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ABSTRACT

This study is for improving the quality of cheese, which is
favorable to Korean Taste. In this work, new starter cultures
were used other than 2 kinds of conventionally used one.
Production time, pH, and physico-chemical characteristics were

checked during the maturing period.

1) In case of Physico-Chemical characteristics, The moisture
contents were 46.97, 41.70, and 48.82% respectively and nacl
level of 0.50, 0.58 and, 0.58 respectively in new starter culture
of TA-LH, TA-LB, TA-LC.

2) Melt-ability were measured as 2.49, 1.87, 2.74 cn respectively
by using new starter cultures of TA-LH, TA-LB, TA-LC.
The melt-ability was also increased by matureing and
showed differences according to the kind of start culture, and
storage period(P<0.05).

3) pH of cheese were 550, 551, and 5.20 respectively by
TA-LB, TA-LC, and increased slightly during maturing.

4) The Hunter color were L-Color 103, 227, and 122 and
b-color were 664, 11.11, and 11.78 respectively by the
TA-LH, TA-LB, and TA-LC by Chroma-meter
determination(P<0.05).

5) In cheese texture change, the hardness were 13.12, 18.94, and

7.20kg/cm’ respectively by TA-LH, TA-LB, and TA-LC.



Cohesiveness were 0.75, 067, and 0.67 respectively and
Springness were 0.92, 0.62, and 0.78/cm’ respectively while
gumminess were 9.88, 12.76, and 4.85/Kg/cm® respectively,
Chewiness were 9.12, 7.85, and 3.77, respectively and
parameter were different according to each starter culture.

6) In the Pizza Topping test, the browning color and Blistering
size showed similar results in TA-LH, TA-LB, and TA-LC.
However, The browning and blistering of TA-LH, TA-LC
were reduced extremely by 4weeks maturation while no
change was shown in TA-LB.

7) Using TA-LH, TA-LB, and TA-LC, the measure of FO and
FOFB were increased from 4.51% to 5.84%, from 528% to
6.96%, and from 7.47% to 9.76% respectively following
maturation date of 1, 2, 4weeks and samples were refrigerated
in storage condition. The mature period and starter culture
relationship also showed different characteristic in starter
culture of 1, and 4weeks only, in the TA-LB starter.

8) In the scanning election micrographs, the serum channels
were found enlarged according to maturation date and similar
results were shown in all kind of starter culture.

9) The WSN level in the total nitrogen weight were increased
from 11.16% to 13.63%, from 3.87% to 6.66%, and from
1474% to 17.29% respectively in TA-LH, TA-LB, and
TA-LC. NPN level were also increased from 2.96% to 4.74%
from 4.69% to 4.92%, and from 2.81% to 4.40% respectively



according to maturation period.
The WSN, and NPN level showed different results by
maturation period.(P<0.05)

10) FPLC
After 4 weeks maturation, some change could be detected in
x —Casein and B -Casein compare to just finished product.

11) Eletrophoresis
In all cheeses of TA-LH, TA-LB, TA-LC. the 7 -Casein
creation from B-Casein were detected after 4 weeks
maturation. By @ -Casein a band was appeared around a
sl-I and the strength of separate became gradually weak.

12) Sensory test
The score of flavors by maturation period were in the range
of 295~3.75 point. The TA-LC gave lowest point at the
4weeks. While TA-LH(2weeks) gave top point of 3.73. The
taste scores were lowest in TA-LC(lweek)/2.68 while top
point in TA-LH(2weeks)/3.59.
The Appearance showed lowest point of TA-LH(1week)/2.68
and top point of TA-LB(1week)3.50, and texture were lowest
in TA-LB(1week) (2.68) and highest in TA-LB(4weeks) (3.45).
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Wl o2k 1998 el = 2% 48 o Eo] £uHJUT o] 7pLdH FUE 2
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watn FA g £ = Melting(41%), Browning(34%), Texture(22%)% <
HAeA gErkd Ul A= AR =54 A2 AYE WFA"R Ao}

Mozzarella A1 == F % o]el2] Paste Filate®] ¥ Mol H|%4 a2 =g

_ =



A EedE buffalo o2 WEJHOY 05 Yde 982 AzHo nI2L uR
it Az 2uET ow 87 FA3] Frtste FAol U
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FHE TE AEAQ Mozzarella X2 4230 x)ubdlako) FoH52~60%,
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I.a + A

Oberg (1993)2 A A% =& dAHe % Stretching AL © A=A
Casein strand®] f%o] Frlgdtte A& Y on, Masi $(1986), Konstance
$(1992), Misty 5(1993)2 A4 =7} 23 ko] o} o] toughdtx
rubbery3l B stretchingdt= Addo] ®lekstes ZHE MAH87] 98 reduced-
fat9} low fat mozzarella cheese(°]dt LFMCg #)9] A zFAHo WAL A%
AL, Mereill 5(1994)2 FEEFH F71E A8 & 7teex, Hdd A
=37], AddE 4F, 58 AALE 5 AZYHL WAL Yo, McMahon
5(1996)2> LFMCol A A% Replacer At-&& XwtAatzde 371 oy
29 g3 AFHe EAdoe HENA Fgol AHJCH, FF AW
Replacerd] @& A& 53 2129 £2)-3183 540 233 Replacerg %=
AtstE RAE &Aooz Fafsord Aot}

Yun $(1993)2 A ERFE #H7Isld AZE Mozzarella cheeseE 4T 50
d T AR A2 715AH 4R, dNANFEH AR, = 249 W3
E ZAMR 29, Oberg 5(1991, 1992), Yun $(1993) # Kiely $(1993)& A%
FA& W3AA Mozzarella cheese?] 7153 EA3 388 2 nxe o
ol s ZAR 3, Cervants 5(1983), Masi $(1986)& X = ZAl¢] zlol=
22 4%E vIde AL Buaf

E3 Kindstedt(1990)2 X 2ZA 9] Aol7} X=ZZZ, = Shreddedability,
Meltability, Oiling off53 22 7152 SAd 93&E nx=xld da 2}
Rom HIE A= BAL M3Ed Helical Viscometer, Reflectance
Colormetryo] $&5 oz )t}

Law ¢} Wigmore(1983)2 x| ZojA gl Ra]9} Peptidese] FAdu)go) =
2ol EAdd S vAtes AL BuyP 3, Cervant(1983), Keller 5(1974)
Az 2L F 2344 5L FEFY AW, NaCl, 718 &3 wet sl
A g 3t

Van Slyke 5(1952)2 cheese vatolAl 712 %o @& 8 gako] zlo)=
A2z 716 543 AL de d%E Fou s



Yun (1993)2 Milling pH(5.40, 525, 5.10)2 A4t3 Melted cheesed] =3
! Meltability, Oiling off& Milling pH9] x}olo] Qa2 Wz Gtly By
o Guo ¢} Kindstedt(1996)& Unsalted 9 Salted Mozzarella cheeseE ] i A]
Aale Bego] ¥ZF3n 4 159 5¢ 253 oA 7A@z 27}
P o ol Unsalted Mozzarella cheeseZ %€ ®d 4 gl Serum<tol A
intact casein® ¥ RFRT £A 27U FLAME FHsteE AL A B £
#1210 Salted Mozzarella Cheesedl & 29 9+l ¢ YeElAdtn ®B oot

Guo ¢} Kindstedt(1995)2 Stretched Mozzarella Cheese®] Eo]3t n] ATz,
Nacle] E2ol=33tes 28, A=AY 5& 2AT 2a9-353 A s
Adist7] gt e 2de  ASATh Hickey(1983), El Soda 9
Desmazeaud(1982), Ohmija 9} Sato(1978)% Thermolactic starter culture = 3]
L.delbrueckii ssp bulgaricus® @¥A7}+E8) SA-o gk W37l Mozzarella
Cheese®] Cook color, melt, stretch52 ZA¥ + YdE AL Ruyon
Bartels 5(1987)2 L helveticus7} L.delbrueckii ssp.bulgaricus Rt} © &
Proteolytic® Peptidolytice] ithe RE 2AFH O, Oberg(191)S L.
helveticus culture’t Mozzarella cheese ¢ a3 AAd nx:s 93 =
Stretch 57}, Melt ¥4, Cook color 74, AXAIZ} GEHE ARS 2} w
B 0

Perry(1997) &<&  Str.thermophilus ¢  L.Lactobacilus debrueckiissp.
bulgaricus2 T7d o2l Explolysaccharide-producing culture $} thermophilus
% helveticus®] E##F 2 L Lactis ssp.cremoris % L.Lactis ssp. lactis®} 3
THE ANZE Az A EPS culture’} 8 &3Fo] 713 Eitln By
=3

