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Effects of non-starter lactic acid bacteria A-3 and D-3 on the ripening of
semi-hard goat cheese
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ABSTRACT: Objective To obtain a non-starter lactic acid bacteria (NSLAB) that accelerates the ripening of
semi-hard goat cheese. Methods Two excellent NSLAB strains from goat cheese in the Mediterranean region were
isolated from the previous study, and their effects on the components, microbial flora, protein hydrolysis and texture
of the cheese during ripening were determined. Results The addition of NSLAB strain had no significant effect on
the cheese composition. The NSLAB strain did not affect the growth of Lactococcus, and the pH 4.6-SN and 12%
TCA-SN gradually increased during cheese ripening. The addition of NSLAB cheese had significantly increased the
pH 4.6-SN and 12% TCA-SN content after 30 days of ripening. The increase of 5% PTASN/TN was mainly due to
the action of peptidase in lactic acid bacteria. The results of SDS-PAGE electrophoresis showed that the content of

BHETH: ERARBEILEETH (31571850, 31771988). WA /REA H A A H (2014RFXXJ026) . S Jp 7T STl T8 hn 1% R 25 B
(FH-YF20170620)

Fund: Supported by the Natural Science Foundation of China (31571850, 31771988), Harbin Excellent Subject Leader Project, China
(2014RFXXJ026), and Processed Cheese Development Program of Heilongjiang Feihe Dairy Co. Ltd. (FH-YF20170620)

HEIAEE: K22, B, LA, FETET A FL A A YR . E-mail: zhanglw@hit.edu.cn

*Corresponding author: ZHANG Lan-Wei, Professor, Department of Food Science and Engineering, Harbin Institute of Technology, Harbin
150000, China. E-mail: zhanglw@hit.edu.cn



oM

w0, A5 R R FLRR I A-3 1 D-3 Kb B i L 2 45T R A S 2643

small molecule polypeptide in cheese added with NSLAB strain was significantly higher than that of the control

cheese. RP-HPLC analysis showed that the amount of peptide in the water soluble of the cheese increased with the

ripening time. The addition of NSLAB strain A-3 did not change the hardness of the cheese and increased the

elasticity of the cheese. Conclusion Adding strain A-3 as a cheese sample of NSLAB has high microbial autolysis

rate, strong proteolysis degree, good texture performance and potential for accelerating cheese ripening. It is an

excellent NSLAB for industrial production of goat cheese.

KEY WORDS: non-starter lactic acid bacteria; accelerate cheese ripening; cheese microorganisms; proteolysis;

cheese texture
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A S HE Y NSLAB B bk S B ET R HA U R &
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paracasei) 43 B H V9 YL A Ibores T W& FE &b B KR
D-3(Lactobacillus paracasei)s> & H 7wl Batzos T-BEFE 5,
FHJC i v B8 5T % R BN TASOCELIR 2Lk 14 LA A,
Lactococcus lactis subsp. FERAFKFEFLER WA Lactococcus
lactis subsp. lactis).
2.1.2 K Al

T R IR AN (s 4, K Sigma-Aldrich 2 F]);
SRR BE(or b4, S£E Ameresco A H]); /NS
BEF(E MK, FHESwhEYARA ), ZIEHPLC X,
FE TEMIA W), ZHiriE G250(Hra, £
Sigma-Aldrich 23 H]); 264k SYTO9 il PI(ZrHr4t, 561
Sigma-Aldrich 23 #]); bR 3.3~20 kDa(sr#r4li, Ki%
FEYAT;, FAASERK, WILEABATAHRA
Al ), AL UE (43 Hral, 36 Sigma-Aldrich 24 ] );
TEMED(/r#r4li, 35[E Sigma-Aldrich 23 w]); 1120304 [
MU ELA O
2.1.3 EHERA
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[EibEEE Y e
22 NEFEE

