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Preparation of A Novel Kefir Flavor Compound Fermentation Starter
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Abstract: To develop a compound starter with excellent flavor and stable physical and chemical properties, 51 strains of lactic acid
bacteria (LAB) and 22 strains of yeasts were isolated from ten types of kefir grains collected from Xinjiang, China. Among the LAB strains,
three exhibited outstanding incense production and proteolytic ability. The textural characteristics of single-bacteria-fermented milk were the
most stable. The acetaldehyde, diacetyl, and amino nitrogen concentrations for Lactobacillus kefir MLKS were 15.82, 3.99, and 597.09 mg/L,
respectively, and those for Lactobacillus casei SLCI1 and Leuconostoc membranae NLM2 were 20.02, 4.69, and 684.92 mg/L and 18.01, 4.44,
and 600.58 mg/L, respectively.. The yeast, Kluyveromyces marxianus FY 1, exhibited a suitable ethanol yield, good genetic stability, and the
highest lactose utilization rate (56.56%). The-optimal ratio of LAB to yeast in the starter was 5:1, and the optimal proportion of the 3 LAB
strains was Leuconostoc mesenteroides: L. kefir: L. casei = 1:2:1. The curd time of compound fermented milk, acidity, water holding capacity,
ethanol content, viable count of LAB, viable count of yeasts, and sensory score were 6.0 h, 84.65 °T, 62.31%, 0.53%, 3.89x10° CFU/mL,
4.61x10° CFU/mL, and 89.21. These indexes are similar to those of kefir grain fermented milk. The volatile flavor compounds in compound
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fermented milk were found to be harmonious and more acceptable to consumers. These results will help stabilize and simplify the industrial

production of kefir and provide a reference for the development of different flavored yogurt products.

Key words: kefir grains; lactic acid bacteria; yeast; isolation; screening; compound fermentation starter
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Table 1 Optimization of the ratio of three LAB strains
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Table 2 The standard for sensory evaluation index of fermented milk
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Table 3 Composition and proportion of bacteria in 10 kinds of kefir grains

ki B D F K M N S T X Y & EB/%
T RILITE 4 3 0+ 2 4 4 1 * 2 1 28.77
FELATH ook 0202 2 12 2 2 2 2055
EHE S S | 2.74
Jon PP ¥ K L L L L R Y o 1.37
A KIUAFH o111 oxox o ox o ] & % 5.48
Lactobacillus parolens * 2 * * * * 1 1 * 1 6.85
Lactobacillus diolivorans ~ * * * * * * & 1 v * 1.37
Lactobacillus naglli * * * * * * < 1 b * 1.37
Lactobacillus harbinensis ~ * 1 * * * X * * 4 y 1.37
57 % S B D T O N S T 12.33
Pichia kudriavzevii * * * 1 * 1 3 1 1 1 6.85
R LB * * * * 1 p * G * * 1.37
¥ Jo R E A L S B P A L L 8.22
Pichia occidentalis * * * * 1 X * * * * 1.37
Eoat 6 9 6 7 9 9 6 8 6 7 100

Er CRTOREA RN F],

x4 8HFREEARFLNCE,. WIERERE
Table 4 Acetaldehyde and diacetyl concentrations of fermented milk of 28 LAB strains

