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Abstract

This study examined three strains of lactic acid bacteria (LAB) collected from the first
cheese ripening room in Imsil, Jeollabuk-do, South Korea. The identified strains included
Lactococcus lactis subsp. lactis, L. lactis subsp. cremoris, and Streptococcus thermophiles,
which are commonly used as cheese starters. Cheddar cheese containing the three strains
was prepared to determine the change in quality during ripening. During ripening, no
significant differences in pH, LAB, and chemical composition were observed but non-
protein nitrogen and non-casein nitrogen levels were higher than the control. Free amino
acids analysis revealed higher leucine and valine levels. Electronic-nose indicated that
2-propanol, 1-propanol, and hexane levels were higher in the control. The AHS, NMS, ANS,
and PKS were found to be higher in the control using electronic-tongue. The three starters
were not discernable in the sensory test. The selected strains can therefore be applied in
the field after research into augmenting LAB vitality and can be used as cheese starters that
are unique to Imsil.
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gto] 748t Rl oA Tkt WEE Ea 9l Ao 32%oln FE Lehule st gy,
AAHL(Annato, 4t 5)E B8] AEAtke ehi| sk SloleAlrkz Esiel AzslE
st} Eak ke 2|25} g2 Az 50 Ar(cheddaring 2HE WHRTH3] 2 Apolis

0

o]

A= g0 AR, A A7EElel ARt vt 22 A=E= s/dAdA oF 60| Aol
B SRS EUetA A ARSSIHE s/ mElag FHAATIES S S

FAAIE BAsl] 225 BAI8IA, AFIee fikte 37C, 30CE Higsto] Ago] 94
3t 452 Adsie] 2HBIE EUIRE SANES AEslo] 16s rRNAR G714 9GS B4 As1%
o

FAECE d2A o719 HAktE FAKE AEFEE ARt W71 3 2F 10% T AR
&3 6719 fANE 25 124171 pHiE 4.6-4.7 Afe]2 HojRom, 244 = 0.8%0.9%,
At S 1010991 21 SIS 3= QISITh 0] F St AEFE|R Ho] AREE I 352 Adieto]
ARz ol gsle HegtrzMe] Fd E4< Lotk syl

=z 2 UH

1. HCIRIZ ®|E

AGA 2 Axe AAAZBAZAFLNA A2, ARE i YA 2 AR5
FolA dste] ARESIGITE. AR FAREABIE = AR 100 kg 71eo= AAA 5 TR 10
UGB go& A7)l R703((actococcus lactis subsp. Lactis, L. lactis subsp. cremoris,
Streptococcus thermophiles, Chr-Hansen, Denmark)S 3 ¢& 37olo] qi215 A|X191,
AT 545 A 32(L. Jactis subsp. lactiSLL), L. lactis subsp. cremori{LC), and
S thermophilesST)= Z¥2t 1 g¥¥} R703E 3 g= F7H & ¢ 7lelo] ARE|QIt) ol= 52
| AEFF0] B9 A A}, AR1E o] vls) 79 FHEIt QAT FAE S 101
oAt AEFF(FAE 4= 10°-10'0)2 Yol 2= &4J0] & 0]F0jz|7] gfo} HEgFa ARSS)
1A stglom Alx e At 2= 1-29 AR & I324E o 47187 S48 Xkt

Ak

2. pH ¥ M =9

pHE= g At (28 2:19 vl&E #45to] pH meter(Orion star 211A, Thermo
Fisher Scientific, USA)E o}-8sto] 27§ €utct S4o3itt. fAkda+= pHeF 523 BHo = +f
AE AEES 1 mL Foto] 3|43t & fAkt AZxEE] 34 1 mLE B350 35T of|A 2448

