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Establishment of the Optimum Culture Conditions for Mozzarella Cheese
manufacturing by Streptococcus macedonicus LC743 with
Immunomodulating Activity

Sun-Young Park, Noori Han and Sang-Dong Lim’

Korea Food Research Institute, Seongnam 463-746, Korea

Abstract

This study aimed to establish the optimum culture conditions for Mozzarella cheese by using Streptococcus macedonicus
LC743, a strain selected for its immunomodulatory activity. For process optimization, 1.0% and 2.0% strain was inoculated
and incubated at 32C and 35°C, respectively. The general components, bacterial count, total solids, yields, and immuno-
modulatory activity of the Mozzarella cheese were investigated. When the strain was inoculated at 2.0% and incubated at
32C, the product quality and immunomodulatory activity was optimal and required minimal processing time. Therefore, 2.0%
of S. macedonicus 1L.CT743 starter culture was added to milk at 32°C, after pasteurization at 63C for 30 min, and agitated
for 4~5 min after addition of 230 pL/kg of rennet. Curd was made by setting the milk 25~35 min after addition of 0.01~
0.02% calcium chloride. The curd was cut at 0.1~0.12% acidity (81 min later) and after heating the cheese to up to 43T.
Whey was removed at an acidity of 0.17~0.18% by agitation for 53 min. Next, cheddaring for 210 min up to an acidity
of 0.6~0.65%, stretching at 72~75C, and molding at 65~70°C were performed, and the product was allowed to cool down
to 5°C. Salting was done with a solution of 18~20 "B¢ at 12°C for 20 min and drying occurred at 80~90% relative humidity

at 10T for 2~3 days.
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A th(Bhathena et al., 2009; Lye et al., 2009; Rafter et al.,
2004; Baken et al., 2006; Kim et al., 2014; Kang et al., 2013).
Azo| AHTS EFFOR ASHV, BY AAzo] M

A Ee $4 HYe 2dste 90 w0l B FE
AES ol Y5 whet, gabge] s Aol o
sk Aol JF =L AchBaken, 2006). F-2 0] & A E
bl Wlatolu violg X 5 ol= o] S0l IgA &
A7E oles A A, olg°] HEoUe 528 753
sh=dl, B Bkt o] IgA A9 AE Fe 2ol
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S Axd F Al =
(Perdigon et al., 1986). F3F, Z Attt A bgo] A
Aol A E T-cellsh 72> HAM ES} 2831505 o,
o, HH o x—]]gz._oﬂ teFatA G HIAE Al EFRRLE]
e B2 4 Atk (Nussler and Thomson, 1992). Marin 5
(1997)¢] %‘r%ﬂ oat, Ab= WhA] 25> RAW 264.7 cellol| Al
)29 lactobacilli= 10°~10° CFU/mL F=oll At}
v ) Fo) 41190744 TNF-aE& A48k, 10° CFU/mL
FEol = 88u7HA] IL-6°] A= JATHAL shadth B3 lipo-
polysaccharideZ RAW 264.7& FAl A& stH z}7Z}t 4.2~
10.681 9} 1.8~8. 74 = ATkl 3} Th Tejada-Simon3} Pestka
(1999)= €= AMEAIZ Bifidobacterium, L. acidophilus, L.
bulgaricus, L. casei, L. gasseri, L. helveticus, L. reuteri®}
=9 cell wall, A| 2
FZE9] in vitro 7$9l 4] RAW 264.7 macrophage cell line]|
A] cytokine} nitric oxide(NO) 2§ 2 Z2lof dis] ZAMSH
A3}, Bkt cell wallZk A| 322 fraction< macrophageE A=
Al A TNF-q, IL- 692} NOS 594 AA /@Hﬁlo 22X A
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1. Streptococcus macedonicus LC743
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oAl A o] g FAakde] JFo 2 A

o
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0.1 N NaOH € 1 mL= 0.009 g 34t
A HAE(BA%) = (0.1 N NaOH &7 ZFHmL) x 0.009 /
AR %(g)) x 100

