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Abstract

The degree of ripening during the storage of natural cheese used as a raw material
significantly affects the biochemical properties of the cheese and, consequently, the
microbiological and physical characteristics of the final product which is a processed
cheese. This study aimed to contribute to the quality standardization of processed cheese
by identifying and controlling key factors influencing textural stability, a major concern in
the cheese manufacturing industry. To this end, microbiological and physicochemical
changes were monitored in three types of Cheddar cheese over a storage period of 1 to
9 months. Among the various parameters examined, lactic acid bacteria (LAB) counts and
intact casein (IC) levels were identified as the most influential factors affecting the texture
of the processed cheese produced from the stored raw cheeses. Based on the results, it was
concluded that natural cheese should be used within the period during which the LAB count
remains above 10 CFU/g in order to ensure desirable texture and quality in the final
processed product.

Keywords

processed cheese manufacturing, natural cheese ripening, Lacrocossus lactis, proteolysis,
casein

ARz - Dol L - £EH0 FYE A=t <4 IE0IA
AW &0, A, 71s/de] Weshs daAQl dadlEolth A= g4 @
SRR 7RIl A - S5k 284 Ca-vRPHAIRI YIEQIAE olF= 74101‘31 olF %t
T HES J AEEARe] T, T gl A e A o= ZIPECHI). Z] 7= g4 ol
O] Ak A3t T E3f A2 Yl A= 724 540 o°"~— U 53] Mt E=ol=t
S5, vold 7= AEE, 4
12 A7 Agor s550] e WS

ol s IolA= Eiakets Hept BHtEH, 1 F8 A=e (1) AF HEL, HHRIE
AEEARS] AL, (2) S 23, (3) A 23] Al 7= 8oFd 4 QIrH3]. Fitk(lactic aCId

pH 5.00] 79842 ZZA(pH 4.5-5.0)01 &3t 7HA|
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bacteria, LAB)S ZHEAE ZAlo & tjAlshy, A= ZARS v| A FAHnon-starter LAB,
NSLAB)?| 9l opH|EALTL CO, G0 F7t HAgHHATHY]. AR 7390 whah AQ)A X ZojA A
Propionibacterium sp.°| 25 Z23] 24 ofEAL H,0 ¥ COE HAEAY, Penicillium
sp.°ll 25l T3] COet H,OF A== FHH5]. /48717 Thild Haf Aol 2 A
o, &/40] XY 4= ol Eort AdkEo] 2|29 222 AETE FHAdS WA HoHol.
T3t 54 713 7k B-casein®] £ FH(C T F-912] 84-89, 193-209)°l4 2= HEt
oo 9af &9k RSk | = gtH7). A= FFe| wheh Tl Bofo] k2 tEA vk,
IREel A 2= ARk ld Bl Aok 9 x| 2= St 2] did B, ERX 2= 3
913t Sl Hafjzh £ & olcHg].

ojgx X2 &4 nBE E 40 Ao o] Tt e #alr} doju, ol S|
2 Agejehy AgEETE oflet E40e kS vlXich Eo] dd BEojE QIgh 27 ¥gk= Ak,
B 5 B84 EAI A AHER AN 5 intact casein(IC), AW, &, pH 59 o|s)sH4]
ARSE G710 S48 1 §ig} Fol& welsh= Zo| F83HH9).

U 7REA 2 AdolAl= A Aok BREete) 22 AAAA2E 5 FE(10-25 koE
sto] AR ARSI itk TEu AL $ 3-10701E% Al B 5 APEE 4 352 AA
Aoz BAPHA Zof A 9 2 B, 5 =2, A 9 9|9 ol T2 £4 Agto] HIHsH
gkl Qlok. Sdo] =g A IC ol SaotHA F8Al Tl HY=AY ExtgeiA| L,
Y2 /o] u|ET A% Ca-7HAI%l Aol ANsHA fAEo] Frrt HeskA Adsshe At
gttt 9o E7510L 71E AU ATES FE AR 38 5 W] &4 ¥l H3tE o]
Aom, 7| Bt F AAX 29| e E EQsietd B4 Wk} 7aA 2 £ 7o) S
ZLH 0T tE Algls EF AFolth

2 A7 o Al 7HRIE SR gt AR, dekARl B3t 7|1ZH1-970Y) B2t AR 29
uAE(plate count agar[PCAl, lactic acid bacteria[LAB], yeasts and moulds [YM]) ¥ o]s}s}
2 AH(C, A5}, &, pH, proteolysis) HI8}E 25 7tA0 & 7 - BA3Ith &4, &4 dAE
Azm AZE &gslo] AX3E 7FEA 29 Texture EAS AS 9 s B/ =2 A 272
27 AMAE . A, IC YARE EEshal olof wE f3kA 9 QA 24 B HlE
AAFo =X, 7REAZ AR Al Y8 N2 SA4EE AetHo s e - #3448
AL vidstaA 3k olF B 2 A e JU 7RSAIR AQlo] AWHet B4 EQFY EAIE
siasta, Ay £4 FRE A3 A <4 B X3 vl 7]og A eE 7|diEh