AG PB-10 pH AR FIHNAR RGEAH R A F];
A HTREAE; A6 TR RN TA-XT2i B Hr i @
Stable Micro Symtems 2\ 7]); LEZCA DMZ3000B %<5 it i3
BE(f8E LEICA /A w]); DHP-9272 e iR 85 J- 46 ( il —
TERF A PR E); LDZX-40AT 25 5 K @4 (it /e Ry
B ); Universal Hood 11 % AR 1Y (38 [E Bio-Rad A F]);
Angeil 1100 FRCRAR G5 (35 H 2R /A #]); KDN-0SA
FLIE A (i AR & T ).
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Fi2 B8 Zeng > A 2 B 5 1L 2405 I A0 5 322, TR
— 5 AS [R) 20 590 e 790 4 A 25 A 7 20 5 5 L 2 4% 1 1 7
1B, RN 2 A~ TEREWELZWRE: SEy-aug
SERARE 63 °C, 30 min—&H & 32~33 °CoUsA B
F—>PRIR TN CaCl,—¥s N FLHE—32~33 °CH B B
60 min—YI A 1 cmx1 ecmx1 cm BB —-TFHE 35 C—F
25 min—HEBE — B0 FLIE I A SF IR 0 B 3 )
(50 °C)—Fit ¥ 5 min—HEH LB M E PR G W -2 BE
P 2 h(1.5 kg/lem?)—> B 2454k, 78 13 °CF k. HAr, CK
AN A TR 1.5%; A-3 41 IINKEER 1.3%+H Rk
A-3,0.2%; D-3 41: Wk B 1.3%+ @bk D-3, 0.2%.
2.4 TFERLBRAR 57 5

FREFES P E A RSB Simeonni 25285k, T
PR EE R IR I S B I A 2 I8 Madejsk 225k, TESHE
mi T NaCl & B (I E 2 18 Okuno Z58B05 3k . T IHskE AL
KAy S BRI E S M Alexandraki B3k, B pH Bl E
FEB R Kenny &35

2.5 FERHMEMS

TETFEE 1, 7, 15, 30, 45 F160 d i, 435I EUCR:
AT T . 218 Bunthof B3 5Y dh i AR T4k
AT TP E Y R BB ik . SR L13152 LIVE/DEAD
Bac Light Bacterial Viability Kits j37] €487 T B8 i 72
PR B . B Gomez ZBYAY T, LI e
YR I T ESEEA FEH, 31 °CEFR)R, TE Tt

BN MOLHOAI I, BB IO, S
@I N IETH o

2.6 TEEREHRKE

ETRRI 1, 7. 15, 30, 45 F0 60 d i, 20 HIHUEE
PEAT 8 11 TR A AR E S0 AT o pH 4.6-SN Y E 2 I8 Lourdes
S gy, Db TR R R R E (%) RN
12%TCA-SN/ TN jlll % 2 B8 Lourdes 22003k, DS T
T A = B E (%) TR o 5%PTA-SN/TN Il 52 2
Bartowska 0S5 3k, A& T B AR Y E 2 50(%) %
N TR SR Jin P ik db TR AL EE, SRS A
Tricine-SDS- PAGE HiL k5 £ [m] 41 531 T~ B A i ol 2 9 i)

R F T2 J B /N o

BT SKLL Laoww) L BRR S, & T B K
EBOR, WHEE)S T 4 °C&MET 12000 g &0 20 min, 3R
BIPW, BRENENZ, FIEACK KA 1E, FH 045 pm
TEME I g, AhPRJE AOFE B S I Delgado 2PN ik kAT
JoR 2 A E
2.7 FEEBRAGEINE

BUSZA 1, 15, 30, 45 F1 60 d AYTRERES: T3 IR
& 30 min, XG5S M Campagnollo Z5P%75 B 47 5 b 1) 1
437 (texture profile analysis, TPA), & T BAE i O RE B |
PMERIEE R, AT T IR A B R
2.8 HIELESSIT o

K FISPSS16.0%F 5 3 $i 4 AT AL ¥R, 2 8 LR A
Ducanik, P<0.05Hf, F/mdlf 5 B3, P>0.058), £n
M ERARE . BdERHOrigin 8.03 4R

3 HER5HH

3.1 TFERBERR S 5

ST EEFES KA i . ARG IRl
Eh I K p HAFH 7 MR f) > Bf BT 35 b S Rl 000, 1
P AT ARG LK 4y BT L BRI . R AIpHIE, 5CK
MM, TEAB BN . EORAKS TR EHER
(P>0.05), SEEGZH T & pHAE X T CK41(P<0.05).