% IFE FFE 7] e, Aol AAsNAL 15 g
= FE8S B, 10541 Co] 7Z7](Ciculation air cool strilize

oven, Seoul Scientific Co., Korea)ol| 4] g&Fo] & wj7}x] Ax
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1) M= bt

Al 8%k Al AHE-E A= DMEM (Dulbecco's modified
Eagle's medium, with or without phenol red, Gibco)S A}-&-3}
Aok WA= 33 =F4E L83 T sterilized filter(0.22 pm
pore size)Z ] Z}ste] B3t the, 10% fetal bovine serum>}
1% streptomycin-penicilling 3 7}3}e] o] &34 om, M E A
A gl Al Al 37CE FXAISHAA AME-3FA

A EZ= vl F Feba vkl confluentshAl 2bsk< wf -
28 A EE T8ty o] &-383ith DMEMe] &1 vl Z2}
230 AEE Z+2}F 37T, 5% COE FAI5FH A CO, incubator
ol A ulj k3l th. Anchorage-dependent$t M X = HjA]|E Al
A3}, trypsin-EDTA(0.05% trypsin, 0.53 mM EDTA - 4Na)
£ 37T 522k Attt ol AEE FEg F, 1,000
pmol A 577 Al E S ok A s Al AsH, ThA] B
A& ol A4 FElske A4S 3 whEsiith olFA 4
AR AEZE viA| o] A -, YT A EFE B0l AL

L3R AlX2= freezingd WAE H7Este] —70C liquid

nitrogen tankol] H#3F £ ARE-A Aol @ Fsto] wl FakdTh

2) 2I2d AAZF(NO) 2Hls

96-well plated] A1E 20 L 2 RAW 264.7(2x10%well) 100
uLE 23, 48A17F 5 CO; incubatordll A 37CE A 8HH
A et Th vl F9 NO X+ microplate assays
o] &3t 3ttt WA 48A17F o kst &
UL aliquotsE 3 3te] 722 8-3F2] Griess A12K(1% sulfanilamide/
0.1% naphthylethylene diamine dihydrochloride in 2.5% H3;PO,)
S ¥al, A2 A 1027 WS A1 T ©] wf ELISA reader

(Molecular Device, USA)Z 540 nmoll A 2] TZ =& =439
o} NOY ZEFEZZ+ sodium nitriteS AFE 3 Th

374 50

3) Interleukin-1a &H|S

RAW 264.7(2x10°/well) 100 pLe+ A& 20 pLE 96-well
platedl]l 2] 37°C, 5%2] CO, incubatorol] 4] 48A17F &St Hll
F § FAAe s M ETE EHE Interleukin-1a
(IL-1a)€ enzyme-linked immuno-sorbent assay(ELISA)E ©|
43to] ZAEATh 5, anti-mll-la B 2 IA7F I E
microtiter plate (Mouse IL-1a ELISA, comabiotech, KOREA)
o gA ] 5ol &l wh-g& WAIsE7] $13te] blocking ] oF
(3% BSA &9, wiv)= 7}8t o, Tween 20©] 0.05%(v/v) &
$¥ 0.01M PBS (PBST, pH 7.4) A3 & g=d0 2 33 A
25tk Al A 3 plated]] biotinylated anti-mIL-1a A& 50
L B, 25 IL-la = vl g3 A4S 50 ul wellol
A3, 25TollA 24178 vl k&t vl k3 plateS Al 2§

