DEY&m#(D) 1 17~48

EH2 ZE0| 2|8t Mozzarella Cheese
VR HAR RO IBMLEREY L

Mg, 0|

AFdstE oS FTAAY o3

ret
O

A Physico Chemical Changes of Mozzarella
Cheese During Ripening by Starter Culture

Ko, S. Y., H. J. Lee

Summary

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 4882% respectively and nacl level of 050, 058 and, 058
respectively in new starter culture of TA-LH, TA-LB, TA-LC.

2) Melt-ability were measured as 2.49, 1.87, 274 cm 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 1.03, 227, and 1.22 and b-color were 6.64,
11.11, and 11.78 respectively by the TA-LH, TA-LB, and TA-LC by
Chroma-meter determination(P<0.05).
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5) In cheese texture change, the hardness were 13.12, 1894, and 7.20kg/cm2
respectively by TA-LH, TA-LB, and TA-LC. Cohesiveness were 0.75, 0.67,
and 0.67 respectively and Springness were 092, 062, and 0.78/cm’
respectively while gumminess were 9.88, 12.76, and 485/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 5.28% 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 14.74% 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 « -Casein and 8
-Casein compare to just finished product.

11) Eletrophoresis
In all cheeses of TA-LH., TA-LB, TA-LC. the 7 -Casein creation from &
-Casein were detected after 4 weeks maturation. By @ -Casein an band was
appeared around @ sl-1 and the strength of separate became gradually weak.

12) Sensory test

The score of flavors by maturation period were in the range of 2.95~3.75 point.
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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(1week)/2.68 while

top point in TA-LH(2weeks)/3.59.

The Appearance showed lowest point of TA-LH(1week)/268 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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v29) A% 19879 19% 127kgel A
1996101 & 137kgo 2 4|7 Z7haha
H, FHHUS Y ofrjo} ZhFoME
AEgE Rolu 3t}

THE AE AU Mozzarella A
A B =oH52~60%,
2%J9)) e 239 dEgE 7HA
Aggoz AulE= vt Pizza pie 9ol
topping €22 92| AL5= Mozzarella
Az2E Fed AGgFo] Pn(47%A
¥, 20%H )=o) dorsin v Az
3 #e 3 Qo

Mozzarella A 2¥E Pizza pie 9ol
topping AA RZoAM 7tE ] H o
458 AHE 2v)E7] g X2
|83 AZA 2 el F2E HyL
sted 7 F2% 7)Fe Hu Yo
(Kindstedt et al., 1989a, b: Matzdorf et

al, 1994)., 3] =9 L&A AAHE=
Free Oil2 #HZ9 AAYW do|oE 4
Eol g@ AuAe B paes

Mozzarella 27} Awgdo] & 4
FOE ARIY # & 37 gEd
Pizza pie®] @Ade F2& A e
A4e 2-do2 A45 1 9Joh(Kindstedt
and Rippe, 1990).

2 d7dMe A2 Az WY F
Starter culture® 9elstd FHJA A}
€53 QlI(TA-LB), FuldiMe A&
Hzl oy IFoME olgEE A

Table 1. Composition of law milk(%)

Kol )& Mozzarella Cheese B\iRIdol H{LAHY @4,

(TA-LH)# 28 587 F(TA-LO)Y
3ZFE A& Mozzarella AZ2E A
T 4710 HE 4w Ry 24
A #5HAE ATz A
et ALY 713 2 AES )
=4 7|2A8E duz AAsHC

o. As 2 8y

1. SANE

D 98

Mozzarella cheese A Zo] AtLE ¢
Fe AFE 499 ERqM AF I3x
ZYol HHT dFE FUE 7]——*—7:1\3]
Hell A& FA S A% ¢ AL
£ 3% tH(Table 1).

mlm

2) FAkd

O fFAHT-1(03 TA-LB)

At ™ol w231, PhageA dtel] 7Z3t™
Bulk Starter &2 Direct-set® A}&5

o)X= Str.thermophilus®t L.Bulgaricus
(CRC 261)8 Tf#FE AHe3dd
(Fig. 1).

@ FrAteE-2(o]8 TA-LC)

Llactis ssp cremoris, Str.thermophilus
(LACTO-PROX MT 1003)8] &g FE
AH-&-3t A S (Fig. 2).

Fat Protein

Lactose Ash

SNF T.S™ Moisture

35 33 47

8.7 122 87.8

* S.NF : Solid Not Fat ;
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261(LB)
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Fig. 2 Acid development profile LACTO-
PROX MT 1003 (LC)

@ FAHe-3(el3t TA-LH)

Str.thermophilus TAS049} L helveticus
LH 100 (EZAL) &£ F& A&3d4
(Fig. 3).

Ztzhe] #FE EFH Vatdl AH
A7kt ALEE e TAUEE #F
E 10% NDM, MRS £ Basal media®l
A Z2(Wright and Klacnhammer, 1984)
AA AMEPT 2 A AE Fig 1, 2
3 AMet Zo] B FE HF ¥ 3ICE
At FFE HFstae pH 552
712 wjgct. TA-LB9 pH 5590

21

7=

64l

4 ' 5 & 8 °
Time (h)

Fig. 3 Acid development profile EZAL (LH)

EYsE AZHe 8AZ TA-LCE 54
Zt, TA-LH® 5X7o] &85y &
F¥3 L2 TA-LH, TA-LCAA LA3HA
Yolub: AT & & AU

3) Rennet

S & 2(Josef Hundsbichier, Austria)
+ Calf Rennet(Chymosin: 95%5; Pepsin,
5%+5%)& ¥# 5000¢ 135 g& ¥
T8 112008 34t FA] AL

2. AlEuy

1) A Mozzarella cheese AZX %

=z

5000¢ VatlX A9 Casein'Fat
H-£& 1128 EF3sd 75T/15sec
X AT At REAL

ArE 9iE 4TE W43ty stainess
steel cheese vatZ ©ol% X citric acid
Ve FHF(100E A71sto pH 6022
Z3 3.