3.2 FERRFAHAEIERT L
321 FE P MAEMIH ST

MR8 T B HIE L R PR AT IR, W T B A 70 R
RBEFIFIR R ARE . T RERIVERT B, &I s bR 3L
o LR DL S HAE R B, LR 37
R B BREE, B RIR TR TSRS F Ik A A NSLAB,
AT IR b3 B T B W I, FRs B K, A fe
N ERR, (U B B, DA TN T R A . A ST
rh {2 9 & B 5 D P10 v B T T IR KR I8 57 TAS0,
A& FLIR LR FLIE WAl Lactococcus lactis subsp. FIFLIR
HIEREFLFBRW AN Lactococcus lactis subsp. lactis . SIS
JNPNSLABE AR A-3FID-3 -} Lactobacillus paracasei.

T EE AR LR A FLAT T I EaE S an &l 1 R .
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Table 1 Composition of 1 d old cheese manufactured (n=3)

25 K53 1% A /(%TS) NaCl/(%TS) BN (%TS) pH
CK 41 48.86=0.17 45.67+0.59 2.90+0.11 39.61+0.41 5.23+0.04
A-3 4 48.61£0.50 45.49+0.49 2.92+0.17 39.51+0.81 5.14+0.04
D-3 41 48.60+0.28 45.90+0.45 2.92+0.11 39.7240.66 5.16+0.04
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Fig.l1 Viable cell counts of bacteria during cheese ripening (n=3)

A1 d ) CK 4. D-3 401 A-3 40Tk i LBk i
BOE 23510 9.10£0.00, 8.96+0.06 1 9.07+0.05 log CFU/g,
CK 20 A5 30 20 7L BR TR 7% B = 18] A W 1 22 57(P>0.05);
TET RS 7 d FFLERTEEEAL, CK 41, D-3 ZHF01 A-3 20
4314 8.56+0.11, 8.56+0.16 1 8.49 +0.05 log CFU/g, CK
2 RS20 20 BR TR T BB DA B I 22 5 (P>0.05); TE R
B 15 d B, FLERAEH R R, CK 41, D-3 411 A-3 411
BBk 7.40£0.06, 7.08+0.06 Fil 6.93+0.14 log CFU/g,
CK 4 % & T 5216 41 (P<0.05), 523 41 I\ %A 2 5
(P>0.05); 7ETF &AL 30 d B, CK 4. D-3 411 A-3 403
BREEN 54 6.90+£0.04 .6.54+0.04 1 6.39+0.10 log CFU/g,
CK 4 & & T S 16 41 (P<0.05), SZ 340 I\ %A 2 5
(P>0.05); FETME A 45 d i, CK 41, D-3 411 A-3 417
BREEUT 3 6.5040.07 .6.32+0.07 1 6.18+0.03 log CFU/g,
A-3 41 B T H AL PI41(P<0.05), SLIRAFI D-3 4>
] A 22 51)(P>0.05); 1ETHEAE 60 d I, CK 20, D-3 4
A3 HFLBREECE 22 6.2240.03, 6.16+0.06 Al

5.99+0.01 log CFU/g, A-3 4150 & 2 kT H At 5 41
(P<0.05), SZEX4H A D-3 422 [ 3% 22 5] (P>0.05).