SFHoF thA] 33] A HSIA, 1.5 ug/mL F=9 streptavidin-
conjugated horse reddish peroxidase 100 pL& 7}k t}& 25C
oA 304 WESAIZ] = AAHE AFN R 33] A HE AT
o] 710)] Al 7] A 8-94(3,3°,5,5°- tetramethyl benzidine)S 100 L
7vsted 25CAAlA 302 7F FAHEE-8 AlZ1 §, 1.0 N sulfuric
acidS 100 uL# 71l w35 A A ZA T ©] 23 ELISA reader
(Molecular device, USA)ZE 450 nmol A F2 =& =435l
Ao TFEFANA IL-1a FHE AeAth

4) Tumor necrosis factor-a 2H|S

Microtiter plate(Mouse TNF-a ELISA, Comabiotech)ell %=
TNF-a =& H] st Al5 < 9 biotinylated anti-mTNF= 50 pL
A wellol 48}, 25°Coll A 24178 vl k3t vl %31 plate

E AAHE S=907 A 53] AlH 35}, HRP-conjugated anti-
mTNFZ 100 uL¥ 2o] 25TollA 308 uj %3k o2, Al 3 &
xAo =z 53] A o719 713(3,37,5,5 -tetramethyl
benzidine) 100 uyLE #H7}sle) 25T A 3087 YaHu-e
S 2171 F, 1.0 N sulfuric acidZ 100 uL% 718 ¥H2g A x|

A171 the, ELISA reader® 450 nmolA SJEE =43t
A BEFANA TNF-a TS Adstant

Ads FEETHAKSD)Z YeR 2, A 4] Statistical

Package for Social Sciences (SPSS, SPSS Inc., USA)Z A A3}
ATt 2= one-way ANOVAE E7A1A 2] 3913, Duncan’s

multiple range testsE AH&-ate] ol 5% Tl A 7788t

At
4z o &
1. A= M= 5 sHets o ojuBEs wat
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A2 Az F s34 9 vy =34 HEkE Table 13 2 vk} o} Streptococcus macedonicus LC743 45 1.0%%}
ok A= A zol AHEe A9 FFFE 2.9%10° CFU/MLO) 20%%E AEste] 747F 32T 35Coll A wiFataA 39
AL, AFoll A= 1.5x10° CFU/MLOI Atk A= Az A wl AT 0.1~0.12%7HA] =3t A7 £3 WE & 3
Z 74 9 AE F=E B Sweptococcus macedonicus AAE7E0.17~0.18%7HA] =238t= A7k B8 T F39] 4
LC743 T35 2.0% AE317, 32Tl wide o = 735 AT} 0.6~0.65%7HA] =EEt=d Aele A7He ST
ghgol 71 Ael wet A2 o] 15 AR dSH Uk A, 32T 35CAA et A9 vl=gh Al7ke] 28

