yogurt" and

tar

did not like the overall appearance. i

4. Mode of Use: Most people consumed quarg with crackers,

on toast, in sandwiches, in salads ‘and _on buns. Some L

‘also ate quarg mixed-with seSsonlngs. Some respondents

*
also used qua9§ as a substitute for sour,cream on . baked

\

potatoes, while others used it in cheese cake and alSo‘

+

as a dessert.

-

potential:for fruithuarg heihg acoepted ~as a . new dairy‘"

product is gteeter ‘than plain quarg Mejotityd'of the

tespondents have 1nd1cated a h1gh degree of acceptab111ty of

both' plain and~ fruLt quarg, even though most of them»were‘

It is evident from the results of the;survey g¢hat the:

]

not exposed to the product prev1ouslyd Respondents : comméntx-

.'on quar be1n "no- salt" product can be used ‘as: a
o O q g g. ‘

'vmarketlng'strategy to_ 1ncrease 'the:.sale f .th1$ soft
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‘5. CONCLU$IONS AND RECOMMENDQTIONS

Quanﬁ%is a relatively new dairy- product on the Canadian
market."I%S consumption in Alberta is Qery léwvcompared to
many European countries. . Bitterness in the commertially
available quérg was a flavour defect that limited the
shelf-life of this product to two weeks and conseguently the
pfoduct ¢ould’ not be marketed outside Alberta. This study
was aimed at investigating thg possib%e, remedies for the
bitterness’ development in quarg during storage and to
ascertain the market potehtial' of this dairy product in

Alberta.

5.1 Summary of Results

Our investigation with five differént levels of rennet
indicated that.the quantity of rennet used has a stﬁong
influence on the development of. bitterness during storage.
"The intensity of the bitterness development increased when a
higher -. level of rennet was wused. It was found 'that’
bitterqess deveiopment could be prévented by decreasing the
rennet level from. tﬁe amodnt used by industry}i.e., from
3876 units‘to;388 units per 1000 kg oE‘milk. The quarg thus
proéuced Fodld be stored for more ithah 4 weeks at
refrigefation‘temperature without development of detectable
bitternéss. prevér, to prove this statement conclusively,
further gtudy would be desirable on the retention of rennet

in;quarg. The counts on psychr¢trophs, yeasts and molds were

10& (Tabies 4.8-4.12) even after 4 weeks of storage. These

109
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low 1levels of ‘predominating microorganisis indicate that
their involvement in bitterness development is wunlikely,
since non-bitter‘ cheeses were produced w?th counts higher
than those observed in this study.

Tgf study on the effect of starter eulture on
bitterness development did not indicate a major ‘role of
starter organisms in Dbitterness development in quarg. The
average bitterness scores (Taﬁle 4.21) on guarg produced
witﬁ four different starters indicate that these cultures

.
did not produce a hﬁgh degree of bitterness after 4 weeks of
storage. In the case of s lee strain cultures" of
Streptococcus cremoris the bitterness could not be deteeted
even after 4 weeks of storage. This study with starter
cultures confirmed that the amount of rennet used in' quarg
making piays a dominant role 1in the development of
bitterness in quarg. The counts on predomlnatlng organisms
such as psychrotrophs yeasts and molds were low and similar
to those observed with dlfferent levels of rennet over :a _
perlod of 4 weekS/’

/ * -
The. resulté of the laboratory study were translated to

2 ]

production oﬁ quarg in a commerc1al environment. Quarg was
produced witH\388 unit§ rennet per 1000 kg milk and 1%

\\_//

starter culture (Flora Danica) in a local cheese plant
according to the standard procedure (Flgure 3 .3). Following
production, quarg samples were stored 'for a period of 4
weeks at 7°C. lThis‘study again indiéated that good quallty

.commerclal quarg, with an extended shelf- l1fe of at least 4



i

/
‘ R R s S
weeks, can be produced if the rennet level is decreased from

3876 units to 388 units per 1000 kg of milk.‘ Bitterness
could not be detected in this commercial quarg after 4 weeks
of‘storage'and the yield was similar to that produced with
3876 wunits rennet per 1000 kg milk. |
The study of the consumer acéeptaﬁce of quarg was very
encouraging. Though quarg is a relatively new dairy product
in North America, the'fespondents have reacted_positively to
plain ‘and~fruit quatg. This study indicatedithat both plain
and fruit quard. could have a good markeﬁ potentia} in
Alberta. Further .study should be carried oﬁt to assess the
. market potential of quarg in other areas of North Americé.
Respondents have alsé shown significant.preference‘for fruit‘
quarg over that of plaih quarg. From~/this sthy, it® was
apparent’ that‘ more research 1is needed tg develop néw
varieties of guarg wiph.different‘frﬁit and other flavours. -
5.2 Future Research Needs ‘
| Based on the resﬁits»obtéinéd in this studjp" it is
reasonablé to *Eonclude that the amount of rennet used in
quarg making is respoﬁsible for.dévélbpment 6f bitterness in
| quarg. A ‘natufél exfension of khis_JQork would be to
investigate in'detail the rétentiqn of rénngt by Quarg after
manufacture. FRurther vwork"is neéessafy to ;larify this
_éuestion4and' also to »conclusively rééolve ahy bossiblé

©

involvement of microorganisms.
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Detailed study is ‘required 'on isolation and
'
characterization of bitter peptides and the mechanism of

their formafion during storage.