Oberg 5(1991) L.Lactobacilus debrueckii ssp.bulgaricus$} S.Salivaricus
ssp.thermophilus®] B35 2 DU FF7} Mozzarella cheesed] @z Xz
o vlAle 2208 FARIY ©d FFRG BEFFIL dge) odn w1
Aok

Crawford(1985)= wAEAX ZFZEFEH EHAA Mucor miehei endothia

(]
a
parasitica® X2 & A28 renneto 2 WE| A =29 vlwd Ax = o



NAZH o, /&, FAHAN fFA8tn 2ago

Gamnot(1985)= A 2ol A FFAldl o3 dwARs VAL SHAY 3
(Lawrence, 1987)3 AZ#HA F pH, 2% Jaix EZAHE Go] weli
gte AE 2ayo

Barbano $(1993)2 rennet©] pizza cheese %% % caseing large peptideZ
starter culture B -casein® 7| 7}5E3d F23 J¥L dvtn Bago.
Yun 5(1993)2 Mozzarella cheese®] stretching € £ 41T ¢ 57C=Z 7}2%
A3 57Co @9l E8Fe] wkon], £ Nilson?} Laclair(1976)= o %%
(6.2 o discs)loll AIZE SmFAZ FoE L 7H8IEA FHe W3lE
o =48 ZAAP o Kosikowski (1982)& §9] dztg A{ 222
bS50l Mozzarella Cheese 9 ZE=H & A7387) Y3ty 2L iz x=2x
g SAsA

McMahon 5(1993)2 Mozzarella CheeseE " glol 2J3) casein®] FAF=
7b AXRA Az e AErt detds @4, F Oiling Off 7 229
o] 7k 24 9FE WA R LF P00, Breene 5(1964) i}
24& HolM =g FAY 9 Ol FE&F M ASFo Yol AL Oil
229 ANFE ZAFo2A FO <& TRI, Kindstedt $(1990)2 Shred®
=& Bacock BottletollAl & 7hsiA B E Free oild ¥& s 3
e et o] &gt

Johnson &(1985)2 Str.Salivarius ssp.thermophilus 1813 Lhelveticus®)
Galactose-positive(Gal )2 %THE9]2 Mozzarella Cheese: 7123t £t
Browning©]l A9 gitke A ] Galactosed] %¥o] Z713to] wat Browning
o] F7IgdE A& RuH

Ardo 5(1988)& A Z2&AoA Lhelveticus® 7}Exeld HEEL Casein?
THE ZFZA7]E o] olYel Peptidese EHE ZAAIE Roly, =
Amino Acid Nitrogen®] 4& F7HA 7l Aoz By

Creamer (1982)2 Cheese body$t X2 oA WaE 229 Fo3 Tz
A 829 o-Caseing Z#A7IE WP (FFH)ERY Faitel 7|9dgE
A& Bugonm F3 Gouda F& CheddarolX Bt Mozzarella Cheesedl A



a-Casein® =7} ¥de AE LHEH

McMahon(1995)& @78 HAx&u|3& o] &3l Stretching ©] & wigo
29 9¥d HdFEF 2 WALZR o] 54 Pizza Cheesedl A vlHFzE
AP o0, Fox(1989) X129 7bd TR JBQA £EL B2 9o g
Casein Matrix TA 74712 &°]Z- Phase2A 2o ZEA3™ Casein
Matrix9] @¥jidEs) aexn 2223 Foj g /Hdstsd glo] oz B
o Q& dis] Pt £ Fox(1R)E TN Fae $4LE, 238F
Casien R &5 i@ F& ul&, pH £ $FudNdEHaL, 39 /1
& T BE 89 g3 9L dedn Budgo.

Creamer(1976)= Mozzarella Cheese?l %4718t asi-1 9 .as-0
Peptide2 7t+23H1 £842LE F71E0n Hasga. @Rad L 7)
TH BA4E Ndsted FoEA ALt Aoz FHHHKindstedt et
al.,1993; McMahon et al., 1993).
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Mozzarella cheese Az Al E A/t AFE U 2N #F 33
S HFE AFE FUE AFHAYA AT FAIF) FF A4S A}
€3t J tH(Table 1).

Table 1. Composition of law milk(2)

Fat Protein  Lactose Ash SNF T.S™  Moisture
35 3.3 4.7 0.7 8.7 12.2 878

* SNF : Solid Not Fat ; **+ T.S : Total Solid

2) AT

© #A+E-1(0)3 TA-LB)

Ab Rdo] M3, Phaged 3ol %89 Bulk Starter £& Direct-set 2 A}
85| A= Str.thermophilus 9 L Bulgaricus(CRC 261)¢] £¥Z38 A48
H(Fig. 1).

@ FAHE-2(°)3 TA-LC)
L.lactis ssp cremoris, Str.thermophilus(LACTO-PROX MT 1003)¢] &3§3
TE AH&3 Y (Fig. 2).
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Fig. 1 Acid development profile of CRC 261(LB)
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Fig. 2 Acid development profile LACTO-PROX MT 1003 (LC)

® #FAH#-3(°)3 TA-LH)
Str.thermophilus TA504%} L. helveticus LH 100 (EZAL) T3 FE A}43)
cHFig. 3).
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Fig. 3 Acid development profile EZAL (LH)

Zhzke] g e E¥HO Vatel A st Al4¥ 4 e AAzY F
TE 10% NDM, MRS %2 Basal medial s %4](Wright and Klacnhammer,
1984) AA AH&¥TE B HAYPelME Fig. 1, 2, 3 A} Zo] ¥x§8 °F
¥ 37CE A% #FE HFaLe pH 559 @W7kx] wiFdch. TA-LBO
pH 550 =23 A7H& 842, TA-LCE 5217, TA-LHE 5A|7k0] 2875
Ao FFFHLS TA-LH, TA-LCAAN SAsA doje e & + UA
=3

3) Rennet

&fr A2 (Josef Hundsbichier, Austria)e Calf Rennet(Chymosin: 95%5;
Pepsin, 5%6+5%)& A& 50002 135 g& W59 112002 3Mste =24
AL& g

2. Ay

1) 3*] Mozzarella cheese A% ¥ %A

5000¢ Vatolld ¥ CaseinFate] ®]€S 1:11.28 FZ3}3t 75T/15sec



TL AT A3t ey,

d7d 9FE 34CTE W38k stainess steel cheese vat® ©]4 F citric
acid (1)} SF<(1008 #H7bsto pH 6022 A &ALt

200 ZHQA2 FAAM iR FF(Ldelbrueckii ssp bulgaricus, Str.
salivarius ssp. thermophilus)& (LB), S.thermophilus TA 054 # L helveticus
LH 100 (LH), L.Lactisssp cremoris, Str.thermophilus(LC)E& HZ3s o 34T
A 1AIZE F<F g

Calf-Rennet(Josef Hundsbichier, Austria)x Calf Rennet (Chymosin, 95*5;
Pepsin, 5% +5%)& ¥4 5000¢ © 135 g€ WzZ9 1:2002 3Mete A7}
g og 208 T AANAD. A=E AA § F 07~12cm cube AT

lo
N
of

oX
2
ofi
ko
rwq_n‘
i
2]
tlo
ol
£
N
ro
flo
k1
rlr
N
off

A 543 gy 2
°l2 <A cheesed] 3}8tH ZAo] Q&L v AH(Van Slyke and Price,
1952).

382 43C9 pH 6.0(Perry et al, 1997), pH 59(Merrill, 1994; Keller,
19795 0E 9 K3 Vatol A vjEHoi Ak pH 5502 "ola o) 712 HFY
R AAE HEo] doq A= Yot Reym vF¥oz 9 o 67C AA
g &2 Stretching¥th. Stretching €58 65T0)3t2 FAHUL o WHss=
&4l Mozzarella cheeseol /| Rennet®] @@ AR o] Fo5A4 g3Fe v}
2 Creamer(1976)2 2 13t}

700g 9P HYE A= doldt A=g doaA ) YN Ew
NaCl, 5T ¥zt gAdlM 242 §<¢ EAT BE =2 Azd ALY g
© 25% H7PEA AAHEE AT Cheese WolalE 4T old A AN A
AbdE 7k A gskgo

Az AZ AL Quarne(1968) % Micketts(1974)0) o3 @iz Aglg 3=
AxEHE §831AM Fig. 49 o] AAstgrt.