= ZoZ YElHom, 32T A 2% HE3sl= Fl0] 39482

2. M= AlZH 2 AZ AZe] 7MY dEE A

Badel A =20] Zb Al ZGAE A2 Table 2914 H=
3. M=od = J12FM

Table 1. Properties of experimental cheese 2B HE 2% 32T 9 35CAA AF5H 1.0%, 2.0%Y
Starter Streptococcus macedonicus 1.C743 w7 AAHAETE0.1~0.12% = A ](Flg 1 (a), (d), (), (O))
Tnoculation(%) 1.0% 2.0% F4 ME AAAE0.17~0.18%) =2 AF(Fig. 1 (b). (e),
Fat(%) 4.60+0.00 (h), (k)) 3 HF AFE(Fig 1 (o), (O, (), )2 A& &3t
Protein(%) 3.1840.01 Atk AEE AE W AL strength= BE Z70M AT
Raw mi Lactose(%) 4.65+0.02 '5‘1'919—31, 4 & £ Z o|FAHT Y WE T A=
Total solid(%) 13.1240.01 9] strength= AAsIF o, 2EHH Al 270 EofA= &
Fat(%) 4.60+0.00 2ol Uehgon) ujw ] & o] FojH I, 35T 2EEE
. Protein(%) 3.20+0.01 Wi Al FRTE 32Tl M 2BE S W g Aol ¥ 2
Pasteurzed milk | - ctose(®%) 4661001 ool Al A% AE T 32CAN 2EES vk AE
Total solid(%) 13.15+0.02 ol &rEAY AF 7 WA ZF o YYth FES &
Fat(%) 0.84+0.01 0.78+0.00 = AFelA wlaA F2 237F eyt
Inct“baﬁo“ Protein(%) 1.10£0.01 1.00+£0.01
;;ng Lactose(%) 4.82+0.00 4.88+0.00 4. A= H=mH & Hibgo H3
Total solid(%)  7.47+0.01 7.35+0.01 A= Az T ZAAde] Wske Table 334 ot S
Whey Fat(%) 0.70+0.01 0.72+0.01 macedonicus LC743 5= 2EFE A7} A 10°~10" CFU/mL,
Incubation proieinogy 1076000 104001 cutting A 71 EAXE 107 CFU/geI 2, 7He F A=A &
t;;ng Lactose(%) 4.92+0.01 5.0120.00 10°~10° CFU/gel A 2™, #F AFA+= 10" CFUmLE
Total solid(%)  7.42+0.01 7.47+0.00 RN ATt S, macedonicus LC743 55 2.0% HE 3L 32T
Raw milk 5 0x10" ke o, #HF AFo] ko] 8.6x10" CFUgS = 7M=&
Viable bacterial ~ (CFU/mL) Al YEFSETH
count Pasterized milk L5x10°
(CFU/mL) 5. szl x|=of -zsz%g% san +8
All values are mean + standard deviation of three replicates. Baeal X2 7R 3k 282 Table 4014 B
Table 2. Time schedule of Mozzarella cheese making with Streptococcus macedonicus LC 743 (min)

Arrival time of Arrival time of rum Arrival time of

Incubation temp. Inoculation vol. Total manufacturing

1) 0,
© & Loz 00ny e e
1.0 90 145 361 411
32 2.0 81 134 344 394
1.0 80 180 370 420
3 2.0 65 150 347 397

Y TA: Titratable acidity
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Fig. 1. The photos when TA of the whey has reached 0.1~0.12%.
(a, d, g, j), when TA after run off the whey gas reached 0.17
~0.18% (b, e, h, k), and end products (c, f, i, 1). (a~c) incubation
temp.: 32C, inoculation vol.: 1.0%; (d~f) incubation temp.: 32°C,
Inoculation vol.: 2.0%; (g~i) incubation temp.: 357, inoculation
vol.: 1.0%; (j~1) incubation temp.: 35°C, inoculation vol.: 2.0%
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Table 4. Total solid and yield rate of Mozzarella cheese with
Streptococcus macedonicus LC 743

Incubation temp. Inoculation vol.  Total solid Yield rate
(©) (o) (o) (o)
1.0 46.31+0.03 10.04
2 2.0 45.25+0.03° 10.87
1.0 46.84+0.10° 10.15
» 2.0 45.370.06° 1047

® Means values with different superscript within same row are signi-
ficantly different (p<0.05).

6. 2zl X|=2o| My B g4

S. macedonicus 1.C743 o5& ©|&3t] Alxet EAdz}
Az A9F5 axs B7] 915t TNF-q, IL-1a, WHeA
A2Z(NO) BH)5< 2A}819THTable 5). A2 EE7F 1,000
pgmLY o A ZZ A TNF-a %}Ol 2,000 pg/mL ©]4&
BRSO, IL-1a9] ¢ #F5 2.0% HF38kL, 32CelA
v eFste] AlZzE A=A 815 pgmLE 7Y =2 e
ERIATE NO 2 ANk o=z e 78 B =, 455