In terms of future proﬁessing research, it would be
desirable to wuse ultrafiltration of high heat trgatment of
milk to increase the yield in quarg making and to make'quarg‘
from. skim milk. Further research is also needed in the area
of‘ product development. New varieties of quarg with
different fruits and other.flévours (vegetables, sea food
etc.) should be developed. Vigorous éffort_is also needed to
develop a market for. these varieties. |

The consumer stbdy‘hés indicated good'ﬁ%rket potential
for plain and fruit quarg in Alberta. With further research

-

and development, quarg can become as popular in Alberta and

other areas of North America as it is in Europe.
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'R\ ' APPENDIX 1 : TRIANGLE TEST FORM -

TRIANGLE TEST

DEFFERENCE ANALYSIS

Instruction: Here are the samples for ‘evaluation.,: B Two of
these 'samples are duplicates. Separate the odd sample for
difference only. Please taste the samples in the order
indicated

(3) . Indicate ‘the degree of difference between the dupiicate i
samples and the odd sample. : ' b

Moderate---------=-=--- . EXtreme----—---s=-~-amooo

(4) De§cribe thé_’type of difference between odd and

e e e s e e e el e e . - = = ————

___.-__.-__.._..;'_-.......—..-—-..__.___.._...._-____---—_-_‘_._-_.,._._-_..~_..._....__'... -

o R~



APPENDIX 2 : SENSORY EVALUATION OF QUARG

(m 1 .
SCORING FORM FOR SENSORY -EVALUATION OF QUARG

R4

Name --------------—-~-——--——- Date ---~-~--------ommmmooa
Sample Not Trace Slightly Bitter Very  Extremely-
No.  Bitter of Bitter Bitter Bitter

Bitt&rness ‘ o ‘ i
1
2 . /
_______ ’-—___..r—___.._—-—-._-.—.-—-—_———\_-_.__—_--.___————A_———___———_
- 3
4 o
5
3
COMMENES == === == === o e e e e

131
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. / '
APPENDIX 3. : NEW DAIRY PRODUCT SURVEY
/ v
y
As part /of a research project 1in the Food Science
‘Department ,—~University of Alberta, we are trying to
determine/  consumer likes, dislikes, and . overall
acceptabjylity,of "Quarg" (unripened, soft cheese ‘produced
commercyally in Alberta, and very popular in Europe)..

Please use the following six-point scale to indicate
each house-hold member's individual opinion about the three

indicated quality aspects for both plain and fruit quarg:
A. like very much o B. like moderately
C. like slightly D. dislike slightly
E. dislike moderately F. dislike very much
' ;N P - & '
A\ 54
< 2 G
Sample Appearagnce .Efavour Overall Number of
‘ . Acceptability member

Plain Quarg

Fruit Quarg

COMMENTS ..
) aiEE

Have you ever eaten this type of dairy product before?
If yes, where did you try it? ' =

And how often did ydu eat it? - ,
Would you buy either of %these ‘products, if they were
available at a reasonable price? ~ , .

.

Plain Quarg -~=-0ften ---Sometimes ---Never
Fruit Quarg ---Often ---Sometimes -<-Never

ﬁhét'time of the day did you taste the sample préducts.
.. f';BréékféSt.f ‘“fLUnCh._ ‘*“—Supper ‘~._‘—¥—Othef

o ?ieasé ; !eturh_ the' questionnaire in_”the stamped,
self-addressed envelope provided no later than March 15.
Your cooperation is highly: valued and'greatly;appreqiated.
Forﬁ’ﬁurtﬁér .informétibn' regarding this product. or
~ survey, please 'call Dr. Pavel Jelen, Professor, University
~of Alberta, 432-2480. . = 2 f- e



APPENDIX 4 : SENSORY EVALUATION DATA OF QUARG

Table A-4.1 Sensory evaluatiop data of fresh quarg producedh
with 1% starter culture (Flora Danica) and

different levels of rennet,

Rennet level (units/1000 kg milk)