200 €A 2 FolA wjgd FF

(L.delbrueckii ssp bulgaricus, Str.
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salivarius ssp. thermophilus)g (LB),
S.thermophilus TA 054 3} L.helveticus
LH 100 (LH), L.Lactisssp cremoris,
Str.thermophilus(LC)E 833t 34T
A IATE Bt e
Calf-Rennet(Josef Hundsbichier,
Austria)© Calf Rennet (Chymosin, 95
+5; Pepsin, 5%*£5%)S U+ 5000¢
o 135 g2 Wzse 12022 Ao
A7 & g 208 T BAYG A=
= Az g F 07~12cm cubex H
stnE 308 B ALE FAsHA =yt
A 43T 7HA M A E 7Ee g
71 e FE AAN S F1,
SR g Aol Mozzarella cheesed]
T F83 A8 &9, HE 2%
e 715y 543 9RFEHY zol2
A A cheesed 3E8H A FIFS

0] X tH(Van Slyke and Price, 1952).

3L 43C9 pH 60(Perry et al,
1997), pH 59(Merrill, 1994, Keller,

1974)H %S o FHL VatolA wiz 5
oJ#id pH 5522 EWold o 717 §
2 9 ftAdg HEo] dq A= folg
Rocdy @33oz 9 o 67CY
52 Stretching?tt}.  Stretching
65Colst2 FAHAES o WHst
¢toll Mozzarella cheeseoll 4] Rennet
WHRHo] FRA FFE v
T} i1 Creamer(1976)2 2 13t}

700g ¥E5¥2o2 Ayd A= gojy
v AZE 99t sty dsiA E3hE
NaCl, 5C ¥z} EA6A 243 Ft &
Atk BE A= AFo ALY A=
23S H7MshAA QAL Cheese
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ol
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Holgle 4T o}s}
w72 A st
Az Az FAL Quarne(1968)3 Mic-
ketts(1974)e o}k W JPYE A=
&

AZTAL SEUA Fig 4% 2ol A

o}

SN AAE

srahed

Milk (Fat 3.5%)
|

Pasteurisation (75C for 15 second)

{
v

Cooling (34C)
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
i
Transfer of curd (to draining boards)
!
Instant stretching (curd pH 55)
l
Moulding (700g or 1000g)
i)
Brine and Salting (14%)
!
Packing
(Vacuum-packed in preserving fluid)

|
v

Distribution and sale

Fig. 4 Chart for Mozzarella processing
using citric acid
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2) AU Y

Adfe dutygd 2 Milko Scan 133B
(A/S N.Foss Electric, Denmark), A&
% pHYT Mettier Delta 340(UK.REV.B)
o3 ZHZPow Cheesed EAHL AF
S5 AZ2FHAAM A4y FF FF

d2]dte] A 700g Y% 3 cheese

g 2A €2 F M Y cheese block
S AT EZZFT F 4ToAM 19 32 B
et gy A £ Nacls &4
goo YoAE 0, 1, 2, 4F F9 54
A7

AZ2z A% 19 Fo Vacuum Oven
& o839 FEE FHPoy FRe
A &gz FAUG(AOACLC,
1995).

Sl 3FE Alg 1gol ZojA(ds
¥) 2 tablet, 3} 14meE ¥ 3 4207Col
A 5087 Bald thg Kjejdahl(Kjeltec
2300 : Foss)& ol &3t AALHFSE A&
gt & Cheese 1g¥ A2 FH(mg)o 2 At
StAcH(A, 1976, A.O.AC, 1995). A 8H3t
22 Soxhlet¥ (Soxtec Avanti 2050
Foss)& o] &3 FA Ut

3) NaCl %9 &4
ASDT(1966)9] WHeol w2t o 2g9]

Azg 74 F 100mie FF4E 9
T bolling® ¥ @7stel o gl

25% potassium chromateS A %7} 3
¥ "oy 071 N silver nitrate®
A g sh ot

4) pH A
Salvello ¢+ Ernstrom(1989)2] =

o
=

23

15

i

S83td 8g9 Cheese AlB&E FHF
mol ¥ 3 7 &3ld Cheese SlurryE
Asted =t

5) Meltability

Olsen®} Price(1958), Savello®} Emstrom
(1989)e AdsiA 7id wg& &83d
Meltability & A 3t o},

2174 30mm, %°] 20mm 5% 15+0.2g
9] ¥%¥& Cheese Al3E melting tubed]
reference line €l F1 AHglE vhl=
e 5 71&7) 45°Y Tilt-control rackell

T1Ce w3
g 5 F2o YZAIA cheesed &
AFA At AL reference line
227 Adl(cheese flow)7HA & &

1ol milimeter& YR AT

off
ks
8
.+.
(@
o
o
3
je=]
2
2
&3

&

tlo ng

o -z o
o
f

ol

6) Free oil(FO)9 &3

A& 18gE 5mm °l&2 FA 43
o 50% Paley-Babcock bottledll %o 4
72y 74C9 Water batholl 2o} =4
¥, 575C9 F&/+ g AU ¥
AR At FFT
v/v) EF-E4E Babeock
BEEAA AAAAA A7t
fAEgstn 1023 7HEA
Al 2879 A& S 10

Water bathel A #3221 ¥, meniscus
9] #E3= Kindstedt®t Rippe
(1990)2) WS &3l Al&sEH.