2.0% FE3IAL 32Tl A sl AzE 2 ZA 1576 uM
o7 7 =2 7E eIt Park 5(2005)01 25, Raw
264.7 Aol €3 TNF-ak NO2| A Aol A Zakgo] vlx|
= S9& A1 $18N Lactobacillus acidophilus, Streotococcus
thermophiles, Bifidobacterium bifidums RAW 264.7H ol =
glate] v FAIZ A, TNF-OL%}—"— 1,200~1,400 pg/mL, NO=
9~22 M & YERHRITE H35F Chang 5(2009)l ¢]3tH,
AR N B2 Lactobacillus acidophilus KFRI134 & RAW
264.7 A El 5,000 pg/mL7HA] X 2]3 A3k NOE 17.68 ng/
mL, IL-las 238.07 pg/mL7} A4 = ATkl B aksich o] 2
F AFAANEF D3] BS wl S macedonicus LCT43
olgato] Az wAdeY A2e] WelEH B A4

$5ateth

off 4N r°"
rlo mlm

0z
z
Ja}

7. Bqalel X=o| NxEZF
Az A7 A4, BYdsy T8 #ekste B o S

macedonicus LC743 o5 2.0% FE3813L, 32°CollA] vl &3}

Table 3. Lactic acid bacteria count in Mozzarella cheese during making process with Streptococcus macedonicus LC 743

Incubation temp. Inoculation vol. Starter Curd before cutting Curd after cooking Final product
() (%) (CFU/mL) (CFUlg) (CFU/g) (CFU/g)
1.0 6.9x10° 4.1x107 9.4x10° 5.1x10
32 7 7 9 7
2.0 2.3x10 8.9x10 1.0x10 8.6x10
1.0 5.8x10° 3.5x10’ 1.3x10° 6.0x10
35
2.0 2.4x10 9.8x10’ 3.1x10° 7.7x107
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Table 5. Immunomodulating activity of Mozzarella cheese with Streptococcus macedonicus LC 743

Incubation temp. Inoculation vol. Sample content TNF- a IL-1a Nitric oxide
(©) (o) (ng/mL) (pg/mL) (pg/mL) (uM)
1,000 >2,000" 743.38+18.34° 8.31+£1.92°
“ Lo 100 741.22429.75° 126.64+51.82" -
20 1,000 >2,000a 815.24+36.53" 15.76+1.03"
100 946.38+18.32° 141.26+28.07* -
L0 1,000 >2,000" 602.76+24.90° 8.67+2.09°
100 582.32426.04° 98.36+19.34° -
3 1,000 >2,000" 613.12427.44° 10.17£1.74°
20 100 764.10+11.00" 104.82+11.24° -
All values are mean =+ standard deviation of three replicates. ** Means values with different superscript within same row are significantly different
(p<0.05).
o Az 571 0.1~0.12% w(2F 814 4~ 02) AEE A2 7h23ke], H

el 27} 7Hg 58] we o2 7o)
AZFAE 2RI tHFig. 2). DS (63 TR0E
72~73C/1 53)—5—}7 32°Ci yzhek o éé’&&% 2% AE

| Raw milk ‘
Testing raw milk

| Pasteurization }
63°C, 30 min
| Cooling ‘
1T
icus LC743 |
1 2% of raw milk
| Adding of Rennet }
1 230 plkg
| Formation of the Curd J

| Tnoculation of S maced

| Cutting the Curd ‘
Cut curd with 1.6~1.9 cm knives
Whey acidity 0.1-0.12%

| Draining the whey }
1 40~43°C, Whey acidity 0.17~0.18%
| Cheddaring |
437C, 210 min, Whey acidity 0.6-0.65%

| Stretching ‘

1 Stretching by hot water at 72~-75C

| Molding |
After molding at 65~70°C, cooling by cold water at 5°C

| Salting |
Soak in salt water (18~20 “Bé&)at 12°C

| Drying \
80-90% RH at 10°C for 2~3 days

| Packaging ‘

Fig. 2. The production process of Mozzarella cheese by Strepto-
coccus macedonicus LC 743.
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