=z 2 UH

1. A ME 7IE Y A g
Q28 ARIAZ| BY % A1) UE 7} FEE Aue 0% velz £ ole B AN

At AlE= = 7RSAIZ A4 71 Eo] YRE AR AT 2E AAskelar, A
LS =ol7] Yol ml=r4l 283 FEMEAT 152 AEole], F 359 AT 2E tiide= A
A2 Attt 359 ActA == F5] 23 8do] A4kt AlFolH, f-8713h ARY=EH
AR 1270, FEMEARS 1870 oIt} Lactocossus lactis subsp. cremoriss NEFE]Z A}
851991, NSLAB= ARESHA| ottt 389] AlE+ @RolA dEd AZE Btk 59U 7]
TOo®, W FaoA ¥, 10T o5t 7|EeE Hikel AlgE ARSI

J Dairy Sci Biotechnol Vol. 43, No. 2 | 95



Kim and Kim

96 | J Dairy Sci Biotechnol Vol. 43, No. 2

2. 7+ &4
1) ik
QA 27 WL BCP(bromocresol purple) Z7F BEEA-8HR|(21&9] 7|& W F29]

HiA 11)E ARESH] Akt A2 ARtk

Al 574 2 A5 71 B 14, Ao 1A 45.1 AR 7h EEEEEE AR

NFe] Y PAS ABY V1E L 4, A T4 45,1 WAES 7E BEPWEL
AFg3h Tl B TeolE SAET o= QRAAMA 128 A83le] 25TAH 57U
SRt 5 AR A4S ARSI 1 Bl SHEeE Folel AReE 20

qre 574 2 AF0] VI 9 A1, AP JAT 4.39] HAZAIEH0IE R HiA|
HE g8sto] ey

3. SCA(starch casein agar) HiX| &8 71520 M SH(HY)
Tl dhel ot WA A4 B4 sl HE 7HIL O}ﬁ(starch casein agar, SCA)&

ARG SCA 63 g2 BAIKR/SF- 1,000 mLof FEAZ] &, o] &As] &2 f7hA] 714
°H‘% ol% fASH F710f whet 121T(15 psi)ollAd 1581+ LEZFo|Hslo] et mpxeo g
P42 5 Eatd HEHAC] Al 3-5U73F 35T 240l st

4. 0|zk=Hy X|E =4

1) Ilt”' AL
Ak S8 27 22k AR QAEH 2.1 2GR S AY DIAEE 2.2
AIAZANDEE B8N

2) IC(intact casein) %t

NIR 27 452 28, 422 30 #m ID, 91 cm Zol9] Ejojddo|W(positive) FHE ZA]
Toll ¢S 713810} YAt NanoSpray® 11T 227} A2F Ak BA47)(TripleTOF® 5600,
GoldPeg. Internation., Denmark)S &-85}3t}

3) pH, €&

ARgolEl Ut B92] O " GE=A(PAL-03S, METTLER TOLEDO, USA)S &-83lo] 24
stk
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71l B85k S Fxsie] 9 A 7Nte g 2497 Fulof tigh Vs ¥ Ak 5
< B7FISiTHI0L.

TEEAL 71EXZ AF & 9Yo] dZA o7 g5t on, SENSOTOOL R(Sensometrics,
Germany) AZEQoE ARgsto] H7F e £o9tt 7|5 4 e 7t AIk= least
significant difference(LSD) thH|A. HA-S 53l 95% AlF4EoA BAZ o8 A5} 2
gdo] A& 8L ideal profile method(PM) HHO &2 AR HEA 7| B3 55t HAE
Act.

6_ %é’ al 7 |'E E“AE
A& BARED T B fgAEHEA (06 VT-06, RI ON, Japan)¥ texture analyzer(CTX
Texture Analyzer, Brookfield, USA)E Z¥z} &-8&sl0o] =451t

7. NGS(next generation sequencing) £41
58 QAR &4 2715E O] B3t 717E 52t vBE 9] ¥t S THHL
2 gRIok7] s A A71ME EA(next generation sequencing, NGS& 3ottt

Processed Cheddar Block Cheese
(Tillamook, 6w)

15 Do you prefer this level of scumess or stranger/weakar? Sourmess
1 Read each statement carefully before startirfing. Taste o o o o o © Preference
2 Consider your own experiences with the product, ritalek how much critarion Buch Modeately  Medsam  Modesitely  Mostly Extramaly
each statement applies to you and circle the appropiate weakae waket dogrio stronget
3 Consider each statement separately withoul making comparisons 16 How is the perceived sharpness? Perceived
and choose 2 of more responses, o o o o o o sharpness