T A R AT P AR T A 1-b TR
o1 d i CK 4. D3 4 A3 AP FFREEE 5N
3.51£0.14,6.57+0.07 F1 7.09+0.17 log CFU/g, 3 HI[H] 1% LT
16 35 2 F(P<0.05), A-3 A¥hitem, CK Hifk. CK 4
PR IELAF A, (EAI H ZLAF R, R T RE R A
BRI T 55 KO B A 2 BB 5 I AL 78 T 1R B
0~30 d FyadFE i, FUAFTRITE TR AR G i # . AL 30 d Y,
B T WERE S P AL P BCE Y5 8 B, CK 4. D-3 1A
A-3 H3 518 7.04+0.06.,7.55+0.07 F1 7.77+0.06 log CFU/g.,
TET AL 30 d 5, CK AUMISEEeH AT R EGE RBT
Metagh, Jorh D-3 4 Tl LA AR T B o 3
(P<0.05), 8 60 d T EEFEM T, CK 41, D-3 4171 A-3
HIFUAFEE B0 5.00£0.18 . 4.70+0.28 Fil 5.120.26 log
CFU/g. ULEY, 3 2RI A B3 2 5 (P>0.05).

S5 4 FLBRTR A LA B B AR T, T T
1 d B}, CK S E02H A L ER TR TR 208 B 3 = T3P
WA(P<0.05), DRULARFA AR A FLER TR - 16 T B 7E B 60 d
F, CK 4 AN SE g 20 v ZLK B R0 ZLAT B TG I AR O 0 0 3
Z5(P>0.05),
322 FEFHMAENK AL EST

o ELUREE T 1 i A I RS 0L, R SYTO9
1 PT YL b2l A5 (2 Y ki IR S 2EA 740 HT o SE56 I
AR 1d.30d F1 60 d T FEAESL, 5 SYTO9 F1 PLIEA
JE ¥R, AP BB LA 4 T T I 6 N I A= 4,
ZERANE 2 iR

SYTO 9 AJ AR ZF iE A EE S DNA 254, PLIIXT 58
B RRESSE, FTLAB AR SRR S DNA A K
A, FEAMEEEATEREAMH PL ATLIEE SYTO 9 5
DNA %54 7 488 nm & T, SYTO9 L4¢tauék, PI 41
e, M 2 alAL BE 1 d BT RGO RS B
SO, FoRTEEMREYR BBy, s H
S BB BTS00 T s P LR R AR R i i 4518 — 30
AL 30 d TR & oA A ROR AR PT Y T, BT
WTTOR HBUSR TR AL 60 dInt, BA KR40I AT (3,
B0 BH 8 3 TR 4% 48 IR 17 200 LR 0 R 58 48 A ¥ 3 M A
DA R O 28 R A 2 o AR SE I TR UG e (8.3 B AN R
AT RSB E, B ] L A B T B e A
I ALIRFE R, g A TRty Eft,
A DL O B T T LR TR AR AR
3.3 NSLAB xtpkZ4HA18) & B /K A #20

B KRR T B R BE LA K K A 7 40 2 T 1 B 22
(B AR . I LR AT I AT U o e 5 R R
B HAE R o pH 4.6-SN/TN F1 12 % TCA SN/TN 2% 11
2 AMFRIE, BEETR /ANy FRRZS, JEE S A SRR
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Fig.2 Lysis of strains during cheese ripening (40x)

KA FHAIEZE . 5 % PTA-SN/TN F DL 7R T 1% i 2 )
W E Hme o . t4h, SDS-PAGE AT LI #1440 Hr 2R
F T K AR T o
3.3.1 pH4.6-SN/TN. 12% TCA-SN/TN #= 5% PTA-SN/TN
SERA

FET R 1, 7. 15, 30, 45 f160 d, 435IRHE CK
ZH R SE IR A B R AL, U E H pH 4.6-SN/TN AT 12%
TCA-SN/TN, 254N 3 FiR.

16T AW, pH 4.6 SN/TN 3222 fy T 1 Fh 5% B3 1)
A REEFLERRTE U, AT RRAUE, 9T R Tk
B/ LTS YRR B 2 15, pH 4.6 SN/TN 22
rh LR B 25 R 7 AR 1Y . 12% TCA SN/TN F 2 hiimA
F16 5 PRI BT DAY Sl 2 R B B P G [l ez 20 L 3
AL A 0~30 d /9 CK 4 FISZ B4+ % A9 pH 4.6-SN/TN
1 12% TCA-SN/TN AWrFtis, 0T w9 8 1 i
ANWrpk M., EmE 30 d ZJ5, pH 4.6-SN/TN #l 12%