N
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Milk (Fat 3.5%)
Pasteurisation (75C for 15 second)
Cooling (347C)
Adding the Ctric acid and bulk starter (reach pH 5.6)
Addition of rennet (Rennet powder 1:100,000, 135g/5000L)
Curdling (34C, 20~30min)
Cutting of curd (0.7~1.2cm, 15min)
Cooking the curd at 43T
Total extraction of whey
Transfer of curd (to draining boards)
'
Instant stretching (curd pH 5.5)
Moulding (700g or 1000g)
Brine and Salting (14%)

'

Packing (Vacuum-packed in preserving fluid)

'

Distribution and sale

Fig. 4 Chart for Mozzarella processing using citric acid
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2) NP EEA

U d¥AdE L Milko Scan 133B (A/S N.Foss Electric, Denmark), A&
% pHE Mettier Delta 340(UKREVB)S.2 ZA g o Cheesed A& AF
SGESH AZFHAAM d7e FF FFHFE Sddtd AT 700g €FH
cheese® 2A17 92 F A 719 cheese blocke ¥ XA F 4TolA 14
Wd Baste dwd X £ 8 Naclg BH#e9 Unzl= 0 1, 2 45 F
At =R

225 A% 19 Fo Vacuum OvenE ©| &3t & Ao 1
FA &47gezA FAHYUHAOAC, 19%).

9 §FE Alg 1gol FoiA(AHUF) 2 tablet, ¥4t 14mE ¥ 31 420TC
A 50837 23 g Kjejdahl(Kjeltec 2300 : Foss)E o143ty AA%S A
Fg ¥ Cheese 1gF FA2F(mg)o 2 FA3ATH(H, 1976, AO.AC, 1995). A
332 SoxhletY (Soxtec Avanti 2050 : Foss)& o] &3l ZA Aot

rlo

[
r

3) NaCl &9 ¥4

ASDT(1966)] o) e} of 2go] X=2& AT F 100mlY] FTF
I boilingd F Wt o] &AM 25% potassium chromateS A ZFH7}
F "ojx=g 3 0.71 N silver nitrateZ 2 #35o}.

offs

&

4) pH A
Salvello ¢} Ernstrom(1989)¢] W& &&3ld 8g2 Cheese AlEE FTHFT
15moll ¥ 1 #A3tA Cheese SluryE Z A3ty =R 3t}

5) Meltability
Olsen® Price(1958), Savello®} Emstrom(1989)ell 2jgfA 7Hatgl =g 28

217 30mm, ¥°l 20mm FF 15202g 9 ¥5 % Cheese A]EE melting

tube®] reference line €l 3 AYIT vz & F 7€V 45 9

Tilt-control rackel ¥3 100 £1TC9 dry ovenolA 2283 7135t F A2
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M BZAA cheesedl 35S W5A Atk AL reference lineR & ezt

A2l (cheese flow)7}A & ZA 3] milimeter2 YERH T}

6) Free oil(FO)9] =3

Al5 18g8 5mm °]3t2 AA B3t 50% Paley-Babcock bottleo] #o] 4
w37t 74Ce Water bathell ¥o] HXA2 F 575T9 FF5 20mlE H7hs
F FA 1083 AR Y. FF4Y methanold Lil(viv) EFELARS
Babcock bottle2] w35 FFF7HA A77AA Hrbste, 283 A4 R8T 10
23 7HA FEX F, oA 283k 4R 1023 EE D, wAgor 5
27k 575C9 Water batholld #3221 ¥ meniscus® ¥F& BEsE
Kindstedt ¢} Rippe(1990)2] %% & 383t AF&3 ).

7) Mxe] &34

Color Aol MT Z2HwA o2  Spectro-Colorimeter2 =431t}
Yellowoll 4 58 blue7tA] 4 ¥ste] xto]E 71271 bt Hunter color o M
o] ztol& A= o] &= H Cheese A8+ Hunter colorel W& 1, 2,
A8

*

e

4%

8) Texture

Harvey 5(1982)°] % & &85t AxE A8E 4T WZAd 24X 5
b WolE B8, &4 580 ¥ F A 25mm 9 probeE o] &3}
7 20mm® X=E& Rheometer(Stable Micro System. England)& A}&3}4

Hardness, Adhesivness, Cohesiveness, Gumminess, Chewiness& & & 3} t},

_13_



Al

|
g

Ba1 \A3)

Fig. 5 Typical curve of the cheese measured by the rheometer testing

machine

Hardness : H, Cohesiveness : A2/A1, Springness : B2/B1

Gumminess : Hardness X Cohesiveness

Chewiness : Hardness X Cohesiveness X Spring

9 &4 Ax AYE

Cheese 10gol F 5/ 200mE 2o # &3 & & 4000<GAA 2087 94
T3t AS AMAF odx4X(Whatman No. 2)2 o 33t Kjeldahl ¥4 o
2 H2%FE AFT ¥ Cheese 1g% AA2FH(mg) 22 FEAFATHH, 1976).
10) vy A 338 AP
T84 BAdE AFAN AHR F cheese FFY 5 m o 24% TCA 5m2 7}

o] 0TCoA 1583 %A & F, 4000rpmo2 1587 48 3 F AAA

o

& T8t A2E AFY F FAL F %2 BAFAH] T, 1938).

11) FAF A2} @v]7 (Scanning electron miscope. SEM)
b %4719 AR AIRE 2x2xX6mm7t HEE AE I 2~3%9)
Glutaraldehydeol 1 A A7) 3 4ToA 6A12F AxRAHoH ZHS52 M HE

gt & 3HOoZ 1~2% Osmic acid® 1~2AF AE 13 A

A

A F FTHRTE

A A ¥ 50, 75, 85, 95, 100% Ethyl alcoholol A Z}z} 408 F<F €431, 50

A

80, 100% Isoamyl alcohol acetateh* 40% %< X &3 c}. Critical point

_14_



dryer(HCP-2, HITACHDIA 20% %< AxA2 % Ion sputter(E-1010,
HITACHD 120x9lA H43 Azl o8 FAL8u]7(S-2460N, HITACHI
JAPAN)A Al &4 &},

12) A719 %

M719% < Farkye §(1991)9 Wyo) ma} 21= 02gol Tris buffer (pH 6.8,
8M urea) 10mE FH7lstd FAF F FPLC A4 As8d 01w
mercaptoethanol& 718t 40ColA 45837 A=A ¥ pharmacia AHY
native-PAGE separtion technique 1m¢E 33} tracking dye(10% sucrose &t
o bromophenol blueE 1% *%%)0.1m< H7Fg F 204 E loading3} % o},

Apparatus  buffer2 pH 83% AMg3FOow, 200VolA 4083
preequilibrategksgn 280Vl Al tracking dye’} ul<o] & w712 YA on
amino black2.2 g F 7% acetic acid2 G A A}

13) FPLC

Cheese 2g& 6.6M Urea, 0.112M Tris, 0.112M acetate buffer(pH 6.4)20m¢ )|
g3lst FAE F 10000g1H 1083 AR5 e A AsGgon A
8-S 0.2/m membrane filiter2 o33 }& FPLC (Pharmacia LKB LCC
S00Plus, Sweden)& A}&3td &ZAIZth FPLC ¢ Mz & Table 29 2
=3

Table 2. Operation conditions of FPLC for Pizza cheese

Items Condition

Column Mono Q HR 5/5

Flow rate 1 m¢/min

Fraction size 1mé¢/min

Mobile phase 6.6M Urea, 0. 112M Tris, 0. 112M
acetate, pH6.4

Injection volume 1md
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14) Pizza Topping
=A% crust 9ol X=X 8 10gS toppingd F 460°F &E =2 conveyer
oven| A (Middle by Marchall) 583+ 7& ¥ A}3S B340}

15) B35 AL

TA-LH, TA-LB, TA-LC9 @F2 A Z® Mozzarella CheeseE 1, 2, 4 3
4 BFAANA 442 g -25T WE7)N FHFEA AP}

AFEFH 547100 BE =g FA ASHAE ) Y& WE BB
¥ A=E 4T YPANAM 1242 3F ¥ Pizza Restaurantol 4] Pizza PieZ
i FA AFUstn FEALAGT PAEFAYAR A4 yudy 2 8
A 26%E HAIY oz MASY IFT Sensory Evaluation Method(1979) 2
Davis ¢ Law(1984) o %yl we} 588 Ag3te] Table 3 3 o] =H3}
Act.