Not at all Midly  Moderately  Mostly Extramaly  Extremaly

1 Rate it he product for eating atter fasting If iter fasting it Tasta
Dislike very much, like product) appeal 17 Is the cheese at this lavel of firmness? Firmness
o Q o} Q o] o] (o] Fullness o o o o o preference
2 Like it thout tel the product for eracting occassiv .. Toxire Notatall  Midly Moderstely  Mosty  Extremoly  Extremely
(0] o ] o o} o o) GResion 18 I8 this level perceived level of freshness? Perceivad
3 Like the product so a sode? Praferance o o o o o o sweetnass
Qo o o o o o Q i Notat all Midly Moderatoly  Mostly Extromely  Extremely
4 Like the chewy it? Snack .
CI) woy- o o o o o criterion 19 Is this level of sweetness or stronger / weaker? Perceived
[} (-] @ a ° o sweelness
5 WQ all "Rlﬂgc’;)" oeding ac;m 3""0‘9’:) 5 5 o s t('ii):l:';;"ty Netatal Midly Modesstely Mosty Extremely Extremay
< 19 How strongly or weakly is this emotion Perceived
€  Dairy liking intenity and lovel of saltening lesvel? Sally h.'nste ex logged?. - sweetrass
0 o o [o) 0 o o intensity
o o o o o a
7 Cheeosy flavor intensity? Cheesy Srongly Disike Meiiher Mosiy ling Likg Strengly e
o] (0] O o o o o  faver intensity dakke Wi oe thaik
8  Age adequacy ériterion Fat adequacy Agi adequacy 22 How strongly or weakly is this is emo tion Strongth on
o o o o o o G criterion ax logged? - your putt
=} o o 3 o o
9  Fat: adequacy Salt adequacy Fat adequacy Very wenkly (0} Modarae Strorg Strang Very stronty iy
(o} o o o o] o © ” o : i "
tromn: g LUR | G % | s ling'
10  Gomdness il ro renking eatngity or Calcium adequacy Calcum adeqguacy 4: o st gty o weaklyla this amolion ek loga ealng
o -1 o o o o
G o o o o o o Veryweskly Weak  Modersely  Swceg O VerysrengiC)
12 Goodefor; adequacy Other children’s age adequacy Taste adequacy o3 0} o
o] (9] O (o] O s ] (o] 24 How strongly or weakly is this emaotion ex logged? Bilter ness
o & Pref G
13 Taste fiking criterion Taste fiking criterion Eating frequency a e Q < 2 o i o
o] (o] (0] 0 o) o o critarion Veyweskly  (0) Light Modorsty  Suong Storg
14  Goodness for male children Learning adequacy adequacy Learningage 26 Do you prefer this level of bitterness or strong/weaker ? Bilter ness
o] O (o) o o o o Mch No Moderately  Limver Saver ven Preference

woaker  Maoderaisly WeaKe!  notnot stronger  Stronger stronger

Fig. 1. Items from the sensory evaluation questionnaire - PC (6w), processed cheese produced with 6 weeks ripened natural cheese.
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[lumina A A G71AE EAINGS) AH[Q1 MiSeqs ARE5He] 16S rRNA V3-V4 F99
A71M QD HlolelE AJst3itt. §3] sequencing-by-synthesis(SBS) ®4l& AMgst] 11549
paired-end read H|°|HE AlZUTE EZF 16S rRNA A[E4 Holele] A2, 57 E AlZtslo]
o g2} AREE= QIIME 2 E3052 B9l Hlolel AA=Y Alze), B42 XI3¥sieich.

DNAE QIAGEN(USA)AFS] DNeasy blood & tissue kitQ] AFA} mirdof| whe} 531950,
amplicon library 7= ¥ A|#AS Y8l Herculase I Fusion DNA Polymerase®} Nextera
XT Index Kit V2(Illumina, USA)E AR85] 16S rRNA £4-8 amplicon libraryS ARSI
16S rRNA #42e] 2Aojl= V3-V4 region EFOZ ARE3I9L

Za 9 2%

AeF2 3500 ehet o] 48314 9 ojgfats F S BAT A Table 1), %4 2ol
UPE iR st k] JUTAE BT S Ik 2 AR st L VN S
A8 Fslo] ol Al 27 A28 A8%) /1BA2E ARSI, W7l Q8 HAE,
0 24w 54 59 A% A% BY usE W

1. 2= FNCHX|Zo| D/dEstH 3 Olsfelety £
1) XFXX =4 F A2 IC(intact casein) A2

FoRP7} gAgt Jx}% ‘?r/?_ e ICEHL & 4= Qloth Ul 7HS AR SAtollA 71 dRkd o=
ARESHe HEd AAR AR AHRA| 2 3] iRt ZF AWgEE A}, foAF FAg Ak A