90
o=

7) g9 £4

Color ztole AT ZAHHA 0 2 A
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Spectro-Colorimeter2 & A sl Xt}

Yellowoll A %€ blue7t A ¥ 3} 9]
zto]l & 7}2]71E bgt2 Hunter colorel
Mol aolg ZAsted o] & oA
Cheese A& Hunter colord]l oisf 1,
2, 4F #4384,

AR
AN

8) Texture

5(1982)8] W&
AzY AgE 4T 4
gt WolE v, A2oM 587 WA
% 217 25mm 2| probeZd ©]-&3t4]
A 20mm<]
Micro System. England)&
Hardness,

Gumminess, Chewiness&

Harvey

X2ZZ Rheometer(Stable
AF-&-3l

Cohesiveness,

zx a9t

Adhesivness,

9) +84 A4 AF{E

Cheese 10g°l & 200n¢E %

As 3 F 4000<GANA 2023 Y4

Fin
1=]
-

23t A4S AAFE o 7R (Whatman
No. 2)& o %3l Kjeldahl o2 2
AgS A T Cheese lgd AL
(mg)o. 2 FAISAT(AH, 1976).

10) g el A4 3PE AF

S84 B3 E FFol AHS F cheese
o 5 m ol 24% TCA SméS H7hst
o 0TColA 1587 &4 & F, 4,000rpm
ez 1583 4% ¥ F AAs
F3stdq A g § FHAL T

T
%2 FEAlstF el 1938).

e

T=

p

dz

A

o

11) A AA dAv]Fd  (Scanning
electron miscope. SEM)

7+ A7) A= AEE 2X2X6mm

7} gEE 28 F 2~-3%9 Glutaral-

dehydeol X A F 4TAA 623

AZAIZ o MHstAt F

DLAoZ 1~2% Osmic acid2 1~2A3¢

o
THTE

B2

=)

BN
A1l
— B1

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

Hardness : H, Cohesiveness :

A2/AlL,

Gumminess : Hardness X Cohesiveness

Chewiness :

JRes.Ins. Anim.Sci(&##&# : 15 17~-48
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Springness - B2/B1

Hardness X Cohesiveness X Spring
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A= 1A A7l & RS2 AF F 50,
75, 85, 95, 100% Ethyl alcohololl A} z}z}
408 FF Z45tm, 50, 80, 100%
Isoamyl alcohol acetateo#] 40% EQF %
3ok Critical point  dryer(HCP-2,
HITACHDOIA 208 B¢ AXAN %
Ion sputter(E-1010, HITACHI) 120z A]
53 A7l og FALEDZ(S- 460N,
HITACHI JAPAN)o|A #¢43}ct

12) A7|49 %

H719%L Farkye 5(1991)9) ol
we} x]= 02go] Tris buffer(pH 6.8, 8M
urea) 10mS H7lste] FA3 ¥ FPLC A
2] & A8 0.1m¢ mercaptoethanolS 7}
&t 40Tl 45%7 A ¥ pharmacia
AL9] native-PAGE separtion technique 1
meE # 3 tracking dye(10% sucrose &%
ol bromophenol blueE 1% =) 0.1mé<
H7tst 3 20i% loading 3H A T

13) FPLC

Cheese 2g-& 6.6M Urea, 0.112M Tris,
0.112M acetate buffer(pH 6.4) 20m¢o]
galisted #A3 F 10,000go1 A 1083
ARt g AANGHeH A4
H-& 0.2um membrane filiter® o 73k
1S FPLC(Pharmacia LKB LCC
00Plus, Sweden)& AHg3te £& A7
o FPLCY ¥4 ZH& Table 29 2t}

14) Pizza Topping

=A4E crust ¢l AZAg 10gg
topping¥ ¥ 460°F X2 conveyer
ovenol A (Middle by Marchall) 587+ +

Table 2. Operation conditions of FPLC for

Pizza cheese
Items Condition
Column Mono Q HR 5/5
Flow rate 1mé¢/min
Fraction size 1m¢/min

Mobile phase 6.6M Urea, 0. 112M Tris,

0. 112M acetate, pH6.4
Injection volume 1mé

¥ ARe BASAT

Mo

15) #FHA
TA-LH, TA-LB, TA-LCY #F=
A ZY Mozzarella CheeseZ 1, 2, 4 F

F WP £4A ohg 5T
YE71H FYES A
FFERS H470 HE AzE

SAlOl BFHAE 8] Y3 ¥FE BY
H AZRE 4T dZFANA 1243 &)
% ¥ Pizza Restaurant9l 4 Pizza Pie&

1 Za AFdRa 2L
Auetugas 84 oadd 2 o
4 59e AAdoz HAste [FT

Sensory Evaluation Method(1979)
Davis®t Law(1984)9] %o g} 53 &
A28t Table 33 o] A3}

o)
S

16) Statistical Analysis

g F4&WM4 pH, Texture,

Meltability, NaCl, Cook Color o] ©j3}
vastde. 4 FFFF9 33 wE
SHES7E glon 4 YRS E O |,

=] o
2o

2,4 7ol 3 sojHh
A, BE, EAEA L Statistix
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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 Shghtly better
) 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

sz 199 One-Way-Aove 0] &3}
Aabsloj ik, a8 n d
P<0.05F %A LSD(T)