ARt Bigstel mRbE UE= colonyE A5

A
=T

4 o

e

3. QEtgE B Y HYUE S

2X717rE AekR 2] gk UFJEL Petri disho] A= 30 g2 ZA HIEG] & 2 &
FoodScan™?2(FoodScan™2Dariy, FOSS, Denmark)® Fat, Protein, Moisture, Salt, Total
solido] digt B4 AABIRT. A4 = HA5HE AR 9 ¢of 559 SH-E VIR & 1%
HEgH<l 0.5 mLE AH7kekl 0.1N NaOHZE AAste] #840] 302 §A1 wfo] AHFe

=gs)sc:

A
0
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Satatal #4sH F 5T, 3,000% gollA 3087 FAE=)(Combi R515, Hanil Science Industrial,
Korea)slo] 559 A AAstL F2 A2 oFfsio] AREsEYITE. NPN(nonprotein
nitrogen) 2382 o1} 2.5 mLo| reagent A(12% trichloroacetic acid) 5 mLe} $&7% 0.5
mLE Egste] AR004 2087t WA[skL ofxfsie] 2.5 mLE Foith o o7l 2.5 mLo
reagent B(EH4* 500 mL, Sodium carbonate 75 g, sodium hexametaphosphate 10 g) 5
mL%} reagent C(Phenol reagent 50 mL, 555 100 mL) 1.5 mLE A=HHE &8sto] 30T
212 (HQ-DW22, CORETECH, Korea)ollA 30487t #4151t NCN(noncasein nitrogen)
2 919 oz 2.5 mLol| 1M acetate buffer(pH 4.6) 2.5 mLE 7I510] 37C F2530)A 202
7+ W8t F, ofzboto] NPNIF 2-2 Hi o2 dhAAT),

o] 1t 3 NPN 640 nm NCN< 570 nmOllA] spectrophoto meter(Libra S22, Biochrom,
UK)E AM831] FB=E 34312, ol I tyrosines EEEEE sto] 23 &5
Aot gk ek A4 Aol A AkksiSitt

5. feloH|ieit B

FEloh=Ar B2 471 sAE AZE o)At AS-E4171(LA808O, Hitachi, Japan)Z &
A5t BXZRACE AYL custom ion-exchange resin(4.6 mmx60 mm, Hitachi)E ARE-
Sl 2= 57CE 2851t o]sAe 2= Buffer for high speed amino acid analyzer
ph set @ Ninhydrin coloring solution kit7} AR, FUFHE 20 pL, ST 570 nm,
440 nm% 2™ Post ninhydrin reactiong Y3t &&= 135C AL

6. MXIZ M

4719 /95 AR 29 g Ajo] vwE 9ol MAE(HERACLES-1I, Alpah MOS, France)&
ol €st9 o™, MTX-5(10 mx0.18 mmx0.40 gm), MXT-1701(10 mx0.18 mmx0.40 xm)
column ¥ flame ionization detector® #4& A5t 3 3F7] JES headspace
extractiondto] EH51L}. Kovats index librarye 7|HEC 2 Sl= AroChemBase(Alpha MOS,
Alpah MOS)9] 88,0009 719] 2RtE AEE B AMEoM HAEE ZF 427 veilie 482
Z2A51900mM, 33] BAANE FAB B4 (principal component analysis, PCA)°] AF83151tt.
SAEALS Alpha MOSOIA Algs AT EL] Alpha soft(Version 14.2, Alpah MOS)E 4=
Act.

7. TXis{ 4

AFA 29 5E A5 (Astree, Alpah MOS)E AutosamplerE ©]-8sto] B4t 7 A&
25 mLE 120% &< E43 & AHSE AlGE CTSE= At ANSE £4F PKS= ©gh NMS= 242
k& ZHAskL, CPSe} SCS+= standard2A] ARE|QITE. 7709] 9t AllAl= AlA ZHSIe] whet 4]
AR}l gk A5t al, BAEAS Alpha MOSOA Ala-E AZEo] Alpha soft(Version 14.2,
Alpah MOSE 353t 7+ Alae= 53] §HE: S50, Al 3t 714] FH(Taster Value,
127 Hm)o g Wkl