Table 3. Sensory evaluation of Pizza cheese samples

Score Flavour Texture™
1 None Very much poorer
2 Mild Slightly poorer
3 Medium Moderate
4 Pronounced Slightly better
5 Very pronounced Very much better

'Blistering * Not more than 5% of surface area covered by blister
blisters light brown color not exceeding dime-size
Melting : All cheese is melted Uniform color and texture

Stretching : Cheese strand should stretch 6”(150mm) or more

16) Statistical Analysis

AHEH LS FLW pH, Texture, Meltability, NaCl, Cook Color o dls %
gt 2 FFFF 38 BHEG EPAFI o 7 Sygus= 0 1, 2
4 59 F4 FojH}

He
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MEA S Statistix T2 2] One-Way-AovE o] &34

o8 AAHL PO.05SFEANN LSDI(T)YE o83t A
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N. 8% 2 &%

1. Mozzarella cheese® Uut =4

A Z2F Cheeseol Uk A & Table 49 2t} Cheese®] AZ TN 42
€ LH, LB, LC7} 4697, 41.70, 48822 Nieradka $(1979)¢] R 13 49.60% 9}
LC7b #At3ka, Kosikowi (1982)7F 2 EF 47.00, 47.302 LHS SAglon LB
Ao R ufe doton 4717k Y B xAwitao] 2o
o 5(1996) Buots BE FFoA BFou FRFako] BAFLE B

rr

rr

nshE AR

Table 4. Chemical composition of Mozzarella cheese made with different

three starter culture and 4 week of storage at 4°C

Starter  Ripening | ;
Type Period moisture protein fat Nacl
0 Week  46.97%0.12 2263+0.03 19.08+£0.03 0.50*0.01
1 Week 47002001 2213%£0.03 16.19£004 050+0.02
H 2 Week  4420+001 2279+0.02 16.70£0.02 0.61+0.01
4 Week  4547+0.01 22511001 1654+0.02 061%0.02
0 Week  41.70£0.01 2355%0.02 22.08=0.04 0.58%0.01
1 Week  43.02+0.03 2342*0.03 19.11+£0.03 055+0.01
o 2 Week  4577+0.03 2064+0.04 16.72+0.04 0.50%0.01
4 Week  4068*066 2161*176 1991+002 065+0.01
0 Week  4882%0.03 19.81+0.02 2067+0.03 058+0.01
1 Week  4762+0.03 21.07+0.03 19.76£0.02 0.60%0.01
Le 2 Week  40.37£0.02 24.46+0.02 17.84*0.02 0.65+0.01
4 Week  4829*0.02 2127+0.03 1858+0.03 055*0.01
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9842 Nieradka §(1979)°0] R 2660%9 A F(1991)e] W EFH
2358% Kt A UEetgon] £3 LCE M=Z¥ Mozzarella cheesedl| A 19.81%
2 oF A Yetd s ¢ + Uk

Nieradka %(1979)2 A% 20.80%, Nacl 2.00% °]&t3 B 134t B A g0
M LH, LB, LCZ AlZ¥ cheese®] A& 1908, 2208, 20.67%°] 2, Nacl&
050, 058, 058%% Zt7Z Jety dukx oz 1w &3S FA3lY Nacle Ao
Hog ¥5& o + QU

2. Meltability ¢ pH

1) Meltability

AzAF 2 A2 meltabilitys Z2o] AAx ©ZAo] oo stretching©)
HojAl = oF3te] #Y Yo Ho| Pizza MEEZA HFsA @kout UdA
71 A 2Ho] MAHATG A7z #FF34) meltability, pHE Table
5 3% #@h

Table 5. Meltability for Mozzarella cheese made with different starter

Ripening Starter .
) pH Meltability (cm)
Period Type
LH 550 2.49+0.03*
ow LB 551 1.87+0.03°
LC 5.20 2.74+0.38"
LH 551 4.72+0.05°
1 W LB 5.58 2.09£0.07°
LC 5.28 857+0.05°
LH 555 7.25+0.05°
2 W LB 5.67 2.17+0.07°
LC 550 11.07+0.05"
LH 558 11.09£0.09°
4 W LB 5.70 257+0.04°
LC 5.56 15.11+0.03°

abc Means within the same row without a common superscript differ (p<0.05)
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AZAF LH, LCZAl frozbe AAEHA ggton 1, 2, 45 £47]3ke] 2
B wet & FFA KA AN (p<0.05), 53] Pizza Pied s o
LB9] meltability7} € 3ol ¥]a] "R 2o} Stretchingo] Ht5E 27 w
Aol w2l LBE £471e selel € oz Algd®t wde  LCY
Meltabilitye =4 454 1511cm2 I X34 Fajuads ZA7 28 ua)
5787132 2572 AL Aol Pizzad ARZ HFY Aoz Azgc @
TFF WA 54471300 mE Meltability®] B]xL¥ Table 6 3 2t}

Table 6. Comparsion of meltability of Mozzarella cheese and 4 weeks of

storage at 4T

Starter Ripening Period

Type 0 Week 1 Week 2 Week 4 Week
LH 2.49+0.04° 4.72%+0.03° 7.25+0.05° 11.09+0.09°
LB 1.87£0.03° 2.09+0.07° 2.17+0.07° 2.57+0.04°
LC 2.74+£0.38° 857+0.05° 11.07+0.05° 15.11 +0.03*

abc Means within the same row without a common superscript differ (p<0.05)

McMahon &(1996)°] C:F(casein to fat ratio)& g2 Ax3 2=z #3F
=471 met Fo4 gl RAFE 28 LBoA 159 2F Alo]lE Aldsid
z 5 A2 Foidol AAHUHP<0.05).

LBol9j9] #F= £47|2%d wet @A3] Friste 4F 435 Meltability
8~14cm ol Atiiz(McMahon et al, 1996)3F B39} UA3F}. waky
LH, LCo w4471 Z2t 25 1107, 45 11.09cmolth. LC} 4F A& 15.11cnm
2 Hxdoez dsto AxdA Fedis Aol Yelwy, LBE 187~257
cm® Meltability 7} %8t 5 o] Stretching #Z4: % Shredding®] 2 Ho] A gt
et AZAEA LCE TF9 FE Foln wIADS dEA AT B Ho|n
b LBE 59 duldst Euide 83 dod o3 28 A
g} B}

Lo

r\r
oZ:
N,
P
E
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2) pH

Az2 & pHE 57440 1&g wa} ¥z} g ovi(Table 5), LH, LB, LC
o] pHL 550~558, 551~570, 520~5562.2 FFto] Wxtol7l dYoyd £
ol &gl met MM F7F em A F(19P91) B AFAE Hag}
22 W dSE & F Ut

3. Hunter 4%

Chroma-meter2 2 A 3t Mozzarella cheese® Hunter A%+ Table 73

2.

Table 7. Hunter color values of Mozzarella cheese

Starter Ripening Hunter Color’
Types Period L a(=) b(+)
1 Week 78.21+0.10° 1.03+0.02° 6.64 +0.05°
LH 2 Week 61.88+0.48° 1.18+0.04° 10.33x£0.02°

4 Week 76.25+0.42° 1.82+0.02° 10.12+0.04°
1 Week 84.81+0.02° 2.27+0.02° 11.11£0.03

LB 2 Week 71.34%0.02° 2.1410.02° 10.54£0.02°
4 Week 71.94%0.02° 1.98+0.01° 10.65+0.02°

1 Week 72.37£0.02° 1.22+0.02° 11.77+0.01%

LC 2 Week 68.33+0.01° 2.04£0.01° 9.24+0.02°
4 Week 74.21+0.03" 1.324+0.03° 8.82+0.04°

"Hunter color-color was measured by chroma-meter
L value(light to dark), a value(green to red), b value(blue to yellow)

Values in the colum with different superscripts differ significantly (p<0.05)

Mozzarella cheese®] EW2 gfn HE=g¢n dys A28 Yy Yo
(Christiam, 1984). Johnson® Olson(1985) Hunter Lab ColorimeterE o)-& 3}
o} cooking3tE F<¢tol Mozzarella cheesedl A galactose 5 X9 brown color

HAE Alolo] FA(positive)d] ATJIAI e AS Lok} Bley 5(1985)2
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€S 7H8E 9 browno 2 W33 cheesed] Eo)d AL Musly] Y3
B AdE 93t Hunter Labg o] &3t

Table 7914  %Ao] &gl et LHY L& 61.88~7821, a (lightness)&
1.03~1.82, b(yellowness)¥ 6.64~10.332 A &A72e] wet 24zt §o 28 e
Ui AthH(p<0.05). LB L& 71.34~84.81, a&= 198~227, bt 1054~11.112
YJetYy, LC9 L& 6833~74.21, a&= 1.22~204, b= 882~11.772 & #F9
/gl w2} parameterol thEiA £A7]|be @E FofHe] e Ao Y
5t tH(p<0.05).