T 2F IColH, ol Bt & A7 B¢ AAX| 29| FAHSlol| & S Skl wHsilth

ARFIC %i 2L HE AN F 977t 25 B AEE Adsinh sAEE 20-
245 Aolo]l A& 3% B FA5] AT 3, o]F 10 CFU/g Olet2 fAI=h= 43S HArkFig.
2). 3 IC 3r %EH—X] 20} YuiX| 2= 245 A, Eeleh (2= 2653 g7t 34
AA El= A HUtKFig. 3). oo wet fAte} IC el J4t A H7to] foulstA
YAoh= A @Hﬂ%‘ & 3, §ARESTE 10° CFU/g o8k A&go] ul-¢ ¥ u, IC gk IA|
AAEo| tiF S0l RIS olF Bl fAES BRI AE o8slo] 7S =
IgEolER —E-—OHOM] =1, o]F ¢ A2 fHElo|EE Fofioh= IPgollA, AR i) SAE
£ 9ulskz IC gho] AasH 22 F=22 & A =ik

AR 7P 83t S TRt BRRARE AR starter2A1Y] ARgoltt. E5] Sirep-
tococcus thermophilus, L. lactis, Lactobacillus helveticus, Z18|1 Lactobacillus delbru-
eckii subsp. Lactobacillus bulgaricus= °15 3FH6H starter2A] ARSEH, -FAE7150|
010%1 -.C-}JKHLQ] chil7l=B5) A Al (proteolytic system)y £835F IS gosiey|, 11 AL

FE0] $-5 WollAl A7dst7] gk tolw, 12 Qls) Ag3-4Q1 a7t =7 wiiold}. RAkt

% 3% 874(auxotrophy)?] E4& AYIL o] 95 f A0 Y= opn|icAle|y peptide”t
s '3};‘] %7] wize] LFERE ol TRt gt} 121l o|2fgt ofm|iAtolu} peptide
= 90 WA F 7P 2 HI5S AABR= casein®] ZeEao] o5f] gAktol AleE ol Tk
& 5 1L

ANt St 67 o] AU otk Adsg Holu, ol e SuiFelH, A &
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Table 1. Changes in microbiological and physicochemical properties of three Cheddar cheese samples during storage ripening (0-9 months)

Time (month) 1 2 3 4 5 6 7 8 9
(week) 2 4 6 8 10 12 14 16 18 20 22 24 26 28 30 32 34 36

Lactic acid bacteria (CFU/g)

Tillamook 7x107 5x107 5x107 2x10° 2x10% 5x10° 3x10% 2x10* 2x10* 7x10° 2x10° <100 <100 <100 <10 <10 <10 <10

Hillmar 3x10% 2x10% 2x10° 5x10° 4x10% 4x10* 2x10* 2x10* 8x10° 2x10° <100 <100 <100 <10 <10 <10 <10 <10

Fonterra 4x108 3x10° 3x10% 2x10° 2x10° 6x10° 3x10° 1x10° 4x10* 3x10* 2x10° 1x10° <100 <100 <100 <10 <10 <10

Plate count agar (total aerobic bacteria; CFU/g)

Tillamook <10 <10 <10 <10 <10 <10 <10 <10 <10 <10 <10 <10 <10 <10 <10 <100 <100 <100

Hillmar <10 <10 <10 <10 <10 <10 <10 <10 <10 <10 <10 <10 <10 <100 <100 <100 <100 <10

Fonterra <10 <10 <10 <10 <10 <10 <10 <10 <10 <10 <10 <10 <10 <10 <10 <10 <100 <100

Yeast and mold (CFU/g)

Tillamook <10 <10 <10 <10 <10 <10 <10 <10 <10 <10 <10 <10 <10 <10 <10 <100 <10 <10

Hillmar <10 <10 <10 <10 <10 <10 <10 <10 <10 <10 <10 <10 <10 <100 <10 <10 <10 <10
Fonterra <10 <10 <10 <10 <10 <10 <10 <10 <10 <10 <10 <10 <10 <10 <10 <10 <10 <10
Coliform bacteria (CFU/g)

Tillamook 0 0 0 0 0 0 <10 0 0 0 0 <10 0 0 0 0

o
o
o
o

0 0
Hillmar 0 0 0 0 0 <10 0 0 0 <10 <10 <10 0 0
Fonterra 0 0 0 0 0 0 0 <10 0 0 <10 0 0 0 0 0 <10 0
Fat content (%)
Tillamook 342 361 350 352 325 340 339 315 324 339 336 328 336 342 348 355 356 334

Hillmar 345 340 339 345 332 344 346 348 339 340 341 345 338 337 341 336 348 342
Fonterra 350 348 351 350 36.6 354 348 357 369 338 342 343 340 339 348 345 337 336
pH

Tillamook 501 510 511 509 508 512 515 509 505 505 511 519 502 500 498 505 510 5.08
Hillmar 519 520 525 515 512 514 521 523 520 510 511 520 521 525 520 505 509 511
Fonterra 510 5.08 500 509 515 510 514 515 500 509 504 506 511 512 518 520 515 512

Moisture content (%)