8. BsZAt

A2 0] PEAAE QAAZBEATA A7 o 108 o Ao dhiet AAE
AN W AP 08 Awyos Aaslel (17 S A, 97 "S- 1= Blet
Ak W7} 44 ol Mgl 2A3 Bv) WA AT ojs) Ao,
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9. A

E A8lof|A oA Aol EAAE]E SAS Program(SAS, USA)S o835t ANOVA E41519
om, Z+ Al 7 Ale]9] FoAL p<0.05 4=50llA] Fisher's least significant difference tests
ot Attt AAEE Alpha MOSOIA AlsE AZES o] Alpha soft(Version 14.2,
Alpah MOS, Toulouse, France)2 $=353l1l, 7+ Alg= 53] ¥HE Z7gsto] AlAgks gt 714
ZH(Taster Value, 1273 Fx)o g HIlsIch

pH ¥ f4kt 780 gt Z3k= Table 13+ 2t &4 717 B8 Ak =0 gk dix72f
A71+9] pHY Bigk= 5.2-5.3% F94 Ajo7} gls A2 Uehsal, A 2&4 7|7to] gt
we} pH7} oA ASSt= Hal(McSweeney & Fox, 1997)2F QA5HTHY]. SAMISE =Tt
ME 9.1x107 cfu/gollA &4 4HYE & 7.8x10° cfu/gZ H7MH= 1.7x10° cfu/gollA
4.4x10° cfu/g2 YEREOH, & ME 719] (o3 Xjo|7} gl Ao2 UERTh o= Lee &
Nam(1996)2 &4 27] AL Yol ZE351= lactose Eafol 2]t lactic acid®] Aoz Q15
pH7} 2K 744gH & pHE| 450l Yoju=t| ol Thld Eojjel frvjol o) wE Ak5olzt

2. UEHgE BM U HYMT £y
QiR U YT Wslol thet Zoke Table 29F PSIT FEL ERTOIAE S42]
3687 g1 44 HY 5 3632 g2 WASHE 2 B 5 U, BITE 44271 36.13 A

Table 1. Change in pH and LAB of the ripening period of the Cheddar cheese added starter

Componert Control" Treatment
0 M 2 M 4 M 0 M 2 M 4 M
pH 5.282+0.668° 5.312+0.807° 5.340+0.92° 5.240+0.668° 5.286+0.807° 5.326+0.92?
LAB 9.1x10’ 9.4x107 7.8x108 1.7x108 2.2x108 4.4x10°

Means with the same superscripts in each row are not significantly different (p<0.05).
Y Control (R703), treatment (LL+LC+ST+R703).
LAB, lactic acid bacteria; LL, Lactococcus lactis subsp. lactis; LC, Lactococcus lactis subsp. cremoris; ST, Streptococcus thermophiles.

Table 2. Chemical composition depends on the ripening period of the Cheddar cheese added starter

Component Control" Treatment
0M 2 M 4 M 0M 2 M 4 M
TA (%(wiw)) 0.64+0.02° 0.631+0.0122 0.602+0.033° 0.642+0.02% 0.634+0.012° 0.609+0.033°
Moisture (g/100 g) 36.867+0.578° 36.528+0.412° 36.319+0.635° 36.127+0.578° 35.964+0.412° 35.728+0.635°
Fat (g/100 g) 34.984+0.314° 34.408+0.961° 36.02+0.672° 34.591+0.314° 34.352+0.961° 35.816+0.672°
Protein (g/100 g) 24.342+0.32° 24.27+0.455° 25.502+0.97° 24.398+0.32° 23.256+0.455° 24.460+0.97°
Salt (%) 1.362+0.187 1.24+0.068° 1.12+0.589° 1.1+0.18° 0.956+0.068" 1.2+0.589°
Total soild (%) 63.179+0.475° 63.368+0.361° 63.925+0.526% 63.965+0.475% 64.012+0.361° 64.803+0.526%

Means with the same superscripts in each row are not significantly different (p<0.05).