L olAM 1 Fd LH, LB, LC & 7821, 84.81, 72372 LB9 #F o] A =
Aol 229 gw2ME JeguyA. atx 47130 wElM LHe 7tz
LBE Z4asdes 2E& Yl

A F(1991)e] =4t Mozzarella cheese®] 43& ZAMg A7 L & 77.14~90.
o™, a¥ 2.53~4.18, bt 9.73~2122 o|t}. ¥ HAFPNAME LCE A F &
FE 22 HYd Uden ax Wd:, b TY AN U ¢ F UA
o 54 71t F #FL L, a bgte vliiE Table 8 9 2t

Table 8. L , a and b value’'s of Mozzarella cheese stored 4C up to 4 Week

‘Hunter Color Starter Type 1 Week 2 Week 4 Week

LH 7821+0.10°  61.88+0.48°  76.25+0.42°

L LB 84.81+0.02°  71.34+0.02°  71.94+0.02°

LC 72.37£0.02°  6833+0.01° 74.21%0.03°

LH 1.03%0.02° 1.18%£0.04° 1.82+0.02°

a(-) LB 2.27+0.02° 2.14+0.02° 1.98+0.01°

LC 1.22+0.02° 2.04+0.01° 1.32+0.03°

LH 6.64+0.05° 10.33+0.02°  10.12+0.04°

b(+) LB 11.11£0.03°  1054=0.02*°  10.65+0.02°

LC 11.77£001°  9.24+0.02° 8.82+0.04°

* Hunter Color indices were L value(light to dark), a value(green to red), and b
vaule(blue to yellow)

Values in the same colum with different superscripts differ significantly(p<0.05)
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L a be 54713 1, 2, 456 wet 4 #5300 FAo]l A4 A.(p<0.05)

4. 279 W3t

Pizza 988224 Mozzarella cheeset: FIHA AU AEYo 2%
He2l7] M Diced && Shred #-2 #th. Shred cheese: unmelted
Mozzarella cheese®l Z=2& H7lsted F83H4 o] &5o]HHMasi and
Addeo, 1986 ; Tunick et al, 1991). M Z ¥ Mozzarella 2] 22 %4177t wa
z2 &4 ZAze Table 93 2o},

Table 9. Texture pioperties of Mozzarella cheese

Starter Rippering Hardness Cohesiv- Springness Gumminess Chewiness
Type Period (kg/cr) ness (crf) (kg/cr) (kg/cm)

0 Week 13.12+0.12° 0.75+0,03* 0.92£0.02* 9.88+0.25" 9.12+0.34°
i 1 Week 1271%0.03" 0.77+0.02° 0.71£0.01° 9.83+0.24° 698+0.21°
2 Week 594+0.03° 0.66%0.02° 0.56+0.02° 3.92+0.14° 2.21+0.11°
4 Week 0.4170.01° 051+0.02° 0.73+0.02° 0.21+0.01° 0.15%0.01°
0 Week 1894%0.14" 0.6710.02° 0.62£0.02° 12.76+0.49" 7.86+0.04°
g | Week 14897003 0.73+0.02* 0.71*0.01" 10.92+0.34> 7.79+0.34°
2 Week 8.48%0.02° 0.68%0.01° 0.65+0.02° 5.77=0.09° 3.77+0.12°
4 Week 3.7270.02° 061+0.02° 0.81+0.02* 228*0.06" 1.86%0.04°
0 Week 7.2+0.02" 0.67%0.02° 0.78+0.02* 4.85%0.14* 3.77+0.10°
1 Week 6.4470.02° 0.72+0.02* 0.65+0.02° 4.66=0.02° 3.04+0.03"
2 Week 0.6370.02° 057+0.01° 0.64=0.02> 0.36+0.14° 0.23+0.01°

4 Week 0.48=0.01° 0.47%0.02° 056+0.01° 0.23+0.02° 0.13+0.01¢

abc Means within the same row without a common superscript differ (p<0.03)

LC

=471 0, 1, 2, 4F E<tel LH, LB, LC9 Hardness: 2t #3 &2H9} £
717kl WE F o2 7Hp<0.05) AN 2™, Cohesiveness= LH A 0~130) A
© wa7E flov 2~4Fd e Foa7t e Ror etk 183 LB,
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LCAl A

=A s

RE £

[e]

Table 103 #Zt}

%4712 we} fe)4ol
A9 LHE

Ae A

0~2% 7AXE 44 713kl
% 47 WEE deh LB E BE 44
2 Uehtom(p<008), LCel 159 25 oA
A fodel e

/d 7]

22 Ve (p<0.05). Springness

ol we

%4 71zke] webd e
7 gFrel 24 wms

o2t 7 2Hp<0.05)E B 1F
71N frelgol e Ho
folz7h AR UeiA) 7| zhol
Aoz Yehtth(p<0.05). GumminessE &4 237X =
2 Aok Yoy 1 ojF2E F43] 2AsATHP<0.05). Chewiness®]
A712kel w2l LBe 0~1F8 Addenes BE
4 A H(p<0.05).

i3

A
=

—
-

Table 10. Textural properties of the cheese during the ripening periods

Ripening Starter Hardness Cohesive- Springness Gumminess Chewiness
Period  Type (kg/cm) ness (cr) (kg/cmt) (kg/crf)
LH 13.12+0.12° 0.75£0.03* 0.92£0.02° 9.88+0.25" 9.12+0.34°
0 Week LB 1894£0.14* 067£0.02° 0.62=0.02° 12.76 +0.49° 7.86+0.04°
LC  72%£002° 067%0.02° 0.78£0.02° 48570.14° 3.77+0.10°
LH 1271%£0.03” 0.77£0.02° 0.71+0.01*° 9.83+0.24° 698+0.21°
1 Week LB 14.89%+0.03" 0.73£0.02° 0.71+0.01* 10.92+0.34* 7.79+0.34®
LC 6.44+0.02° 0.72+0.02° 0.65+0.02° 4.66+0.11° 3.04+0.03
LH 594%003" 0.66+0.02° 056+0.02" 392+0.14° 2.21+0.11%
2 Week B 848+002° 068+0.01*° 0.65+0.02° 577=009° 3.77+0.12°
LC 063+002° 057£0.01° 0.64+0.02* 0.36+0.14° 0.23+0.01"
LH 041%0.01° 051%0.02° 0.73%0.02° 0.21+0.01° 0.15+0.01"
4 Week LB 3.72x0.02° 061+0.02" 081=0.02" 228=0.06" 1.86+0.04°
LC 048+0.01° 047%0.02° 056+0.01° 0.23£0.02° 0.13%£0.01°

abc Means within the same row

0, 1, 2, 453

=4 713k

o
wet 4E folAE
LH, LB, LCAle] 283
A el a7t 9174 5 A th(p<0.06),

2= A

27 M=

without a common superscript differ (p<0.05)

}= %ol LH, LB, LC9 Hardness:
B I oH(p<0.05).
LH, LB} LC7o| 459 A

Springness+ 0%} 43

A s

CohesivnessE 0~1F A



ool 3le A & F AX 1F4AE LH, LB LCAIol, 25l A& LH9}
LB, LCZol #Fox7F JYehtti(p<0.05). GumminessE 0~2F oA LH, LB,
LCY Zt #Fo Fat7t doy 4Fo M= LH, LC® LBt 371 <1
A5 AHp<0.05). ChewinessE 0~139l4 LH, LB, LCY 2z} #F7to] &2
A7 ABHAR 2, 4504 LH9} LB, LC, LH, LC% LB ol $-9 27} el
W cH(p<0.05).