TCA-SN/TN 3R AW T+ 5, Ul B TZ W B T AR S i i 1)
ML B R #EEEAEM . L, 52564 A-3 1 D-3 9 pH
4.6-SN/TN F1 12% TCA-SN/TN B # 5T CK 41, Bk
TR 1) T A P A 0 1 T 0 [ T R T B
. EFRREGAT 15 d B, AR A R 5%
PTA-SN/TN i, H255A8 8% (P>0.05), 1E
TR 30 d B, 2G4 A-3 5% PTASN/TN HA g & T3
fih 2 4, 225 8(P<0.05), 7EME 30 d LUS, T4l 5%
PTA-SN/TN )55 F CK 4. TR /MR BRI &7 5
LR D A RN BT O BRIE PR OC, BT RLBRTE R IE MY,
AT P9 OB ) IR A5 LA, A P T IR I A e 25 4
FEpRML,
332 RAHBE DT E S RS FERSAT
FESEFLE LR I L W ME F R, TR 9 2 1 BB K
it SR /NGy RN 18 S SRR S ) T, 3T i ol v
WA o BEFLEE A WK B B A R Tt 2 K
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PTA-SN/TN,
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Fig.3 Changes of pH 4.6-SN/TN, 12% TCA-SN/TN and 5%
PTA-SN/TN during cheese ripening (n=3)
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4 T A R SDS-PAGESE I i 7k €]
Fig.4 SDS-PAGE gel electrophoresis of cheese during ripening

SDS-PAGEHLJK B % 7 s 2 (/K fift R . B REAR
P 26 11 BRI B 1) 4 KN LA BUR TR P 457, 2%
BRI TRIR RN B 20 o R4 TS 1, B
2 S50 i 25 T I LR ) B0, oW EE P, BT R 11 A
WA N Ko F iAMDY PR IKEE . 76 TR RT LS d,
T ZE I B AR R FE 22 AN K. A6 T AUA30 dLUR, 5CKA
FHE, SEIRZHA-3 . D-3 TRl B A AS FAR 3 TR A
RS, U HAE RS | 60 dinf, SZEGZIA-3. D-34 %
W82 TCKY, FathEHCKAR, HHSEBETCK
Mo LRI E3AIE AT LIS,  NSLABE FRAE U
JE K i A SRR BE A, bR I s
333 R FNE] T B KRR R BCR(WSE) T 4 F % Ik4y
RP-HPLC 4-#7

Ml 5 AT, CK ZHFNSE BG4 BEAE o 10 (i 1 vh oA
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AH ] B A T 1 PR A 7 EE T & B, S 2 A (3 e 25
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B4s d BRI, HUCRISINE bR D-3 19T, IhR B
S R K A B IR R R SR S e CK A2,

0T KRG IE M, AR UET R AR
3.4 NSLAB x5k #AHA 8] B A9 B9 52 M

TET I G A R B | A 2 B0 AR R IR Y
EAMAW AR E N, SEOEEAEENEL, HmE
AR L SR TR M A T R AR, SRR T
it AR BE B UIAR OC o AR IIAS[R] NSLAB TR AR XS T 1 o
K= A s, SR TPA J7 ik T AT 04, S5 UEE
3 s
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i | @ ! | || = || w
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£ .j-h“»4-‘w~w"‘w«'“"‘”‘*’“ i J’MJJ‘MJ“'-;w-\‘v'\;‘w‘\w'* ® A o .
|
|
fisf [] /min it /8] /min i /8] /min fist /8] /min
i) i) | L ‘| 1)
5 ol I 2 e
g Jru HE | i | E
o | o | oo i o
i ' A | | \ ‘\ jin H . || am
# 'l“‘“"’@'wwwwwd B Y R AN 1o | Wbl | 2
‘ H ~V|
it /min B 1 /min W f/min B Tl /min

i a~d: CKALT RO, 15, 30145 d; e~h: A-SALT MG, 15, 30F145 d; i~1: D-341 TR, 15, 30145 do
Fl5 TR/ I MR BOR AR RP-HPLCYE 214 nmiA I #5141
Fig.5 The RP-HPLC chromatograms of the water-soluble N fraction during ripening at 214 nm