Judges b
0 3888 775 1550 3876
! 1.0 1.0 1.0 1.0 1.0
1.0 1.0 1.0 170 2.0
2 1.0 1.0 1.0 1.0 1.0
1.0 1.0 1.0 1.0 2.0
3 1.0 1.0 1.0 1.0 (1.0
1.0 - 1.0 1.0 14.'-0' 1.0
4 1.0 1.0 1.0 1.0 1.0
1.0 1.0 , 2.0 1o 1.0
5 1.0 2.0 1.0 1.0 1.0
~1.0 1.0 1.0 1.0 1.0
6 1;9 1.0 2.0 1.0 1.0
1".0 1.0 1.0 1.0 2.0
R
Mean 1.00 1.08 1517 1.00 1.25
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I:}

Table A-4.2 Sénsory evaluation data of quarg after 1 week of

Iy

stofage.. The quarg'was produced with 1% starter

N
s i L=~ ‘
. % culture (Flora Danica) and different levels °of
v o : ,
rennet.
\ .
.Rennet level (units/100D kg milk) .
Judges oo mm s A e
o 388 775/ 1550 3876
1 1.0 2.0 1.0 1.0 4.0
\,
1.0 1,00 2.0 1.0 2.0
X \\
2 1.0 .00 Y 1.0 2.0 1.0
1.0 150 1.0 1.0 1.0
\\ . L'3,
3 1.0 1.0 1.6 510 4.0
1.0 1.0 N\ 1.0, 3.0 1.0
A\ - -
\ \ ; .
4 1.0 1.0 \\ 1.0 & 2.0 4.0
\ Sy
1.0 1.0 y\\g\;o 2.0 3.0
. \
5 1.0 1:0 MO oy 1.0 2.0
1.0 1.0 1.0 . 2.0 1.0
| Y VI
6 1.0 2.0 2.0 N, 2.0 3.0
RS
1.0 1.0 1.0 1.0 3.0

_/;A\?
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Table A-4.3 Sensory evaluation aaté of quarg after 2 weeks

of storage. -Thgg"gugrg was produced with 1%

starter culture *gFlora Danica) and different ™
. o 2 ’
levels of rennet.

o

Rennet level (units/1000 kg milk)

Judges | mm e e e e e -

0 388 775 1550 3876

1 1.0 2.0 2.0 1.0 4.0
1.0 1.0 1.0 2.0 3.0

2 1.0 1.0 1.0 1.0, 2.0
1.0 1.0 1.0 1.0 3.0

3 2.0 1.0 2.0 2.0 1.0
1.0 1.0 1.0, 3.0 4.0

.4w: 1.0 1.0 3.0 2.0 3.0
o 1.0 1.0 1.0 ,259. 3.0

5 . 1.0 1.0 1.0 1.0 2.0

| 1.0 1.0 1.0 1.0 3.0
6 1.0 2.0 2.0 2.0 3.0
,_ 1.0 1.0 2.0 2.0 3.0
Mean 1.08 . J1.17 1;50 "?, 1,67 2,83
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Table A-4.4 Sensory evaluation data of guarg after 3 weeks
of storage. The quarg was produced with 1%
starter culture (Flora Danica) and different

levels of refinet.

Rennet level (units/1000 kg milk)

Judges mmm oo e
0 388 775 1550 3876
B 1.0 1.0 2.0 1.0 5.0
1.0 1.0 1.0 2.0 4.0
2 1.0 1.0 1.0 3.0 4.0
1.0 1.0 2.0 1.0 4.0
3 2.0 2.0 1.0 3.0 6.0
"0 1.0 1.0 %0 4.0
e 1.0 1.0 1.0 2.0 5.0
’ | 1.0 1.0 1.0 2.0 4.0
s 1.0 0 2.0 1.0 6.0
1.0 . 1.0 1.0 - 3.0 3.0
6 1.0 2.0 1.0 3.0 5.0
.0 1.0 . 2.0 2.0 4.0

~J

Mean 1.08 1.17 1.33 2.17 4.50
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Table A-4.5 Sensory evaluation data of quarg after 4 weeks

of storage. The quarg was produced. with 1%
starter culture (Flora Danica) and different

levels of rennet.