Tillamook 32.79 33.15 32.85 32.15 3242 33.18 3410 32.55 3215 3299 33.18 33.17 33.85 31.95 32.38 33.65 33.02 33.10
Hillmar 3467 3519 3514 3555 36.10 33.98 34.45 3410 33.96 3510 3528 3533 36.25 36.45 33.99 3455 36.10 35.29
Fonterra 30.09 32.50 31.67 31.74 3255 30.98 30.95 31.78 32.77 3345 3219 30.28 32.35 33.36 32.11 32.85 33.14 32.19
Intact casein (%)

Tillamook 23.59 2312 2276 22.36 21.94 21.61 21.75 2142 2118 2057 2029 19.98 19.93 19.82 19.77 19.60 19.46 19.34
Hillmar 2236 2214 2214 21.80 21.35 20.57 20.57 20.21 19.86 19.34 19.03 18.85 18.78 18.67 18.60 18.56 18.54 18.42
Fonterra 22.24 22.06 21.86 21.57 21.39 20.97 20.68 20.64 20.24 19.64 19.33 18.95 18.77 18.59 18.50 18.37 18.24 18.19

57128 sk A Ko 71 10° CFU/g, ot 10° CFU/g)oll @413] ]|
© Aol YEd AR B § 2 A7 97 AHE A5, Hacep 71E00 &2t
WG AV HEEER, B F 57440 299 ofAls @A15] HolAle Aez SRl FA
BHEE 71 5% FFE vAE QAL ofde RIS

3) XY, pH, #=, 8 =¥ Zn

A pH, 2, fee B & 4710 3t R 9ler, o7t Hake e AiA|
25 ARERE 7R AIZ PAES] 24ROl Fe vIAIA] ehee AT S A9
e WA Bau arof oRt A 27t frojd o TASH] thas SRIRHAEE A7
ol AAE a7t Qs B2 AP D).

4) 399 ZLo| £ H}
ER0h ol 2L 2T B L AP

o

L

s 24 9 BUF 2ebel ioRETt A A

b
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Tillamook
—i— Hillmar
—— Fonterra

Number of LAB (log CFU/g)

0 12 14 16 18 20 22 24 26 28 3I0 32 34 36
Aging Duration (week)

2 4 6 81

Fig. 2. Changes in LAB counts during aging. The number of LAB initially ranges from 10 to 10’
levels, showing a decrease over time, and then drastically decreasing all samples to 10 levels
at week 26. Data are shown as mean+SD (n=3). " Asterisks indicate significant differences among
groups at each time point based on one-way ANOVA (p<0.05). LAB, lactic acid bacteria; ANOVA,
analysis of variance.

gof| 7okt -= 7Ho]| 71x5te] 4 ShlT). ERE Alcet 2 A X =2ol= -9 Fn|%t
AE 2R 7] $/4E Zoke SH0E 1] o Eof £ e 0 o] it
7194Z 1l QItk 1% Debaryomyces hanseni}y Yarrowia lipolytica= A|ck AZ9] <4 14
< 71&seal B B4 A 4 QleH12). SRR B AE AIkE Ql8sto] B W, L. casel
9} I. bulgaricusg ANHE FAIENA EefuieFoto] D. hanseii?t S fragiliss B854, A
¥} gro] et et 2okl AAIBCP agar, YM agar AR, Auteet AH st AF) 2
¥}, GHO| B fANF AP Gl gl e Aok SRIFTH13). a9 AgoME B
% &9 AR 8ol o7t SOt 07 2AER] Yo, AR Q] HFH Algol=
/0] QS F= 8%lo] glrka wekghct A7) m=et YRt} thdite] AEaat 22> 7
Foln, 2 g0 ojAk PRt AU THFoR ERIT & Qi

5) SCA(starch casein agar) HiX| &% Zu}

o ViR s HAEA o17] flsto] A8 SCA HiA] 28 AT Fig. 49+ Zo] &4
A B4 FOAE FRIsk7|of wig- Agt=] o], ol AgofA] Fxghoz Aelsigict. SCA BiA|9]
ADT} EAJL B3 EpolE TR AES, Ah FFYCE RS 7 qlow, Tl
7l s SHoke BiXZ Azote] ARSFICt sRA|nt S Ao 44 Aol et g
F7ME T 5 e AP ERI] oFET, S9te® HAWIIE T S Sl ATE A7) ufe-
oFslrtal Fgoto], S AFollA] HET vt QIR A AJAIFAL

Q:
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257

24r *

23}

22}

Tillamook

—#— Hillmar
—— Fonterra

21}

20

Intact Casein (%)

18+

Y54 6 8 10 12 14 16 18 20 22 24 26 28 30 32 34 36
Aging Duration (week)

Fig. 3. Changes in value during aging. The IC value steadily decreases during the aging period
during storage, and it can be seen that the decrease is gentle from the 24th to 26th weeks. The
average of each sample, an average decrease of 15.26% compared to the initial IC value from
the first to the 24th week, and an average decrease of 0.15% until the 36th week. After the 24th
to 26th week, the decline becomes very gentle. Data are shown as mean+SD (n=3). ~ Asterisks
indicate significant differences among groups at each time point based on one-way ANOVA
(p<0.05). IC, intact casein; ANOVA, analysis of variance.