LRRERE  ROBASRE

LRRERE NOBASRE

5 /(mg/L) /(mg/L) " 5 /(mg/L) /(mg/L) ke
BLK3 17.93+0.90% 4.36+0.02" 4.11 BLK4 15.56+0.70™ 4.11+0.01% 3.79
DLP1 9.72+0.86" 3.98+0.014 243 DLP3 12.76+1.261 6.39+0.02° 2.00
DLK6 24.30£0.90° 4.55£0.01¢" 532 FLC2 28.65+0.27° 4.59+0.01¢" 6.24
FEF4 13.28+0.36° 4.67+£0.01% 2.78 KLC1 17.86+0.60 3.06+0.01" 5.84
KLC2 17.68+0.75¢ 3.88+0.01! 4.70 KLK4 19.11+0.73" 6.16+0.02% 3.10
MLCI 28.82+0.41° 6.00+0.02° 4.80 MLK3 14.98+0.31" 3.49+0.01™ 429
MLKS 15.82+0.52!m 3.99+0.01¢ 3.96 NLCI 13.46+0.41° 4.76+0.02'% 2.83
NLM2 18.01+0.36 4.4440.01" 4.06 NLK3 18.42+0.69! 5.66+0.02¢ 3.25
SLC1 20.02+£0.91# 4.69+0.02' 427 SLC2 22.85+0.72° 5.33+0.02¢ 429
SLP3 23.70+0.60¢ 3.99+0.014 594 TLD4 8.93+0.62° 3.99+0.014 224
TLP5 22.26+0.78f 6.34+0.01° 3.51 TLN6 23.07+0.12¢ 5.64+0.02¢ 4.09
XLC2 17.97+0.38% 3.61+0.01™ 4.98 XLK4 16.15+0.25! 4.87+0.01° 3.32
YLC2 28.05+0.40° 4.7440.02% 592 YLP3 20.08+0.25¢ 8.97+0.02* 2.24
YLK4 14.41+0.54° 4.26+0.011 3.38 YEF5 17.73+0.39% 5.31£0.01¢ 3.34

E: RIFIAR LARFHEREARA 2FMZF (p<0.05). % 5~9 Fl.

83



MK EmBHY

Modern Food Science and Technology

2022, Vol.38, No.11

22 ABREW L

221 F~&RAHMZE

FRE i EEEIANREIA S OB WL
WA B . SCHRIN A, T RN R 20T 1R FE 43 ol ik 3
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HEIAERE S PR L RS s R
HEEAR,  HAREE RN e L IR B = R
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[ B Xof 5 T L P B B PR AT — e S U AR S0
15 H A S Bk 2.

1=0.002x+0.011 6, R*=0.99.

5N 28 RALER I K AL P R B AR B H
HOMAMBMAKBANMZXEARATZREN
570.98~684.92 mg/L, HARENZER (p<0.05), H
T8 R T e b T R o) £ R T L b A R
409.50 mg/LI), WK TF B FLAT B -5 i Mk & P 77 3 [
R 5 KL R BB IR E 500.88 mg/L24.
A 19 bR FLER B R T FL I &R EUR R IR VG L
333.19~505.33 mg/L, Bk SLP3 15 XLK4, @#itk FLC2
5 TLPS LR FHMEERIN (p>0.05) , HAEKELY
HABEMZER (p<<0.05). ASFIHE PRI A REELE
JIRIANE, PIREEH T B R S AR KA A, & iR A
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Table S Amino nitrogen concentration of fermented milk of 28

LAB strains
BLK3 570.98+9.20! NLCl1 505.33+10.51
DLP3 419.21+10.540 SLC1 684.92428.39°
FEF4 383.43+£15.02Y TLD4 428.39+14.26"
KLK4 365.77£7.72 XLC2 627.23+12.12¢
MEK 597.09+11.72f YLP3 333.19+17.39*
NLK3 589.25+12.01¢ DLP1 400.300+8.11"
SLP3 383.63+15.04™ FLC2 411.67£16.091
TLN6 387770£10.97" KLC2 621.40+29.724
YLC2 487.40+12.64! M:I;K 367.56+14.38*

NLM
YEF5 425.31+9.76° 5 600.58+11.35¢
BLK4  473.42+12.45™ SLC2 497.40+32.55%
DLK6 399.09+10.8%° TLP5 410.04+9.581
KEC1 677.40+£32.38° XLK4 380.80+14.88"
MLC1 391.40+15.02" YLK4 581.48+10.11"

L3R L W L R IR RIR L, T #k BLK3.
KLC1. KLC2, MLK5. NLM2. NLK3. SLC1. XLC2
BEYLK4 RIVEAL, HARE X 9 PRrLIR i A BE 7L I 4
JRARFPEI 252 -

223 AR
*® 6 9 MRIALBRE KRB FL I E BN
Table 6 Texture profile analysis of fermented milk of 9 LAB

strains
%5 /g B/ (gs) BRMg  RMEAgs)
724.16£10.70 10.54+0.59°
BLK3 34.17+1.09° . 12.29+0.714
36.27+1.68* 712.25+£10.57 17.03+£2.152
KLC1 . . 14.844+2.20? .