£2 TFEKGAEMIRIGAN RP-HPLC iEE Figr % fmR

Table 2 The number and area of peaks in the RP-HPLC spectrum of the water-soluble extract of cheese

N CK % A-3 40 D-3 4
AT ) /d
R U T FR R U T AR VAR U T AR
1 27 1632.78+150.21** 33 3204.35+57.87% 32 3223.69+£74.37%
15 39 5529.40+179.11%8 43 6632.70+£49.83°8 44 9065.86+107.47°8
30 45 9853.52+165.28%C 56 11302.17+108.49°¢ 55 10954.90+212.30°C
45 58 11650.00£82.46*° 79 19500.13+53.31° 69 16801.09+100.04°°

T REFRERIRA F] 22 5 B35 (P<0.05), /NEFEERIRTTA 22 53 .35 (P<0.05).
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HH 3 AT, TSRS B A-3 Tl D-3 20T/

TR R BUETHE R R RS, CK T HSHE 30 d B REREIT
IR TR, HEALA 45 d BHEEEE IR TR, 3 ZHRESLIN 45 FO
60 d TR AR RE 45 30 d & PR, H CK 4150 2 M
Wl 20 2 Ta) i BE 25 57 i 2 (P<0.05) . 3X A fES& T NSLAB %
WIS B0E A FUK R RN, 7 A KK E Y T,
AR R Z5A B RE IR, TR RAESANEL, 308
FEBEZ TR, SRR AR N e TR R, A 415
15 d Bk B s, Za M NS, b A-3 4l
PETFREA R . A-3 76 FTA AR ) o5 35 6 0 H S s ot

#=3 TERERAHEREE

PE, HYCH D-3 41, CK A5tk i, Xl e h Faine
NSLAB 1) il Py il (e T 1 B A 110 K 118 090 265 235 R W3R,
it 7= SN R, X S TR BT A 2 Y i R, FE AR
/N KL, AR T MR ik, %R
A-3 1 D-3 AT WEER AR A TP 2 T EEE, #T
BER 15 d IPEER M TR, 25 FTHRARE, D34
FERA 30, 45 F1 60 d A R0 H A At P 4HL A 1) 5 2R
P, EAEE, XU NSLAB HIUSINERSATFE r 2544
H— AR, (HJ2T /& NER o+ Ve R 1 IF 32 8] 25
Wi, T AT RE S RASFRC T 1 e 2

v SRR AT (n=3)

Table 3 Change of hardness, springiness and cohesiveness during ripening of cheese (n=3)

AR ) /d

30 45 60

B S H FE
1 15
T i /g CK 4 2865.41+286.41 2956.98+220.70°*
A-34H 2479.02+393.50% 2565.40+214.58°*
D-3 4 2310.34+154.02°* 2632.94+186.70*

2826.45+21.82°4 2165.81+£60.91°8 1665.81+68.01%°

3033.62+302.77%4 1741.21£65.39% 133.74+53.41*

2022.11469.95%* 1929.65+72.95* 1329.66+59.52*

i /mm CK 4

1.58+0.035%

2.76+0.016%

2.00+0.141°*

1.48+0.014%*

1.01£0.014*

A-3 4 1.65£0.099"* 2.58+0.136%B 2.27+0.163% 1.90+0.001°¢ 1.5240.013*

D-3 4 1.43£0.058 ** 2.43+0.021% 1.98+0.068°* 1.52+0.010® 1.00£0.011%®
BERME CK 4 0.28+0.033% 0.15+0.021* 0.14+0.006™ 0.14+0.025™ 0.1420.025*

A-34H 0.26£0.044"* 0.13+0.010™* 0.140.088"* 0.11+0.035* 0.11£0.035*

D-3 4 0.27£0.031°* 0.16+£0.035** 0.09£0.011** 0.078+0.004* 0.078+0.004**
INE EREF TR ] 25 57 i 35 (P<0.05), K5 FHERIRTIR 22 5 1 3 (P<0.05).
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