Tikarmook Hillmar Tikamook Hillrar
Tikamook = _ Hillmar T_E'_’_'f“ . " Hll‘hw = = = ll — - 3. - 4 —
L] I \ J
- | " - F N
& . : 1) |
= ae I
Fonterma Fq'm‘,—--— Fonterma Fonterra
= »
. e e
& i . d , —
2 months iater 3 months later 4 months later 5 months later
Tikamook Hillmar Titamook Hilkmar Tllarnook s (e N Tilmook Hillmos
- - -~ - -~ - -~ ~ - - - -
.
- - - —— — e — -, - F Y i ¥ > =
f LS A S
- NN — =
— — ~ onterra
Fomtesra Fonterra - ~ fonen -
- - - —-\
s . .
- e
& months tater 7 months later 8 months later 9 manths later

Fig. 4. Evaluation of the degree of proteolysis during cheese aging using SCA agar. It is difficult to confirm the significant difference according
to the degree of proteolysis during aging through SCA medium, confirmation test results, and aging period, and the limitations of measurement
through qualitative evaluation were also confirmed, so it was decided not to apply to the experimental results. SCA, starch casein agar.
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Table 2. Taxonomic level 6 result

6) NGS(next generation sequencing) ZAt Ziu}

NGSE &83 nBEAS H3K7.570E 548 =9 A2 Y v E F=T o, e #Zo Hls|
LAB7} A& BERE HYS & 4= Stk Sequencing E3l ¥ raw data:= pre-processing
IS AR, Trim galore softwareS AFR3Io] Q30 ©J519] Bl== AASIIEE Greengenes
DBE AR3F 16S9] taxonomy £4] Z3H= confidence cut off 70% ZAC & AAJ5l0], genus
levelollA frequency Top209] chart®} bar plot2 ERItKTable 2, Fig. 5).

2. AME 7tSXIZ2t ME HAE Zat

1) B2 5 471200 ME AME XX & Jis B3t

B3 F SRS F8 28 £, 3, T YARORAD) HAES JAPsiitt. old, 384
phrase® 4J7] F29AME Aeighel 23 et "2 = 65 JFAI0IH, youngE SfnfshH, &'
265 743 Ao, midiume Julstal, "2 365 BIAIOIH, matureZ FREAIUH. AR &
HiRlelA 71 LekAQl ARA 2R ARgShs EH2 AIUE 7IEeE YAlE 71 HIAES I
ST 3657 A7 I B9t AlRE B8t 37l A= HlEs BE 4 $20] foAE BRls
of, YAIE B HAES A% Alme 7P Ao s dad AU 2R ARgshe ZHE AT
22 Aot 2 g GAES THH dRA2E AR ATESAZAT 60% £, 7HA

Taxonomic level 6(TOP20)
confidence = 0.70

g__Lactococcus_A_346120
B g_ Sphingomonas_L_486704
B g _Caulobacter 487784

g__Phascolarctobacterium_A

Percentage

PC (6w)
PC (36w)

Sample

Fig. 5. Taxnomic level 6 bar plot.

Variables Phascolarcto-bacterium Lactococcus Caulobacter Sphingomonas Total
Frequency (%)
PC (6w) 6 32,443.0 0.0 0.0 32,449
PC (36w) 0 14,677 57 210 14,944
Frequency (%)
PC (6w) 0 100.0 0 0.0 100.0
PC (36w) 0 98.2 0.4 1.4 100.0
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Jt5& A REO| B J)zE Hept 2E TRSX|R0| RS FRO| DIXls BY N

Z)olH, SPA ERIgE F8 IAES Bt F S0 FFS = AR Wit 65741} 26,
3657219 daEE MEYscte] dAES AxoIT) 652 MEY Y8 AR SARZ PC6wH
Processed Cheese produced with 6 weeks ripened natural cheese-Z, 265412} 3654 A
EZ7 A48 AR SAIES Z1ZF PC(26w)-Processed Cheese produced with 26 weeks ripened
natural cheese-2} PC(36w)-Processed Cheese produced with 36 weeks ripened natural
cheese-2 HH5}%L}.
Fig. 63} Zo] AIE] o] /o] ek A 2YE, 20| TR thio] wiTIgA] o}
1, 3785 Aoy X155 Zlo] ¥ Q8 ARF Q7 SIS 4 QlQlet o]F s TR =
Algso] tiet WA HIAEES X6l Fig. 73} o] 4% HaX2 ARSA] SAIEY] F7t
v oFsA| AL, LRt Al B B 71 Al F45] Bl FURlE IIT 4 itk Y
%_1101 AR AJEY A== oil oft7h Eotal, 59 Aol A FUAA| gom, F1] fAE
Fosith= ™sH7F A2HFig. 8)8 AA =k Fig. 93} Zo] @nE o= TS SRIgh Ak,
26’1‘;(]' Ao gl 3653} AlEe RFo] FUA|1, 2&o] #UsHA] g2 ERI% & SlYith
H5X 29 IC Fho] WolskE A% 7FAZ R3] dil 39 F3AlY] +3%= T
2 Altote] vt 34 2A5fof gtk 7IEIAE AIjoA E 4= 910l Is/dH A
2 7 ESARFET W AT TR 7EX R ARG E HSsk= A HiRHEsith