" Control (R703), Treatment (LL+LC+ST+R703).
TA, Titratable aicdity; LL, Lactococcus lactis subsp. lactis; LC, Lactococcus lactis subsp. cremoris; ST, Streptococcus thermophiles.
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S N8 F 35.73 g2 UER T AE 21 {94 Aol gl AL veihth ARk o
2> J S4127] AM] A9 34.98 g0l 36.02 g, THEO] AL 24.34 g0l 25.50 g©
2 WS, 7oA S427] A2 34.59 goflA] 35.82 g2 Tl 24 40 gollA
24.46 g9 & FAdk= S & = UIAN 794 Aol= gl AR ety gue 74 (=24
2 zJol7} Q9T ST FEO] AL 2] A £4827] 63.18%01A 63.93%2 276t A
M= 63.97%C14 64.80%F F7FH= A3 R oL 2§97 Xol= gt FgAEE &
Az7] 2= 0.64%014 0.60%Z 7= 0.64%14 0.61%2 AAdh= FFS BAEY] o]
£ Park et al.2006)°] AH=9] F7k= Akt HES FARFS] dIARERZA] il G714 E of]
LeAto] /=T ofFo] A JFS T FANF ASAEeIL BAIsHTHe].

3. NPN, NCNe| H3} =X

SA71708 SAIY F ol Bejro] tigt 23k Fig. 13 2k $471710) whE o
E3=E 93] NPN, NCN2| ¥35}E 243519}, thx7-2] NPN & 0.61 pg/golA 0.7 pg/g
B 7N 0.44 pg/golA 0.61 pg/ge)al, NCN THES tizL 1,588.95 ug/golAl 1,692.05
pg/e® A7 A9 1,477.20 png/eolA 1,611.78 pg/e2 <73717 B9t S716k= A3k 29
o} &Ao] HMPEEA 2ol A EA2RE-S B2 Casein®] EokME] 95t Aoz AlZEH,
54 & A2 iRl A4sRhEo] fAkt AEFE ] o8] AAE R aaet A5 A
ZRgo] oJ3f) AAJE]7| mEolgk= Galan et al.[7]19] 972} YAI5IFTE Rank et al.[8]2] AFLollA]
AASRIEL tiFEo] @Yol 9Jsf AAE|o] = &A4o] B4E J7/RITL Histe] NPNI}
NCN = 7P A2 SAT o A8/ 2 & 922 AARH v Qlck

4. [Ejoo] it M

SelotuliAlo] ofet AR Fig, 29} 20} 2Tl methionine 2.74 nmol/mgO.2 2%
H3lal F71FolAE 0.43 nmol/mgE &=t ESE leucine® S HiRTFolA 22.61
nmol/mg, A7ILolA 4.45 nmol/mglE Ugto™, valine= t&F 10.07 nmol/mg, A7HE
1.65 nmol/mge= VRt HAHoR a7l thd =2 FhE Helou fojd Aol= gle A2
2 Horh AR Fulo] JFE F= 9 oA EE cysteine, methionine, valine,

15

NPN NCN
2000
1800
1600 *
1400 -
1200
1000
800
a
_— 600
0.5
A 400
200
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oM

M am oM M aM

—o-—Control  —A—Treatment == Control ~dr=Treatment

Fig. 1. Change in NPN, NCN depending on the ripening period of the Cheddar cheese added starter. @—@ Control (R703), A—A
Treatment (LL+LC+ST+R703). NPN, nonprotein nitrogen; NCN, noncasein nitrogen; LL, Lactococcus lactis subsp. lactis; LC, Lactococcus
lactis subsp. cremoris; ST, Streptococcus thermophiles.
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Fig. 2. Free amino acids depending on the ripening period of Cheddar cheese added starter. l—M
Control (R703), ®—M Treatment (LL+LC+ST+R703). Mean+SD. All values were not significant
at p<0.05. LL, Lactococcus lactis subsp. lactis; LC, Lactococcus lactis subsp. cremoris; ST,
Streptococcus thermophiles.