R T

[o]
o] A 71517@‘_:

g do

& ol &3t

m. &R 2 £%

1. Mozzarella cheese®| 2ltt =M

A Z2F Cheesed YrtxAL Table
49} Zth Cheesed] AZXAFoA FE
S LH, LB, LC7} 4697, 41.70, 48.82&
Nieradka 5197909 R 3% 4960%}
LC7} &AFsta, Kosikowi (1982)7F 23
& 47.00, 4730 LH9 #AHe™, LB
AR ez wfe wgton <A77
Ay o Eof da-iass
o] £(1996)8 H.istE BE T F

o rir

Ol

A5 ol

r

=
(=)
=
L

s

N

Table 4. Chemical composition of Mozzarella cheese made with different three starter

culture and 4 week of storage at 4C

S{‘z;r;zr Rgiriggg moisture protein fat Nacl
0 Week 46970.12 22.63%0.03 19.0820.03 050%0.01
LH 1 Week 47.00+0.01 22.13£0.03 16.19+0.04 050%0.02
2 Week 44.20+0.01 22.79%0.02 16.70£0.02 061x0.01
4 Week 45.47%0.01 22512001 16.54£0.02 0.61£0.02
0 Week 41.70*0.01 235510.02 22.08*0.04 058%0.01
LB 1 Week 43.0210.03 23.42+0.03 19.11£0.03 055*0.01
2 Week 45.77%0.03 20.64%0.04 16.72+£0.04 0.50%0.01
4 Week 40.6810.66 21.61*X1.76 19.91 £0.02 0.65%0.01
0 Week 43.82+0.03 19.81 £0.02 2067 £0.03 0.58%£0.01
LC 1 Week 47.62%0.03 21.07£0.03 19.76 £0.02 0.60£0.01
2 Week 40.37£0.02 24.46+0.02 17.8410.02 0.65%0.01
4 Week 48.29+0.02 21.27+0.03 1858+0.03 0.55%0.01
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Table 5. Meltability for Mozzarella cheese made with different starter

Ripening Period Starter Type pH Meltability {(cm)
LH 5.50 2.49+0.03*
0w LB 5.51 1.87+0.03°
LC 5.20 2.74%0.38
LH 551 472+0.05°
1 W LB 558 209+0.07
LC 5.28 857+0.05°
LH 5.55 7.25+0.05°
2 W LB 567 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)

A ggtoy R gadsdes B
n&e AR

ol W2 Nieradka 5(1979)¢] B 13t
26.60%<+ A F(1991)e] 2L HEIF 2358%
2o A Jelgoen 53 LCE Az
Mozzarella cheesecl X 19.81% 2 o}
A JEid S & Qdth
Nieradka % (1979) 20.80%,
Nacl 2.00% olgtn Huddrt & 49
oAM= LH, LB, LCE AHZH cheese?|
A ek 19.08, 22.08, 20.67%°] 1, Nacl
050, 058, 058% 2 zt7h Yelyg dutd
oz A L {FAEY} Nacle A
Hog 333 & & Ut

d
=
=3

Sy

2. Meltability?} pH

1) Meltability
AZAF o AZ meltabilitys F3 0]

A x &HAMo| Fov stretchingo) ¥

27

oA & e HY RYeF o
Pizza A2 A AgstA] oy dA
N7 A4 ZAl AMHAG. A7)
7t FF 7o meltability, pHE Table
5% 2.

Mz 3F LH, LCIH
= ggtony, 1, 2, 45
g wat 4 FFA F937E AR
2 9(p<0.05), Pizza Pie®@ < o
LBS] meltability7} B & F vja HR
tto} Stretchingo] Adtsle FA|7F A
go] et LBE £47IE E8oF 2
Aoy Ag®d.  wHd LCY
Meltability= %4 4534 151len® =
A Eejdlgle A7 SR o
&£A717+S 252 AQsts Zo] Pizza
£ A5z AZY Aoz Agdd. Z
3ol A £A4717k] W2 Meltability
o] ¥+ Table 63 2t}

R A%

£47)2k]

£3)
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Table 6. Comparsion of meltability of Mozzarella cheese and 4 weeks of storage at 4°C

Ripening Period

Starter Tvpe

0 Week 1 Week 2 Week 4 Week
LH 2.49+0.04° 472%0.03° 7.250.05" 11.09+0.09°
LB 1.87+0.03° 2.09+0.07° 217+0.07° 257%0.04°
LC 2.74+0.38" 85710.05° 11.07£0.05 15.11£0.03°

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

McMahon %(199%)°] C:F(casein to LC9 #AH7|= ztz 253 1107, 4F
fat ratio)®& gl Azx3 2= FF9 11.09cmolt}. LCY 4FA = 1511lem2
S 7)) wel FoA gl AR g 402 dsld HudA Eude
gl LBolA 159 25 Ale]E Agstd AAe] uehwti, LBE 187~257mE
Zt #FE sAVIGEE foAjel AA  Meltability?t M 3ts o} Stretching #4
5 A tH(p<0.05). % Shredding®l Z 7ol WAge] wia}

LBol9le] ¥ 547 et & ZAZXA LCe #3579 & Foln WY
A3 F7tste 437 £AF Meltability  AIZFS ©EA|AC F Aojy whdo] L

8~14cm HHol Ut (McMahon et al, = 59 Hujda 2ujge FE3] s
1996)8 ® 1ot dxaE. gl LH, 9 oldd A¥E My 2o
Table 7. Hunter color values of Mozzarella cheese
Starter Ripening Hunter Color”
Types Period L a(-) b(+)
1 Week 7821+0.10° 1.03£0.02° 6.64+0.05°
LH 2 Week 61.88+0.48° 1.18+0.04° 10.33£0.02°
4 Week 76.25+0.42° 1.82+0.02° 10.12£0.04°
1 Week 84.81 +0.02° 227+0.02° 11.11 £0.03*
LB 2 Week 71.341£0.02° 2.14+0.02° 1054£0.02°
4 Week 71.94%0.02° 1.98+0.01° 10.65+0.02"
1 Week 72.37£0.02° 1.224.002° 11.77+0.01°
LC 2 Week 68.33%0.01° 2.0410.01° 9.24+0.02°
4 Week 74.21£0.03° 1.32+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 vellow)
Values in the colum with different superscripts differ significantlv (p<0.05)

JResIns. Anim.Sci(BhF## © 15 17~48 28



e R 9§ Mozzarella Cheese B HMIrhe] BILEM #1{t

Table 7. L , a and b value’'s of Mozzarella cheese stored 4T up to 4 Week

"Hunter Color  Starter Type 1 Week 2 Week 4 Week
LH 78.21£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° 68.3310.01° 74.2110.03°
LH 1.03+0.02° 1.18+0.04° 1.82£002°
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° 10.54+0.02° 10.65+0.02°
LC 11.77£0.01° 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)

2) pH

AzA ¥ pHE 40 g o
2} ¥l 89l ovi(Table 5), LH, LB, LC
°] pHL 550~558, 551~570, 520~
55602 #F3te Hatelrt oy 5
Mol Anago] et A3 FIH YL
o 5190 B dFAEY Hug

W AEE & F AT

o,
L.