Rennet level (units/1000 kg milk)

Judges —mm oo e e -

0 388 775 1550 3876
1 1.0 2.0 1.0 3.0 5.0
2.0 1.0 3.0 3.0 5.0
2 1.0 1.0 2.0 2.0 5.0
2.0 2.0 2.0 2.0 4.0
3 1.0 2.0 1.0 3.0 6.0
1.0 2.0 2.0 4.0 5.0
4 1.0 2.0 2.0 » 3.0 5.0
2.0 2,0 2.0 3.0 4.0
5 1.0 3.0 2.0 5.0 6.0
1.0 1.0° 2.0 . 4.0 4.0
6 1.0 1.0 3.0 2.0 6.0
1.0 1.0 2.0 1.0 4.0

.
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Table A-4.6 Sensory evaluation data of fresh quarg. The
quarg was produced with 388 units rennet per

1000 kg milk and four different starter

cultures.
Starter‘Cultureé
Flora Danica _ S. cremoris
Judges ' with without * Single Stfains—
i -» PE diacetilactis # 134 - # 584
_ :
1 1.0 1.0 1.0 1.0
1.0 1.0 1.0 1.0
2 1.0 1.0 1.0 1.0
1.0 2.0 1.0 1.0
3 1.0 ‘ 1.0 1.0 1.0
1.0 1.0 _, 1.0 1.0
4 1.0 1.0 1.0 1.0
1.0 1.0 1.0 1.0
5 2.0 1.0 1.0 1.0
1.0 1.0 1.0 1.0
6 1.0 2.0 1.0 1.0
1.0 2.0 1.0 1.0
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Table A-4.7 Sensory evaluation data of quarg after 1 week of

storage. The quarg was produced with 388 units
rennet per 1000 kg milk and four different

starter cultures.

Starter Cultures

Flora Danica S. cremoris
Judges. with _ without | Single Strains
| S. diacetilactis # 134 # 584
1 2.0 1.0 1.0 1.0
> 1.0 2.0 1.0 1.0
2 1.0 1.0 1.0 1.0
1.0 2.0 1.0 1.0
3 1.0 1.0 1.0 1.0
1.0 2.0 1.0 1.0
4 1.0- 1.0 1.0 1.0
1.0 1.0 1.0 . 1.0
5 1.0 1.0 1.0 1.0
1.0 1.0 2.0 1.0
6 2.0 2.0 2.0 2.0
1.0 1.0 1.0 1.0
Mean .17 1..33 1.17 1.08
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Table A-4.8 Sensory evaluation data of quarg after 2 weeks

of storage. The quhrg was produced with 388
units rennet per 1000 kg milk and four different

starter cultures.

Starter Cultures

Flora Danica ‘ ) S. cremoris

Judges - with | without Singie Strains
| S. diacetilactis . # 134 # 584

e .

1 2.0 1.0 1.0 1.0
1.0 1.0 1.0 1.0

2 1.0 1.0 1.0 1.0
1.0 1.0 1.0 1.0

3 1.0 1.0 1.0 1.0
1.0 1.0 1.0 1.0

4 1.0 1.0 1.0 1.0

1.0 1.0 1.0. 1.0

s/ 1.0 1.0 1.0 * 1.0
| 1.0 1.0 1.0 2.0

6 2.0 1.0 1.0 1.1
1.0 1.0 1.0 1.1

1.17 1.00 »'1.00 1.08
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Table A-4.9 Sensory evaluation data of quarg after 3 weeks

of storage.

The Qquarg

was

produced with 388

units rennet per 1000 kg milk agd four different

starter cultures.

~

Starter Cultures

Flora Danica

S. cremoris

Judges with without Single Strains
| S. diacetilactis # 134 - # 584
1 2.0- 2.0 1.0 1.0
1.0 10 1.0 1.0
2 1.0 2.0 1.0 1.0
2.0 1.0 1o 1.0
3 1.0 2.0 1.0 1.0
1.0 1.0 1.0 1.0
4 1.0 2.0 1.0 1.0
1.0 Y 2.0 1.0 1.0
5 2.0 1.0 1.0 1.0
1.0 1.0 1.0 2.0
6 1.0 3.q 1.0 1.0»
’ 2.0 2.0 . 1.0 1.0
e e e e ——al
1.33 1,67 1.00 1.08
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Table A-4.10 Sensory evaluation data of quarg after 4 weeks

*

" of storage. The Qquarg was producéd with 388

units rennet per 1000 kg milk ° and four

" different stafter cultures.

Starter Cultures

Flora Danica - S. cremoris

Judges with l without. Single ‘Strains
S. diacetilactis #1134 # 584
A {//u
1 1.0 2.0 1.0 1.0
3.0 2.0 1.0 1.0
2 ‘2.0 2.0 1.0 1.0
2.0 2.0 1.0 1.0
3 1.0 1.0 1.0 1.0
| 2.0 2.0 1.0 1.0
"4 2.0 3.0 . 1.0 1.0
| 2.0 2.0 1.0 _. 1.0
s 2.0 1.0 1.0 1.0
o 2.0 1.0 0 2.0
6 3.0 2.0 1.0 1.0
| 2.0 3.0 2.0 1.0
Mean 2,00 1.92 H.CB . - 1.08