phenylalanine, tyrosine, tryptophan 2 leucine®& & A3oAE -2 ofnjirilo] 24%H A
E 4 QAtH9,10]. £3] ofu]iAt F leucine, isoleucine, valine §°] A= E7-9] &
WeH10,11]. thET, H7HH0llA leucine, valine §°] ¥ #h& EUl Wt obv|ieAte] =9 A4
Eo& Q| X=9] Fu|7t Mty AlgHrt, B AFoAE leucine, valine 5 HRT77F
A7htol| BlshA tha =2 k2 Bou 2 Aol §ls AR Helow 7]E A4 d5f Hx
#OE AR 7T ZA0E AR Th

5.

A

X2

/39 Ackx| 2ol tigt HAkE B0 gt 187H9] peak areagtd} AV A= 3t 3= Table
33 2 ZF A=l tiet 3] HjEl Fig. 33 2t ti2tet H7olA Atides =2 42
UeE &2 Aolglal A7reld =2 32 YR A=-2 Ethanol, Pentane, Limonen,
P-CymeneZ It tixoA &2 3k UeRl 482 2-propanol, 1-propanol, Hexane,
But-(E)-2-enal, 2-ethyl furan, 2-methylpropanoic acid, Butane-2,3-dione, Formic acid,
3-pentanol, CyclohexanoneZ &RIF|%Jt}t. £3] Butane-2,3-dione2 tEFoA T UERE=
9|, o] Butter, Caramelized, Fruity 59 & E4& UehY §97 Xjo|E &lgt 4= ek
FAEEA(PCAYS Bl 18719 =8 3/ 3] A=t 1o thet 24 Al59) 7] #E PCA
Discrimination Index 972 27§ Al&9] 37| mjgo] -2 Alg 7F BXeE 7P & Aoh=
PC19] A& 97.5% PC29] ABEEL 1.9%2 PC19] o] uf¢ o} o]F 7]Foz 27
A&7} R 3F Aot Us A& 7R iAo R =2 S Uels 17.49(MXT-5)
9] 47l(Table 39] 3, 9, 10, 18) F71 & =79 & AW AY= 18.96(MXT-5)%] 127}
(Table 49] 4, 5, 6, 7, 8, 11, 12, 13, 14, 15, 16, 17) 7] & WEOZ Algdct. HAAZE
o|-gsto] thokeh A 29| 37| B4 AFE YR EAA T2 FI0 BREIE 2= AR
T B2 Ave Aoz dEA lo, ti27et H7oA = sigtls J9o] §lol ABREE <l
gt o= Zol7t = AR AFREITHI2I

HI
1z
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Table 3. Comparison of aromatic compounds of the ripening period of the Cheddar cheese added starter by E-nose

7

No. NIXT5 RT NIXT-1701 Control Treatment Compounds Sensory description

1 17.49 1,034+883% 3,097+1,650 Ethanol Alcoholic, ethanol, sweet

2 18.69 1,037+664 543+192 2-Propanol Alcoholic, etheral

3 19.82 - 147471 Pentane Alkane

4 21.49 190+212 767465 1-Propanol Alcoholic, fruity, musty, pungent
5 23.86 1,096+1,055 2824179 Hexane Alkane, etheral, kerosene

6 28.56 360874 296+100 But-(E)-2-enal Floral, green, plastic

7 32.87 3254297 195459 2-Ethyl furan Acidic, chemical, rubber, sweet
8 42.27 2524267 791448 2-Methylpropanoic acid Acidic, butter, cheese, fatty, rancid
9 79.35 - 1494205 2,450+422 Limonene Citrus, fruity, orange, minty
10 19.31 2,306+859 3,707+1,963 Ethanol Alcoholic, ethanol, sweet