Az ¥ 199 Hardness? LH, LB, LCE 13.12, 1894, 7.20kg/cr® LC7} @
A Yelgt ojAL pH9l meltability?t 7] djEo=2 Azgdd. agm
Hardness& sA43te &<¢ol HaA oz ZA4sHAM 45944+ LH, LB, LCY
BE FATAA & Aoz Zadte AL B 5 AU

Cohesivenesst 1€ LH, LB, LC7} 0.75, 067, 0672 ¥F Z&Fo & &
ool Ux AoE degon &4 4FdE ZE fFATFOZ A ZH cheese
A o}F AHA FAA} springnest= LH, LB, LC7} 0.92, 062, 0.78cm&Z LHol
A=A YER S Gumminess® LH, LB, LC7} 0.92, 062, 0.78cm& LHoA =
A A=At 18] chewinesst LH, LB, LC7} 9.12, 7.85, 3.77kg/cri2 LH
AN FA Yebgth 53] LC9 Hardnesst EF #F 3o vls] &4 77k ubet
W sol R HfAEHe FiHE 8oz AgFdoen, =4 259
Cohesiveness, Springness, Gumniness, Chewiness-& & 739} &A}3lc},
LH, LB, LCZ A|Z4d Mozzarella cheesed =4 28| wz} Hardnessd 7
2+ Tunick (1919 2 g A4 XAtk Law 9 Wigmore(1983)= X2
o ] Tl B iel peptidase] A HIES F8 AAHAAE o, casein® B
—casein°| B} o] A Eo] 7o HEe) v go] wil XM 23 EAo
gebd A= FH&d 98 Frin ok

Di palma & (1987) Swiss cheeseE 57| 98t vz Rajelo] 73t
L.helveticus®] #F& ol &g om a8 H&Fo] dld B} #FE cheese
o] &o] "ot Hugth o|BE #FF FFo wal xR xto|rt wAlE =
AL s Fgof v g, 79 Fol YA Yelyes Rer FEF



5. Pizza Topping

A 8E 460 " FollAl 583 Cooking® ¥ AMX S #93 ALR L Fig. 63 2o}

JdM BogFE ZAAA blistering® browning?] 5ol &Ad 7]3tola}
2t #3FE2 g2 JeElhgon ol HAS Alvarez(1986)2 19k A X3
o AY F 19 ¢ ¥ BEEo pizza® FYE 9 LH, LB, LC EFA
blistering™ browning® Z7l8td oy, A 4FdME LH, LC ZdA
blistering# browning &7g°] ZA A3 ¥bA LB 533 W3is 2 47}
A .

olg1g #A2 pizza bakingdts F<tol Zrado] cheese browningol H3<
7] fjFo 2 AZEE FdA Az ok Mozzarella cheesedl A g
FA 3 ol 8NN FATE FLT 4TS Igdm B 5 Yo

& Str.thermophilus® T#FE galactose EA L tiAlZ W3 A AF glo
), Str.thermophilusl 28] Lactose7} ## A wl galactose?} Hjx]ol| A
FA 3 FvlE e Aol Glucosed] ¥ 2 AR W3E ot

Lbulgaricuse %3 galactose 22 & thAlZ W3 Al 4= QdE AL o
il

rlo
e

Utz o2 42l FH o Lhelveticuss galactoseE Lactose 232 t)A} ¥3l A
A A3 2RL  Mozzarella cheesedl X T2 02 galactoseE AT

vt o, a8lx L Cremorises YW AREH7E o]Fzdn rBugro
(Wilster, 1980).

3THF AT o2 TEAR Az2e AF 4504 71ZkA Cook Colore %
s dFd g Foate qA2 7|zkel Wi F3 FALe= Aol dis
A woAo] AT oberg $(1991), Barbano 5(1993)¢ 2 ¥ W&3E
& vEA dERst

Barbano $(1995)2 2a ©®W=a R gAiyE  Starter Cultured] 9 3)

)

(

)

browning 53& Hdstedl T8 4L FIIUL Bk ZEA R

i

Fig. 7914 LCZF 2 #AMxd 2=e £4 27, LHE 47, LB 45014 544
715 7o) Pizza 5802 A Aoz Jepydo
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Fig. 6 The appearance of pizza topped with Mozzarella cheese made

from LH, LB, LC starter culture into milk
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6. WA A& 7)17k] @2 FO9 FOFB A=) ¥ g

Cheess®] & 82l A4 =& Free Oil(FO)& 2B dxja]o] os) EHA
gk Casein® #4727t A% AXUA Cheese U Abo] 257 Qil
Pocketso] A=+ dA o2 Oilling Off 32 Fat Leakagedtii® ¥l 92t}
(Tunick, 1994). Ztchgk FO°] A& HITo HAW tholojE 2 Fo gt X
vlate] w2 d4or ZR A" F UAvkeE FAY 9§ Pizza Pieo 9|3
el FAE AsAzle A4 Aoz A4 uh(Kindstedt and Rippe,

1990). Nilson(1974)2 FO<2] A Ado] CheeseZ 2o #Wetxs Caseindl w3l A

AL

WoHl, 2% 5%, Cheese®l pH @ £A4% Fol 93¢ v s 2%
2 Kindstedt ¢ Rippe(1988), Kindstedt(1993)= W A %7 7te] ©r& FO9
Aol AR 457 F 40~50%AH = T/t 213k o5, Kindstedt o}
Fox(1991)%= Fat on a Dry Basis(FODB)®] &l wte} A7 43S wedn
Atk Cheese® %4712l W& FO9F FOFB9 AyitaF wist= Table 113

2.

Table 11. FO and FOFB contents in Mozzarella cheese made with different

three starter curture for refrigerated storage pericd

Starter Ripening FO'(%) FOFB*(%)
Type Period
1 W 451=1.01° 24532516
LH 2 W 5.74+192° 34.36=11.44°
4 W 5.84+188° 35.23+11.42°
1 W 5.28+0.03" 30.72 = 2.81°
LB 2 W 5.88+0.66" 35.16+3.90
4 W 6.91 £0.86" 34.72 = 4.28"
1 W 7.47+151 37.78+7.61°
LC 2 W 9.76+0.69" 54.69=3.82"
4 W 832+2.14° 46.3529.94%

abc Means within the same row without a common superscript differ (p<0.03)
1 FO = Free Oil Cheese
2 FOFB = Free Oil in Cheese Fat Basis
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FO #4%3& %4717 @& LH, LCH#F ol F940] QAAHA ¥gkor}
LB 1, 4FME B3 FoAx7t YeEbth(p<0.05). £ FOFB2 A4 ZF&
=471 mel LH, LB ool AAHA ggtoy LCY 1, 25 A o)l A
freldo] AA=HAHP<0.05). LB 4F & Adatd  5(1997)°) 21§ FO
¢t FOFB9 A4 % 460, 490, 510, 590 ¢ 27.15, 2893, 30.11, 34.83% =% %4
712kell wrel FrbsttkeE A FAR .

1, 2, 457 4712 Wi¥ LH, LB, LCZtol FO, FOFBY A4 3¢ wlu:
Table 129} &t}

Table 12. FO, FOFB of the cheese during the ripening period

R;i?;zg S;r;:r FO'(%) FOFB*(%)
LH 451%+1.01° 245315.16°
1w LB 5.28+0.03" 30.72+2.81°
BC 747%151° 37.78+7.61°
LH 5.74+192° 3436+ 11.44°
2w LB 5.88%0.66" 35.16£3.90°
LC 9.76 = 0.69" 54.69+3.82°
LH 5.84=1.88 35.23+11.42°
4 W LB 6.91+0.86° 34.72+4.28°
LC 8.32+2.14° 46.35+9.94°

abc Means within the same row without a common superscript differ (p<0.05)

1 FO = Free Oil Cheese

2 FOFB = Free Oil in Cheese Fat Basis
159 FOolA+= LH, LB LC9 FOd w3 {

T

LBt LCAIA #ojat7h A s A1

A ey FOFB
A= Foabrh vEhR] 2 bth(p<0.05). AR77F 259 FO9 FOFBE: LH,
4F e BRE FFo g FO, FOFBel
et A gl g Fola7h e A2 YERtH(p<0.05). LH, LB, LC ¢



FO ¢ FOFBS A4 %2 AxAF9 vzP& w £A4770) F7hee e
4.51~584, 528~691, 7.47~9.76% < 24.53~35.23, 30.72~35.16, 37.78 ~54.69%
2 Az Frkele Aog Yeind o Aze ¥ AHA73to]l ZF7Hit)
2} casein®] E3MH FETHol FAaH7] WEe FO 9 FOFBY 3§}akol
% 7Fth= Kindstedt 5(1990), Kindstedt %(1991), Tunick 5(1994)9] » 19}
228t Aqd. 53] LC7t FO ¢ FOFB ¥4 #Fo] Z718 AL S40] Hol we}
B 3o vz g A R Y43t Protein strand% ol serumd ddYE
Aol Htez Yo oz FEHrh