3. Hunter M=
Z43 Mozzarella
cheese?] Hunter ¥4 =+ Table 73 2
=3

Mozzarella cheese®] HEHE g1 F
ey Wy Azg AYdn o
(Christiam, 1984). Johnson®} Olson
(1985)2 Hunter Lab Colorimeter& ©]
43ty cookingdte &<l Mozzarella
cheese®l| A FE¢% brown

Chroma-meter=

galactose

29

-

color BYE Alolol <A (positive)d] %

[
ZaAA7 A AL L%t Bley F
(1985)2 <4< 7I19S o brownl2 & ¥

3}8lE cheesed] Eold AAE HW3}
7] 3% we] JJAHE 913t Hunter
Labg o]&3ict.

Table 7914 Aol wet
LHY L& 61.83~7821, a (lightness)T
1.03~1.82, b(yellowness)© 6.64~10.33
2 AA7IZte) wet 243 {oxE vE
U3 glth(p<005). LBY L& 71.34~
8481, ax 198~227 b 10X4~11.11=
vetyo LCo L2 6833~7421, at
1.22~204, b= 882~11.778 7 #F9
&Aoo wat parameterol A %447
ol @2 RoAo] de ALE Uey
tH(p<0.05).

L olA 1 &4 LH, LB, LC & 7821
8481, 72372 LBY #F %l =4 &4
go] Hze $redg Yegldd. at

5430l
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N

g2t LHE Z71st: LB
AE YERAT

(1991)¢] =4t Mozzarella cheese
ZAMG A% L& 77.14~90.
~4.18, b 9.73~21.22 ©}

Aslg T @3

ol
5
rr

fe Hy
Su

o °i"‘
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o o Fr

o

o,
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o
R}
o

L1
C,O

e
ot )
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2
= X

A
[
r1r
\42
o ;g

w2 rlo

A o r £
N
P o% o
tlo
2

.
x,

Z % o my
~N

o X
r‘izemr*
— do o

Ml o 4o do
=
= g0 1
®
o
&l
©
I3
K
fir

.-V‘* 4y

b1, 2 450 uzgt Z
é = Aok (p<0.05)

Jo rlr
1o,
ok
L
rO

271 Y84 Diced %2 Shred 23S 3
t}. Shred cheesei™ unmelted Mozzarella

cheese®] ZAS Hrlst=d Z235H
o] & o} B tHMasi and Addeo, 1986

Tunick et al., 1991). A =" Mozzarella
Azmel A7) e 22 24 A
+= Table 93 2t}

547120, 1, 2, 45 &<l LH, LB,
LCe Hardnessv Z+ o3 Z7F9 %4
713l w2 {93 7Hp<0.05) AR
Cohesivenessi= LHelA 0~15o 1%

27k glout 2~4Fel e fo7t
9t Ao etk 283 LB, LCo

4. Z39| W3

Pizza

A5 8224 Mozzarella cheese
= dLHA SAY AFH

=
EERTA I &

5

M &7k 2 FoAol AE
2 YERRTH(p<0.05).
LHE 0~2% 7HA+=

=4

Ao

Springnessol 41 9]
7)ol whet

T Hp<O0.05)E HIo 159 4F &

Table 9. Texture pioperties of Mozzarella cheese

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

0 Week 1312%0.12* 075+0.03" 092+0.02° 983%025° 9.12+034°

H 1 Week 1271+0.03° 077+0.02° 071+£001° 983+024° 698+021
2 Week 5947003 066+002° 056+002° 3921014° 221+0.11°

4 Week  041%0.01° 051+002° 073£0.02° 020£001° 0.15+001°

0 Week 18941014 067+0.02° 062+0.02° 12762049 7.86+0.04°

1 Week 14.89+003° 073£002° 071001 1092+034> 7.79+0.34°

LB 2 Week  8481002° 068£001" 065+002° 5775009 377+012°
4 Week  3.72%£002° 061+£002° 081+002" 228+0.06° 1.86+0.04

0 Week  7.2%002° 067+0.02° 078%+0.02° 485+014* 377010

1 Week 6442002 072+002° 065+002° 466+002° 3.04%0.03

Le 2 Week  063%002° 057+001° 064%0.02° 036+014° 0.23+001°
4 Week  048%001° 047+002° 056+0.01° 023+002° 0.13%£001°