1 20.87 9744197 519+373 Hexane Alkane, etheral, kerosene

12 25.76 167+109 390448 1-Propanol Alcoholic, musty, fruity, pungent
13 28.61 464+148 - Butane-2,3-dione Butter, caramelized, creamy, fruity
14 32.88 294195 53560 2-Ethyl furan Acidic, sweet, chemical, rubber
15 38.04 768877 5861194 Formic acid Acidic

16 39.67 6071830 547+238 3-Pentanol Fruity, green

17 65.64 261485 T71£147 Cyclohexanone Minty

18 76.17 439£71 744135 P-Cymene Balsamic, ltns, fuity, lemon,

herbaceous, spicy

) RT, retention time (sec).
2 Mean+SD.

36 | J Dairy Sci Biotechnol Vol. 43, No. 1

10000 0 10000 20000
PC1-9742%

Fig. 3. Principal component analysis of the ripening period of the Cheddar cheese added starter
using E-nose. Cheese A (treatment, LL+LC+ST+R703), Cheese B (control, R703). LL, Lactococcus
lactis subsp. lactis; LC, Lactococcus lactis subsp. cremoris; ST, Streptococcus thermophiles.

6. Ak 24

S35 A=) tigt AR E ol 8ato] 2H AAZES 9t 7HA] ZHTaster Value, 1278 3
L))oz Hslsle] UeRH ke Fig. 49} it} 2o 7|ofdh= CTSE R, A7 6.0°02 89

https://www.ejmsb.org



U SYS20M 22lE dFE 0188 MHAE YN

[

° u Control Treatment
o -
6 F I
e E L i z
v °
GEREI
v 3t
=
l n
0
AHS PKS CTS NMS CPS ANS SCS

Sensor Contents

Fig. 4. Taste intensity of Cheddar cheese added starter using an electronic tongue. Ill— Control
(R703), M—M Treatment (LL+LC+ST+R703). MeanSD. All values were not significant at p<0.05.
LL, Lactococcus lactis subsp. lactis; LC, Lactococcus lactis subsp. cremoris; ST, Streptococcus
thermophiles.

A Aol7t itk A1l #ofshe AHS AlMelA ti2t7F 6.4 77 5.6, Bk HiHEske
PKS AMolAte 2771 6.4 7171 5,608 Aoz ti27h &2 ¢k Ueit 4d%he
HH#EkE NMSe ti2+ 6.7 A7 5.3, &5t] #ofsie ANSeAE diz77t 6.7 7HlA=
5.30% ¥ g2 yehdll et ol izt A7ED o E5et ShE HERinial AR E 9l

7. #sEA 24

Ak 2ol et WAt AIR= Table 49 2t A 2ol digt ok H7lpet iz 25
8152 T2 3t B, MR ti2+ 8.05 71 8.128 Uyt 2ARRS ti=+ 8.43, H7t
T 8.172 A Ful= 2T 8.88, A7 8.21% YR/} thA &2 32 Bt o) At
AR 7|50 E et M7 folA Aoz gls AR Uehtar, 22} A2 Fu]
oils iRt 7R oA w2 3 BT ol fEjolulAlt MAlE, HAkE] At
A AARE AR S et 2|20 2A3t Fulof] YIS viAe= AR Ut

Table 4. Sensory acceptability of the ripening period of the Cheddar cheese added starter

Composition ) Sample %

Control Treatment
Appearance 8.15+0.46° 8.15+0.38°
Color 8.05+0.36° 8.12+0.55°
Texture 8.43£0.41° 8.170.54°
Cheese flavor 8.88+0.82° 8.21+0.97°
Overall acceptance 8.35+0.45° 8.28+0.61°

Means with the same superscripts in each row are not significantly different (p<0.05).
" Control (R703), ? treatment (LL+LC+ST+R703).
LL, Lactococcus lactis subsp. lactis; LC, Lactococcus lactis subsp. cremoris; ST, Streptococcus thermophiles.
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