KLC2 37.3440.71* 759.46+14.52* 10.24+0.95° 13.17+1.42¢

MLK 36.37+0.67 16.64+0.67°

682.23+9.99° 15.41+0.66
5 b b

NLM
36.82+0.77*  671.15+9.63° 15.54+0.47* 18.12+0.99*

15.510.46°

35.51+0.832
NLK3 . 713.45+5.98" 14.80+0.38°

3591£1.712

16.35¢1.01°
SLC1 . 688.55+17.95° 15.68+0.63 .

XLC2 36.35+1.10° 720.61+18.90 12.16+1.52% 12.39+1.36¢
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YLK4 34408095 717.56:6510 1239:0.650 1500F04%

PIPEACRT DU T & B TR R, REBUE &,
REMS B AL URE S OB . BRI BRER Ik Rkl Ik A 4
b, fESER AR MMERTT LR, 1%k 6 FoR, 9 #k
FLR T A LR FE 35 b1 BV 33.90~39.90 g, Lt
A P52 0 Bl ) R B LS 2 N o B sz . RIS
SRR s 2 e B DS, FREEERS, T —
PER g BB 220, Bk MLKS. SLC1. NLM2 [k
FEFLA R BT HAR B (p<<0.05), BEHIX =Fhk
P AL 35 — A FE AR« B bR KLC1. MLKS.
SLC1. NLM2 KAL) BESE I RIRG 1 20 5 25 K T HoRr
Fik (p<0.05), FBEF KLCl. MLKS. NLM2,
SLC1 KEE R Mush 2 HEZ . TN E Z5 40 B AT
CRE A TR PSR RS, ) FLER B B Ak MLKS
NLM2. SLC1 R HEA. Kit, EFARE MLKS.
NLM2. SLC1 {E R AE/R IR & A 7 (1 52 e e o

23 EEFE ey

231 FLERAMNZE

L TTC AR IR (SN, AT 73 9 R AN R B
FPEOREREIIIZE S, B EBRIR N 2 L e TR .
IR, 1 REFRFRANR (5, 6 PRIFRLIR R0k 6,
12 PRI RE G AR AL, 3 PRIEERE I 2R 2L (. ONiEs
7 G RE ) SR BN T RN 5 e FL I i,
e, WP RE e CRERE Jd R R, B BY 1. BY 2.
DY2. FY1. KY1. MY1l. MY3. NYI. NY2..SY2.
TY1. XY, FFRSHBEATIREE gL 1 .
232 dAEALR A SRR E

T AP SEARARTE TR RE T g Y LR AL L 2
RN GE, AR RS, #oll 2 B
R 58 1A I 110 A A OB Attt . L 3R 7 WD,
FEZ UG, Bk MY3, NYL. NY2 F 600 nm 4
IR OGN 0.145~0.32, (R THIA 9 FRIKOLE 0.487~
0.777. X1, FY1 BOLERA, I ESHREKRAS
BEEZER (p<0.05). FERFEIES AT, KO
TP IRIESEIGEIRAGH, FUBERIBRAE fH 2 9

3=0.224 1x-0.005 6, R’>=0.99.

x7 2 RERRERNREREMERILEF AR

Table 7 Genetic stability and utilization rate of lactose of 12 yeast

strains
s SLRBERA  AUEARE
®%  ODan /(mg/mL) %
BYl 0.651+0.01%° 1.038+0.00° 29.14
BY2 0.561+0.00¢ 1.237+0.012 15.56