2) 4T ¥ M- HAE Zu}

7o 9 Ay gAEL A7 2, F W' FES AR 3Z-PA6w), PC (26w), PC(36w)°.
2 AR YAE 7IeAZE, SekaE 8700 oF 200 g¥ £ FHIZ "ol B4 U JTE HAE
Sttt 84S 38 1Eok] g B9 EhiFQl £AIE Hlwsks FHEEE S, &
A9] =E Yeti= centipoise(cP)Z 7ot A= 4182 A FrE 4ok g
] 89l texture analyzerS ARZSI90H, Yok Mo TUS 4= Y= HLE 07 HAF}
o] 92 At I T MEQ] PCGBow)S TS W, AAE TREA RS et

Fig. 6. A cross-sectional photograph of processed cheese (finished product) using Fonterra cheddar
as raw material. a: PC (6w), b: PC (26w), c: PC (36w).

N )

4

Fig. 7. Oven test result of processed cheese (finished product) using Fonterra cheddar as raw
material. 120C, deck oven. a: PC (6w), b: PC (26w), c: PC (36w).
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Fig. 8. The result of sensory evaluation of the finished processed cheese sample. It was found
that the overall value except for the flavor fell, and it was confirmed that a significant difference
in appearance and viscosity was recognized in particular. Data are expressed as mean+SD (n=30).
A horizontal dashed line indicates the acceptability threshold (6.3 points). Statistical differences
among samples were analyzed using one-way ANOVA followed by Tukey's honestly significant
difference (HSD) post-hoc test (p<0.05). ANOVA, analysis of variance.

Fig. 9. Microscopic cross-sectional photograph of processed cheese (finished product) using
Fonterra cheddar as raw material. a: PC (6w), b: PC (26w), c: PC (36w).

EAHED)L IC 1%T 24 Al
Figs. 10 and 11).

9] NIR 7]8F 2|2 olg}shd E4 &7 | AT 7]19<] GoldPegollAl =33t A% 21tE
Zharstod) [CoF M= 7he] AA 9 ICet AlE A= 71 ABAE 243 A7E xRt
[14](Figs. 12 and 13).

Zk7} OF 5.7%, 4.9% 7tAsk= 70 & BlolsitiTables 3 and 4,

Table 3. Changes in hardness (experiment by aging period)

Variables IC (%) Hardness (g) Reduction rate (%)
PC (6w) 21.86 1,225.30

PC (26w) 18.77 1,127.28 8.00

PC (36w) 18.19 969.46 20.88
Remark On the basis of IC Compared to PC (6w)

IC, intact casein.
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Table 4. Changes in viscosity (experiment by aging period)

Variables IC (%) Viscosity (cP) Reduction rate (%)
PC (6w) 21.86 22,000.0

PC (26w) 18.77 20,460.0 7.00

PC (36w) 18.19 18,004.8 18.16
Remark On the basis of IC Compared to PC (6w)

IC, intact casein; cP, centipoise.
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Fig. 10. Hardness variation among three main cheese samples during aging. PC (36w) has 20.88%
reduction in product properties (hardness) compared to the PC (26w). Data are shown as
mean+SD, n=3. Significant differences were determined by one-way ANOVA; F(2,6)=18.42, p<0.01.
ANOVA, analysis of variance.

3) HSHAE Zn}

W87k WERIRE AR 3F-PC6w), PO26w), PCBow)E EetAE 8710 9F 10 g &
of F4F AER1 74 HIAZT T AlFslylon, £ H|AZlo] Wt 2/3 o} AFH & BeBE
AAEIEE 718 AXE 5% 7|5 A4S 87K FRESHAl gL, a9 A A0 7Y
H3l5k= mouthfeel} flavor, viscosity, appearance©] tigt s v 7S A|6i=d], o5 2
= 9d Fxg grelgichFig. 8).