7. 34 AR An7

T3 2 A7 g2 uHFRE ZAE7] 984 Cheesedl EHTZRE
FARAE F o2 #HAGAHFig. 7). 2@A BKo] dulFoA Ydeld 1
Aol A Protein matrix  Eellol @ol Zet £ &% AR ey, =
2ol atol7h trE2 A UEE RS B F o

olg}gt FXEL Stretching Foll cheese curd ¢toll 7}5Fol- Q& whey
pocket, fat-serum¥ 3} B]3:3}0] Nonfat cheesedl A= fold €27} @A o
A71% A YErso

Salted cheesedl A& FHg 7&7F ¢f Beo] YEl 2, serum channel® =7)
¢ =27 d2A YElvdeE AL sAsle Eod 7153 W3 = paracasein
matrix®] AR ZRE FRdtn FZ Y H(Paulson, 1998). 54 3ol upa}
A oA FxRE fFIACl FAHoR FAHAAE AG HE FFoAM B
T AR

oleld W Al s F deiA YA FAW gas KA, Aol B
¥ 3}, Protein matrixe] ©l AR ae} Bao) Qe Ao7 FZ=Hr} Pa quet
2} Kalab(1988)%= Mozzarella cheesed| Al 7ol @& pATx2g #AFPoy
IR AgAF e} Bedo] vk By

Fig. 7 oM A7 dAH oz P72 Yepdttd 435 kol 2719
A A Ao FrtE ol Aol Aot Aol BA s dojdut
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= ZA3AM 49340 me} Free oilo] 275 E o] Ba5oja Aol
Nonstarter Lactobacilli &-&  Streptococcus thermophilusell <& A%

Carbon dioxide gas © Curdell & 53z vlH TR X gas pocketsE A 3t}

Taneya 5(1992)& <24 wa} Protein strand 7} 22% XY 7lsoA 1

e W B ke FRFFol Bol 24 RedA AAY FHEM

r

FAsA s ZAdol Aoty Hadoh B APoME 4o Ay o)
2Azte] oA Agdel Frtgon o2 A% Axd FE Rest Yy

3 %4712k welA LH, LB, LC9 Serum channelo] %] FO7} Z7}st=
8<ol ° Aoz AuH" &% Serum channeldl W A7 FO, 223

HE @4 Fgeled £ 2 Aoz Amdd
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1 Week 2 Week 4 Week

Fig. 7 Scanning electron micrographs of the microstructure of Mozzarella

cheese made with TA-TB, LH, LC and 1, 2, 4 W of storage of 4C
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8. TE8AALNGE g vighie] ALE

ZFo} 47120 He $E4P2RYE L VAN ALNGE A
= Table 13% 2om 4471282 #3o] & st Table 140] vrebytch,

Table 13. Nitrogen percentage of Mozzarella cheese during 1, 2, 4 W

of storage 4C

Ripening WSN NPN
Starter type ) NT(%)
Periode (% of total N) (% of total N)
1w 3.47%0.01° 11.69+0.02° 2.96+0.01°
LH 2 W 357+0.01 13.62+0.04° 3.47+0.02°
4 W 354+0.01° 10.160.01° 474+0.02°
1w 367£0.01° 3.87+0.02° 1.69+0.01°
LB 2 W 3.24+0.01° 5.11%0.01° 4.92+0.01°
4 W 3.27+0.01° 6.66+0.02 2.19+0.06°
1 W 327£0.07° 14.74£0.17° 2.81%0.03°
LC 2 W 3.83+0.01° 11.45%0.02° 4.40+0.01°
4 W 3.33+0.01° 17.29+0.06 1.85+0.01°

abc Means within the same row without a common superscript differ (p<0.05)

NT: total nitrogen ; WSN: water soluble nitrogen ; NPN: non protein nitrogen

Table 14. Comparison of Nitrogen percentage of Mozzarella cheese during

1, 2, 4W of sorage 4T

. Ripening WSN NPN
Starter type ) NT(%)
Periode (% of total N) (% of total N)
LH 347=001° 1169=0.02° 296*0.01°
1w LB 3.67£0.01° 3.87+0.02° 1.69%0.01°
LC 327+10.07°  1474=017° 281003°
LH 357+£0.01*  1362=0.04*° 347=002°
2 W LB 3.24+0.01° 5.11%0.01° 492+0.01°
LC 3.83+0.01° 11.45£0.02°  4.40+0.01°
LH 354%+0.01° 10.16 £0.01° 474+0.02°
4 W LB 3.27+0.01° 6.66*0.02° 2.1970.06°
LC 3.33£0.01° 17.29+0.06° 1.85+0.01°

abc Means within the same row without a common superscript differ (p<0.05)
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Table 14014 K= upe} o] LCY 159 4FF A TF oA 54 o]
X8 gl mebA] NT, WSN, NPN 3hol] frejAdo] 14 =} oh(P<0.05).

Table 155 4 159 NToA & LB, LC ¢ LH 3, WSNelM& LH, LC
¢} LB, NPNollM & LH, LB ¢ LC 3toll foA o] A URp<0.05). &
4 279 NTAlAM = LH, LC ¢ LBZHol, WSNollA &= 2t F7kol], NPNOlA &
LB, LC ¢} LHzZte} #9/4do)l JdAHAUR(p<0.05). %4 459 NTelME LH,
LC ¢ LB3Ztell, WSNellA = LH ¢ LB, LCtoll, NPNolM & 2 304 &
oj o] U4 5 A (p<0.05).

Az AAHRAAAN FEANFAY EHE FLIH 2 AL ujs B3
2z dMARPEAE | 5o A= A, rennet FFHAYE A, 7
Ao g A Fo] &l Uk It oz Az G xA4do] Iy
ol w2ty #8440 He, 2 "L Ha FrHEH=ER F84 HAasE
Fe 2 Az K4EE dUetd & dv. ¥F AAst= Fol Rennetd &
HAEHol DTS T Rennet®] BF2 A&EEot  Creamer(1976) %
Barbano 5(1993)0] Exuglow 3 FRFALFESL HFELS Rennetd
2t go oz AAdETE Visser(1977)el o3 WEHJUTH LH 52 Axd
Mozzarella Cheese®] WSN& <4 2F7tA & 1362%2 F7F § 4FM =
10.16%2 23y os, NPNE =
S BAFA0. LB WSN2 54 %7] 387% A 454 666%= F7Hd o
NPN X %4 237 & F71 F 454 dAe 54 2719 v&8A 24y
o LC o WSN2 sAHZ7dAYH & d#59e 2 543 371 F 54
27 Ao E A BHYow 454 oA e 17.29% 2 Z7HE YEMU . NPNo
e &4 27) 281%M 278 440%2 F7F ¥ 4574 186%2 FAE e
Ribeiad

ol AoAlM %7 3 xA4x T vlHEA Fe A=
3] Aol AzxAde odAd 2 FaHAEEY Aol & Ao
Sciancalepore 9} Alviti(1987)= X ugon £33 FRFT Aol 3 z+F
Fazgo] HolatAl 28s] oA Ryt MR t27] fFor AAdg. 2
2] Cheese =74 AEZA AbAQ odd Faro FAHNM Farkyest

A ZNRH 457X AEHor Futse R

i
0
2
PN
b op



kiely(1991)7F B2 %4 Z7]d 84 AA7 4%A4 96%2 ZT7HAts
B3oE i g2 Yego

9. HsHA

veHA Ae
LB9 1, 25 7kol| A

LC(25)

=

e

Table 159 2t} Flavorol A= LHY 259 LCY 1, 4F,
fojAdo] clAE o HIE £YEE LH(QRF), LBUF),
o 2 eyttt Appearancedl M E LB(1F) ¢ o) #)9]3t

v —

Zol]

Todol dAHALH, &HE LB(2F), LB(4F), LHCF) &2 JER

o} Textureol A& LB(Q2F) ¢ o] & Y3t A ol H2]Al 9]
LHOF)E& o2 Jeyrh Axe
LB(45), LH(25), LC(2F), LB(25), LH(4F), LCUF )= =

CEES

Uetdoh gty A28 #5F LCE Mozzarella CheeseE A ZA] &4 7)

LB(4<),

LC(45),

& 910

AAFHNH &
o 3tH
=z MITE

e 2

F2 383, Appearance?d] WM& $1s) FO, FOFB#3& #4aAZ + d&e &

%

)6]1

rir
i

ic)