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

JRes.Ins. Anim Sci(ByFI &% - 15) 17

l

48

30



Ffke] ol o] 8 Mozzarella Cheese FARKHIMIe] BE{LEIRY L

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

Ripening Starter  Hardness Cohesive-  Springness Gumminess Chewiness
Period  Type (kg/cil) ness (cm) (kg/ct’) (ke/ctr)
LH 1312+012° 075+003" 092+002"° 9.88+025° 9.12%0.34°
0 Week LB  1894+0.14" 06710.02° 062+002° 12761049" 7.86+0.04°
LC 72%002°  067+£002° 0.78+0.02° 485*0.14° 377%0.10°
LH 1271+£003"” 077+002° 071+001° 983+0.24> 698+0.21°
1 Week LB 14.89+0.03" 073%0.02° 071+001° 1092+0.34° 7.79+034°
LC 6441002 072%£002° 065+0.02° 466+0.11° 3.04+0.03°
LH  594+003" 0661002" 056£0.02° 392+014° 221%£0.11°
2 Week LB 848+002"° 068+001*° 065%002° 5771009 377%0.12°
LC 063£002° 057+£001° 064%002° 036%014° 023+0.01°
LH 041£001° 051+002° 073+£002° 021%001° 0.15%001°
4 Week LB 3.72+002° 061+002° 081+002° 228+006° 1861004
LC 048+001° 047+002° 056%001° 023+002° 0.13+001°

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

v &3hA vebgoh LBolME B8 54
N7 A Fefdol e ReE JEdo
3 (p<0.05), LCY 1539 2FoM & /o3t
7F e a yeiz] 7t e frefAdol ol
Ao g JebdohHp<0.05). Gumminess
A 2F7HAE d2 Aol7h AN
2 olx2E 43 ZasdohP<
0.05). Chewiness®] #47]3tel we} LB
9 0~1F7& Adstae RE 4 7|2
of wtM Ta7E FEHAs RAE &
F A (p<0.05). A7 W 7 &
F7te] %7 v|@E Table 103 2o

0, 1, 2, 47 w43e ¥l LH,
LB, LC9 Hardness® Z #F 7
X717k wet 43 foxE =2
(p<0.05). Cohesivness 0~13°lA LH,
LB, LCAlo] 218]3 2FAM+= LH, LB

Lore oo

31

9} LCZHell 4FolM BE fFatdolA #
Q) zp7F A A = A H(p<0.05). Springness
= 059 43 RE FFo wE f9Aol
de AL B F dx 1F9M= LH, LB
9} LCAtel, 250l E LHS LB, LCZH
f2at7 JElRt(p<0.05). Gumminess
£ 0~25F°lAM LH, LB, LCY & #F7
of Fox7b o™ 4F oAM= LH, LC¢%
LB7t  #9at7t QA = A Hp<0.05).
Chewiness 0~15°|A LH, LB, LCY
2t dFe favt AAHUD 2, 4F
ol LH$ LB, LC, LH, LC¢ LB ztej
T 27F Ve oH(p<0.05).

A% ¥ 199 Hardness® LH, LB,
LCE 1312, 1894, 720kg/cr2 LC7} A
veltt) o] A& pHeE meltability 7} R 71
Wioz Alg®t. 183 Hardnessv

r

rir
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offt
2
=2
oi
2
i
o
fru
d
4 b
ol
ok

A springnes
LH, LB, LC7} 092, 0.62, 0.78cmE LHol
A=A Yew Gumminess® LH,
LB, LC7} 092, 062, 0.78mZ= LHIA
=4 ZAHAJY. 22]32 chewinesst™
LH, LB, LC7F 9.12, 7.85 3.77kg/cr=
LHA  =A Yeud LCY
Hardness= Eb T30l v]3] &47]te]
ape} o) o} £ HfHo FUhHE

=3

gdez FEgPon, <A 2FHY
Cohesiveness, Springness, Gumniness,

Chewiness& & o5 FAIRTH
LH, LB, LC& AZ¥ Mozzarella
cheese®l %A Zsfo| we} Hardnessd
A€ Tunick 5(1991)9 B 13 A
Azt Law 9 Wigmore(1983)= A
Zo A oy R3¢ peptidased #A
&9 F2 AAFAAE escaseinFd B

—caseino|® o|AEo] sI4&REEH AL
o W&o ol ZEdn x99 5Ao]
gtz Xz F4go] Jd3ds T Yok

Di palma & (1987)2 Swiss cheeseg
nE7] st wF FajEe] FE L
helveticus®} #F& ol& g g
Hearo] thlA B3] #F cheese ©f

&o] "ojzitn BTk oJ¥X AF

l

z
2500wzt 249 Hol7} BAHE A
2 g3 FFY v, dFY el 9
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5. Pizza Topping

A8E 460 FollA 587t Cooking ¥
T ARRS 2o ARzlE Fig. 63 2o

a2gdM Ed5F= ZAAMFH blistering
EAo] Aol 7]Ztelmte}
T UEetki o], o]z
dA2  Alvarez(1986)2. 329  dx)3o),
A ¥ 19 T WA Basto pizzag
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A 474 LH, LC ZFelA
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ez gz
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-

pizza bakingdls &
o] ZeFo] cheese browningol <3
n)z)7] BFo g2 AztEw AdH A
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43 o] AN FATFE FoF
g I 2 5 g,

18 oft BN wo rQ
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galactose E2& UALEZ W3l Ay
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R2HRE o galactose”} BRI A &
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< AE Wi sojzo
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gitkel %ol 93 Mozzarella Cheese #nk ki

<~' 4’ 1} ;%."r:""

= s

2 Week

o] H{LE) 84k

Fig. 6 The appearance of pizza topped with Mozzarella cheese made from LH, LB,

LC starter culture into milk

L.Cremorise @9 E 87}t
P_J_%E]»(Wllster 19R0).
wEAR
7]7‘}011 A Cook Colore #
Cﬂfﬂ frolzke fldlevt
st Ao disiA
oberg &(1991),
L s Al =

Az

33

gz A ey

Barbano $(1995)& 2z ¢z R3jd
browning
Z T3
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6. W& H& 7|20 WE FOL
FOFB 4439l 1)
Cheess® &84 AAS+  Free