4) HSHAE Zajo| ME bigH| 23 Znt

oloj e A 2HE T, i 392 24t AIE FEe AP S5l il
QA ADL PEA, 71EE YEE HASKe e Fsidle 24 Alad 33] AAISH
o, 5Pk Table 5914 11 BAghe o gto= ARSI PCGw) A= v, PO2ow) NE<=
TOHAIE ARt AR e, 2 2749] BeAo] ofF A et W PCBow) MEe
FEPARRE ofqE} QPgAIet 71 IRE, A B WAshal, BRAlE AELEt ATUY
S 574 840 MAE Asfof qH{15](Table 5).
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Fig. 11. Viscosity variation among three main cheese samples during aging. PC (36w) has 18.16%
reduction in product properties (viscosity) compared to the PC (6w). Data are shown as mean+SD
(n=3). Significant differences were determined by one-way ANOVA; F(2,6)=176.00, p<0.001.
ANOVA, analysis of variance.
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Fig. 12. Correlation between the physical properties (viscosity) and IC content of processed cheese
(finished products). The influence of IC in processed cheese, Andrew Henderson, GoldPeg.
internation. inc. IC, intact casein.

3. T XI= MZYXO| XIAXIE o HA 4F Y29l s

YREO0= ARGl ARAA29 Byt F /d7I%te] digh Adet AV|E oke WHes, &
A d2d A2 571 7SR dEZ R 384 phaseg A3t 25kl At <4
=S Z4ske U2 REL RDI, FAAL 59 S74H0] 3loL, thefRt HA=e} Azl b
A=E WA ARgshe AxAACIME A= 8ol ofgie jel16]. ERE REL RDI,
FAAT Z70l= F2Q1 ojofobdr|or AlzAAelA HA3kal A @2 247 50 87HER,
FHH o GAE AIYGE 53 A AZARAA A HA H&317] ofzie A4loltt. o]
Az F 75717 1/3A132 ‘young', ZL F 2/3A132 ‘midium’, 3/3A13& ‘mature’ 255}
o &4 A=E LEA R AL A= Al FAolth ARA3] o] YEH &2 ARA=E Ha=
ARgRtel ot EEsjel e At A, o weh AAIER] TRsAIZS 24 2AS duEA
H3l7] ot A FAolKTable 6).
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Fig. 13. Correlation between the physical properties (firmness, fracture stress) and IC content of
processed cheese finished products. The influence of IC in processed cheese, Andrew Henderson,
GoldPeg. internation.inc. IC, intact casein.

Table 5. Correction ratio of major ingredients (experiment by mature poeriod, fonterra cheese as
raw material)

Variables E-salt (%) Stabilizer (%) Milk protein Water
PC (6w) -0.05—0.1 N/A N/A N/A
PC (26w) -0.15—0.2 -0.02—0.03 Add below 1%  Reduce 0.7% or more
PC (36w) -0.2—0.25 -0.03—0.04 Add below 1%  Reduce 1.2% or more
Remark  On the basis of IC Option Option

IC, intact casein.

Table 6. Proteolytic ripening indices

Variables Formula
N Lo ‘N
REI, ripening extension index REI = ng %100
. . TCASN
RDI, ripening depth index RDI = CT; 100
. L PTASN
FAAI, free amino acid index FAAI = S %100

WSN, water soluble nitrogen; TN, nitrogen; TCASN, trichloroacetic acid soluble nitrogen; PTASN,
phosphotungstic acid soluble nitrogen.

ER=

7REAZ AlE A A= AAR 20 &4 dAIE TS| fside derE
Sk e Wio] 85l Ak NIR 4] 52 E-8oP ICHEE Bl HdsHA =2 +
ot = iR 71—LX]7\ Az o] 24 ZHlE Haotal YA gdot S48k B7F %
HAE FE Al ofEEE AL Qe %WOIE}

£ d7ollMe fakt otk ICEE 219] ol Ql A Elsiglen, ofg §9l 24 A2 A
oA Efr Zult lzEte]] BAQle] ikt & SHE VRe R Bt F 54 Ve dEjEe=
AR 5 e 1S ANBHT 9], A 57 10° CFU/g ofetz #4sly] A7x)9] B
Zbo] H=g AR =] A ARG AU AR, S| 7R A= AR AAIAE ] 7152 vt
Fo= i A|=o] B Vg AAH R Aefeto s AlE FH0 20t 7T Ao wd
ok

FF- AolE AAA=S <4 717 T TARkE nESH 54 Welet theol, AlE A

¢
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I A== A8 vPEER, T80l Uit 5)2 S 3P0l diet A B4 AT el
. olg E9l B wihtE S8 HEY P AX, Ve TtaA TR A2 B A=
Ak AREAE 887t 715 RoF A= 59l AlE e R Bk 2Vt e 712 ARE
SEslalAl Pt S| 7REAI 2 TR ARIAI 2] A|gH FHIE frAlehH 2=elel V1=
FHZ AREHER, /0] BE vz Hoks AF AlSe] 2243 /440 9F= Et ol wet,
2 A7 SR WE foH, A=A, A 5ol B Astel e, At @A
=4 E20 9 B4 A FEE R AdE ZAE ATdoEA, 21 TRAIE Al E4
am=glo] 7ofd & Z Aoz 7
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