I

e

22
=

dr

012 BEAsjor F Aolm, Textured| ¥ Hardness?t ol ZF o] FEAEM 3]
fFEoz AlREO FF9o 4& E9ddA z2 FAHE M He
}

Table 15. Descriptive analysis of consumer acceptance test scores of the

Cheese
Sample
No Flavor Taste Appearance Texture Rank

LC(lw) 3.09*081™ 2.68£0.95° 3.27+0.88" 3.05+1.05% -
LC(2w) 3.45+0.86™  359+0.74° 3.23+053° 3.23+1.02%° 3
LC4w) 295+0.72° 8.27+0.83°  3.23*0.87" 3.36£1.00" 6
LH(1w) 332=099"™  336*1.00° 3.05t1.05° 332+1.21° -
LH(2w) 3.73+0.94° 3.59+0.91° 3.36+0.85" 3.09+1.19% 2
LH(4w) 332+084™ 2954095  3.41+0.85" 3.23+1.07* 5
LB(1w) 3.00-0.98° 3.18+1.01™ 268%0.78° 268+ 0.84% -
LB(2w) 3.09+1.02% 3.36+1.18°  350*0.80" 3.18=1.10° 4
LB(4w) 355+0.96% 355*1.01" 3.41*+059° 3.45+1.06° 1

abc Means within the same row without a common superscript differ (p<0.05)



10. Fast Protein Liquid Chromatography (FPLC)

Mozzarella cheese 2 %4713t 5 @¥A Fao] Fxot Ao Bt B
& A7} o)Fo|A Proteolysis 7t Mozzarella cheese?] 71573 S @
83 8490 UZFHAHkindstedt, 1993 ; McMahon et al, 1993). 2L F
Mozzarella cheese A ZA] #H7lstE $HFE2QY rennet2 £4%7] Casein©l
Large peptide 2 %38t Primary proteolysisol 2 9§ vz =
(Barbano et al., 1993) Starter culture® @72 E3& o] vluA o &
3] B-casein 9 7}ERE o F83% 9L 3tv(Barbano et al, 1995) £
rennet?= @2 Larege peptide 2% E Bt} Z& Peptide Y4 2l ohr] Ab7}
229 292 Secondary Proteolysis o] #stn e Ro2 A Ut

E3 12F 5 40 98 554% a-sl - casein®] a-sl-1# asl-1
casein &2 ®&H WA Goudasb Cheddar cheese B.th a-sl-casein #°| F7t
3t Aog By 1 AckDi Matteo et al., 1982).

B Ao 3 71A] starter culture F FEAH WIHE B LCEFE
o] &3t AEAI(LC, Ow) & 45 A F (LC, 4w)9 casein ¥3lE FPLCE o°]
43t P g AHR YT

AU AU
05 | as: o 0% as
| A l ! B i
! f E
020 ) i ‘ lﬂsl
| as i “ i
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015 1 | : [
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Fig. 8 Elution profile of Mozzarella cheese caseins during by FPLC on a
Mono Q HR5/5 column and 0.01 Imidazole-Hcl buffer (pH 7.0)
and an Nacl gradient. About 4.0mg casein was apploed to the column

and the flow rate was 1.0m{/min.



43 £XHFE AZ2H 5 vdad 4 - casein L

B - casein A9 WIE B
28 4 31°1A Barbano(1993)9) Axe} &g BFH oy asl- casein
AM= B € peak® 2& 4 gled o] Large peptide 24 Chromatogram
ol GEtYA] @AY £4713to] ged hlo] UA o

Aztgo,
11. A7l

#5E 23t Az 3FF2 Mozzarella cheese 9+ z+7t 434 4439
casein ¥ 3}

€ native-PAGE #7145l 9o @28 Axs Fig. 99 2t
3AF EF B-caseinoll A B E y-casein o WAHL $X4FFo) 2 5 g
Al a-casein & esl-1 ¥9 Band®l ¥ & Uelldon AdFoz gsi)
% B-casein &

& band¥ ZE7F FHAL ¢ 4 o] Farkye 5 (1991) 2
creamer, di Matteo (1982)2] A3} ol= x4l

_37_



1)

L4 as

o) . A
/ ‘\’ as / \ \v\aﬁ\/\/ \L«/‘ \zw,\‘

! WL ~
f"*wwﬂ \ LAt et e o 2t T

2)

"

J
P,

3)

\/‘::P\J/\\,J,\:,..\

as) » 2 as)

Fig. 9 Electrophoretogram of Mozzarella cheese casein
1) Starter, TA-LH, aging period(A : 0-W, B : 4-W)
2) Starter, TA-LB, aging period(A : 0-W, B : 4-W)
3) Starter, TA-LC, aging period(A : 0-W, B : 4-W)
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V.3 9

= AES

23 A2E SHSGE o] Aw
437 9

29 e g sz B

2 a7e
N2& FFE Agse AzA

“

A o199

pH, £2-38t3 W3tg zAlstd =2FA A

=4,

Foloh.

1. =9 dwrxgdolA TA-LH, TA-LB, TA-LCE Az®E =9
46.97, 41.70, 48.82%°] 1 WAL 2263, 2355, 19.81%°1% =ue 19.08, 22.08
20.67%°1 2™ NaCl2 050, 058, 0.58% 22 FUx =2 20%B T} uf$-

o2 e
Meltability 2 2.49,1.87,2.74cmZE

2. TA-LH, TA-LB, TA-LC9
7 FFolA FHen #Fo

A HoFol we} Meltability &
71l ool e A2 e THP<0.05).
]

3. pH= TA-LH, TA-LB, TA-LCelA 550, 551, 520 &2 Yelyton =X4o

Aagtel e okt Zrhshe Aoz et
2] Z 9] Hunter 4%+ TA-LH, TA-LB, TA-LC

L

4, Chroma-meter2 &7 38}
ol L& 1.03, 227, 1.22°]1 b 664, 11.11, 11.782 YEldon z+ #Fo A

ool de Aoz e tHP<0.05).

Ajzeo] z2A o] WA TA-LH, TA-LB, TA-LC®9 Hardness& 13.12,
M——’

5.
18.94 7.20kg/cm2 o] i1 Cohesiveness2 0.75, 0.67, 0.67= YE} 1 Springness

= 092, 062, 0.78cm", Gumminess& 9.88, 12.76, 4,85kg/cm’® Chewiness& 9.12,
Fo)4gol A

785, 3772 JYElgton zt #Fo wZ Parameter 7Hol

[e)

pu

(P<0.05).
6. Pizza topping A @A X =AA 146= TA-LH, TA-LB, TA-LC
Ao 289 %4 FHAHAAM TA-LH, TA-LCS

Browning, blistering©]
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Browning, blistering®] @A 3lA ZA s utdo TA-LBL xtol7t gidch

7. 43 ARVl W& FOt FOFBAA#e Wil TA-LH, TA-LB,
TA-LCAIM =471 1, 2, 4Wdl wa}X 451~584%, 528~6.96%, 7.47~
976%2 Z7t8 BRI 47100 #F0 F4L TA-LBY 1, 45 gt
U EF i oh(p<0.05).

8 FAAA WElANN 7 FFZ MZH Cheesed $40 AT we} &
Fol AAH o AP AE A RE FFAA ehgd

9. TA-LH, TA-LB, TA-LC9 £47]3to] @& Cheesed & A o of
g WSNe 11.16~1362, 3.87~6.66, 14.74~1729%2 Z7}3% 28 NPN2 29
6~4.74, 1.69~492, 2.81%~4.40%2 Z7}3t) WSN, NPN 9] £A47|7to] uwe}
927 JER tH(p<0.05).

10. FPLC
47 43¢ AxAZF B3] « -Casein ¥ B-Casein| Ao ¥sE B2
T AN

11. ¥718%

TA-LH, TA-LB, TA-LCZ #A=z¥ Cheese BF B-CaseinolA &3id y
-Casein 2] A& A4 4F Fo B £ 3T a-CaseinZ asl-1%%lo] Band
o 2d& Yetudoen duyoz esl 2 B-Caseine #elHe ZF=7F <o
PSS & F AUk

A2 &4 7|13 W& Flavors 295~375 HoZ TA-LCQ 4WollA 7+%
A YeEb D TA-LHCW)AAM 4 debgt o Taste © TA-LCIW)E H
3, TA-LHCW)E =4 Jeutoh

Appearance= TA-LHIW)E 3}, TA-LHC2W):= 1S yebd i Texture
¥ TA-LBAW)7} 7}3 @ tx TA-LB 458 3o AM 7+ F5d
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