OIFO)& 2ol e dxefd os) &
(AT Casein® HFTZ27F ¢ AAA
A Cheese EHE Aol FAHAY Ol
Pocketso] A& @422 Qilling Off
%<& Fat Leakagestk: |9zt
(Tunick, 1994), Z}chgt FOo| A2 3
=8 AW thololE AlE o] o3
2pe] Eo WAoo BE Qg
= W} Zo| Pizza Pieo] 9l#
FEHS dekrvle A7 dges A
51l UtHKindstedt and Rippe, 1990).
Nilson(1974)& FO9] A4do] Cheese% <]
A5k} Caseinoll thgh 2wk W] A&

%%, Cheese®] pH % %A% 5o 93

O

o
& ir =

= A7

et Y. 2% 2 Kindstedt
Rippe(1988), Kindstedt(1993)= W3
A7 @2 FOo| Aol M3 4
T H~N%AHE ZFtsgoln Bo
st9on, Kindstedt9 Fox(1991)% Fat
on a Dry Basis(FODB)2] 3% 3o u}e}
AA GEE FEdn 9. Cheese
544717 @2 FO¢t FOFBY
¥ 3l= Table 113 2t}

FO AA=e 5471309 wE LH,
LCHEF el frolde] AAHA ge
U, LBY 1, 453 %ol e 43 $9a71
b ohp<0.05). =3 FOFB| AJA &
& 54171kl Wt LH, LB %24 o]
A5 A gdgkoy LCY 1, 25 Aol ol A

1A AHp<0.05). LBY 4F
ALstA 7 F(1997)¢] B1d FO
¢} FOFBY A= 460, 490, 510, 590

4N 2 o o

A3k

do 2

]3]

i

Table 11. FO and FOFB contents in Mozzarella cheese made with different three
starter curture for refrigerated storage period
Starter Type  Ripening Period FO'(%) FOFB*(%)
1 W 451+£1.01° 2453%5.16"
LH 2 W 5741192 34.36+11.44°
4 W 5.84+1.88" 35.23+1142°
1 W 5.28+0.03° 30.72+281°
LB 2 W 5.88+0.66" 35.16 £3.90°
4 W 6.91 £0.86" 3472+ 428"
1 W 7.47+151° 37.78+£761°
LC 2 W 9.76+ 0.69° 5469+3.82°
4 W 8.32+2.14° 46.35+9.94%

abc Means within the same row without a common superscript differ (p<0.09)

1 FO = Free Oil Cheese

2 FOFB = Free Oil in Cheese Fat Basis
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¢} 27.15, 2893, 30.11, 34.83% % <47
Zhel wre} Fobdtche A3 fAb@oh

1, 2, 45 =47]7te W3 LH, LB,
LCztel FO, FOFBe AA2e] nue
Table 129} 2t}

159 FOolM+ LH, LB& LCY FO
o dg Folate AAHA2Y FOFBo
ME Fda7t vdebdal A oh(p<0.05).
712+ 259 FO$+ FOFBE LH, LB
S LCAA a7t AALHAT 450
e BE g5 g FO, FOFBeld)
g A g g FArt gle Aoz
YERt tH(p<0.05). LH, LB, LC ¢ FO
¢} FOFBe} A #FL A|x2 39 vjny
= W =47zl FIHEe we} 451~
584, 528~691, 747~9.76% < 2453~
35.23, 30.72~35.16, 37.78~54.69% = H
2 F7tste Ao R vEbg, o] d A
e W AR7ITel Fohg el

caseino] #3MH] FasHo] FHAH7
& FO 9 FOFB9 gteko] 718tk
© Kindstedt %(1990), Kindstedt %
(1991), Tunick 5(1994)¢] ¥ 19} Ux
gt 53] LC7F FO ¢ FOFB A %
o] F7tg AL 540l go wet g} #F
of gl S9HAESTT $A 5 Protein
strand% 9l serum¥ Qe A upo] ut
o2 Yoy fifoz F&Hch

7. FAL ™A HoOlH

3 2 547%d BgE nHTxE
ZAtet7l A #lA Cheesed HBETZE
FAAA v B o2 #HYstA(Fig. 7).
adeM BEo] @ulAdA YElG 11
Ao]glel Protein matrix Edlo] o]
2y 5% 2F dQd 29 dH, =1
o] o7t g2A YeYds RS B £

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

Ripening Period Starter Type FO'(%) FOFB*(%)
LH 451%1.01° 2453*5.16°
1 W LB 5.28+0.03 30.72+281°
LC 747+151° 37.718t761°
LH 574%1.92° 3436+11.44°
2 W LB 5.88+0.66° 35.16+3.90°
LC 9,76+ 0.69" 54.69+3.82°
LH 584+188 35.23+11.42°
4 W LB 6.91 £0.86 34.72+4.28°
LC 832+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

J.Res.Ins. Anim.Sci(EhF+ % # : 15) 17~48
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Fig. 7 Scanning electron micrographs of the microstructure of Mozzarella cheese
made with TA-TB, LH, LC and 1,
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FZh
Taneya S(1992)2 %Al wet
Protein strand 7} 28% H# 7lE9A

2 ores 3 BD ohdd FEEFo)

Zop 24 oA AU FAFEA
87l S0 shred 4E& YA UE
T @A strandd S Wty x
2L fFdstA e Ao Jdvdi Bx

ok ¥ AP ME FAol g w
g} ztztel FFelAM AFAe] TS
o o]z 9% FHxI} FE &7t vE
ok =3 543713 o2k LH, LB,
LC9 Serum channelel Wl FOZt 37}
3t g9o] @ Aoz ARHUY FF
Serum channeldl W& A+7F FO, &
Rge d4L #ysied =¥ 2 A
o2 Atg ol

SMFLSEE Y HICHYEY
23818

Table 133 Zow <A47]
w2 W3zl Table 1491 YEbth Table
13914 B uie} Zo] LCY 159 455
A FFLAAM HA3] AP Fhe] wt
24 NT, WSN, NPN 3tol feojAde] ¢
7 = A TH(P<0.05).

Table 155 €4 159 NTo|A <= LB,
LC ¢ LH 7, WSNeld &= LH, LC ¢
LBZHol, NPNojA = LH, LB ¢ LC 7t
o frodAel AAHHUF(P<0.05). =4 2
Z9 NTAAME LH, LCS LBZHI,
WSNell = zZ+gF7tel, NPNelA &

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

Starter type  {oelnl NT(%) 6 of el N) (9% of fotal N
1 W 3.47%001° 1169+0.02° 2.96%0.01°
LH 2w 357+0.01° 13.62+0.04° 347+0.02°
4w 354+0.01° 10.16+0.01° 474+0.02°
1 W 367%0.01° 387+0.02° 1.69+0.01°
LB 2 W 3.24%0.01° 511+0.01° 492+0.01°
4 W 3.27+001° 6.66+0.02° 2.19%0.06°
1w 3271007 1474017° 281+0.03°
LC 2 W 383+0.01% 11.45+0.02° 440+0.01°
4 W 3.33+0.01° 17.29%0.06° 1.85%0.01°

abec Means within the same row without a common superscript differ (p<0.05)
NT: total nitrogen : WSN: water soluble nitrogen : NPN: non protein nitrogen
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Table 14. Comparison of Nitrogen percentage of

of sorage 4T

o S Wit

Mozzarella cheese during 1, 2, 4W

Starter type oot NTe) (% o\fvi)ljal N (% of total N
LH 3.47+0.01° 11.69 +0.02° 2.96%0.01°
1 W LB 367+0.01° 3.87 40,02 16940.01°
LC 3.27£0.07° 14.74 £0.17° 281+0.03"
LH 357+0.01° 1362+0.04 3.47+0.02°
2 W LB 324+0.01° 5.11+001° 492%001°
LC 3.83%£0.01° 1145 £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" 2.19+0.06"
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<0.03)

LB, LC ¢ LHZ HolAdol AAHEHSA
Hp<0.05). 4 479 NTAAME

LC & LBZtell, WSNollM = LH ¢ LB,
LCZrell, NPNoj M & ZF #37bellA f9
o] AA = AHp<0.03).
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FA 185%% A4
o4 AAN =

% et i ot
AN F s4x T
o] ] st ARz AZAZE
Fo zbo], A2z Tt R E3
Ax o] Aolo] w2 Z 0.2 Sciancalepore
b Alviti(1987)= B glon T3t F#§
T Zojol o3t 7+F FAZAEo] 5ol
stAl 2t oA a7 M2 27
Pog Aztety 221 Cheese &4
AF2A YA a9y Fee &
Aol A Farkyest kiely(1991)7} 2 &
A z7)d 84 Hx7F 4%AA 96
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B

%2 Z7M8dE Riuge tdis g24
123337 ¢=3

. HsHAL

534 A3 Table 159 2t

Flavorol = LH®9 259 LCY 1, 4F,
LB9| 1, 257l felAdo] ABHAUL

o M3% ¢£d42+% LHQF), LBUF),
LCQ2F) «2o2 YEldd. Appearancel
AME LBUF) & olg AYg A
FoAol AAHNLH, &A= LBE2F),
LB(45), LHEF)Zol #2222 YEeldt
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R ol FojAde] JAHNLH FHE
= LBU4F), LCEF), LHQF)¢ex2 U
bt Ao FHol ostH LBUF),
LH(25), LC@2F), LB(@2F), LHAF),
LCUF )& o2 A2 A3EE el
gty M2E dF LCE Mozzarella
CheeseE AZAl £A471%& 252 3
1, Appearance®} 7§4-S $& FO, FOFB
gEe AaAd  de 895 244
F ° Zolg TexturedlA+ Hardness
b ol zalo] EMINFE NA g
o2 AgdHo #FY g FAUE =

Ao FAHEE AA =g FHE0

o

N

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

Sample No. Flavor Taste Appearance Texture Rank
LC(1w) 3.09+0.81% 268+0.95° 327+0.88 3.05+1.05™ -
LC(2w) 3.45+0.86™ 359+0.74° 3.23+0.53 3.23+1.02*° 3
LC(4w) 295%0.72° 827+0.83" 3.23+0.87 3.36+1.00° 6
LH(1w) 3.32+0.99°™ 336+£1.00°  305+105" 3.32+1.21° -
LH2w) 3.73+£094° 359+091° 3.36+0.85° 309£1.19” 2
LH(4w) 3.32+0.84™ 2.95+0.95% 341085 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+1.02 336+1.18"  350%0.80° 3.18+1.10° 4
LB(4w) 355+0.96" 355+101° 3.41%0.59° 345+ 1.06° 1

abc Means within the same row without a common superscript differ (p<0.05)
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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 Nact gradient.
About 4.0mg casein was apploed to the chlumn and the flow fate was 1.0m¢/min.
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11. HIIHSE -casein® A SAH4FFA & F 2
I e-casein® easl-1 %94 Band?
S YEM o Jd¥eg ol &

73E gdto Az 3FFY =4
Mozzarella cheese®} 2}7Z} 454 =A% 8 -casein® band® ZE7} ks
9] casein ®3E native-PAGE # 7|4 g o] Farkye 5(1991) ¥ creamer,

Zo o3 BRI} AFE= Fig 99 2}, o} Matteo(1982)¢] Azete YAt
3AE EF fB-caseinolA 23"y
1))

Fin. 9 Electrophoretogram of Mozzarella cheese casein
1} Starter, TA-LH, aging period(A : O-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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