DY2  0.674+0.02° 0.916+0.00° 37.47
FYl 0.777+0.01* 0.636+0.01f 56.56
KY1 0.644£0.01¢¢  0.950+0.01% 35.13
MY1  0.521+0.00° 1.054+0.02° 28.03
MY3  0.223+0.01 1.121+0.02° 23.48
NY1 0.145+£0.01 1.232+0.05* 15.9
NY2  0.320+0.01" 0.923+0.04¢ 37

SY2  0.487+0.01# 1.241+0.03* 15.29
TYl  0.533+0.01° 0.943+0.03¢ 35.64
XYl  0.622+0.01¢ 1.016+0.04< 30.67

WASFAEA=Ghh FUE S &0 1.465 mg/mL, FEEAHN
XHHE, AT AR BEER (O ZURE R R . ik 7 W],
12 BRI BERE AE— e FREE B S R T 20, I BRI
r T 15%. R KPR TR, BEEE N ZS
BEAG T RENS AR FURR (R BRIAR -

I 2 BRI R A FUREAOEE T AL R
PR FY L HIRURERI T R b, SO S B K T HoRA
Pk (p<<0.050s &5 G LRENE, KM FE TR I F
F, FIOCUEHEEELT FY 1 NTTHE /R KRS & A8 7
HRERL

24 <OV R ACEE R B BT

241 =L H ) 69 A
* 8 TRELLHILEINREITNGER
Table 8 Sensory evaluation results of different ratios of

fermented milk

R JiHe Ak T
1 931+0.09° 8.33+0.08°  8.13+0.15%¢ 9.23+0.07
2 9.2140.150 8.25+0.06%¢  8.28+0.08%°  9.2+0.07%d
3 9.240.04°  8.27+0.05%  8.19+0.18%  9.26+0.04%°
4 9.28+0.1*  8.29+0.11®  8.34+0.09°  9.34+0.07°
5 9.14£0.12* 8.24+0.06®¢  8.21+0.15%°  9.174+0.09°¢
6  9.14+£0.11* 823+0.09%¢  835+0.03°  9.14+0.11%
7 9.2440.13* 8.18+0.11%¢  8.09+0.13°  9.19+0.0420
8  9.12£0.09* 8.16+0.14%¢  8.18+0.13%°  9.31+0.04%
9  9.09+0.11* 8.14+0.07°¢  8.1£0.06*  9.12+0.11%¢
10 9.140.03°  8.18+0.073d  8.22+0.172%¢  9.25+0.09%°
11 9.240.028  8.240.1%d  8.12+0.08% 9.25+0.07%°
12 9240.128  8.18+0.1%¢  8.13+0.14%  9.13+0.05%
13 9.18+0.16*° 8.29+0.12%  8.24+0.03%c 9.28+0.06:°
14 931+0.09° 8.32+0.08*  8.13+0.15%c 9.23+0.072¢
15 9.16+0.08 8.18+0.073d  8.07+£0.06°  9.240.11%<
16 9.18+0.09* 8.12+£0.08¢  8.14+0.16%° 9.24+0.13%d
17 9.18+0.11*° 821+0.1%¢¢  8.27+0.05% 9.25+0.07%°
18 9.32+0.07*° 8.25+0.04%d  8.07+£0.07°  9.23+0.09%¢
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19 9.25+0.18 8.21+0.04%<d  8.33+0.09®®  9.15+0.1«
20 9.13+0.21* 8.13£0.09*d  8.27+0.15%  9.07+0.06¢
21 9.21+0.13*  8.09+£0.099  8.13+0.15%¢ 9.2240.062d
22 9.14+0.06* 8.26+0.07¢ 8.21+0.15%¢  9.2+0.]12b<d
23 9.17+0.13* 8.19+0.06d  8.26+0.12%¢  9.17+0.11bcd
24 9.15+0.14* 8.17+0.112d 8240, ]2be 9.32+0.1%
25 9.24+0.08* 8.19+0.05d  8.28+0.09%c  9.26+0.]12¢
26 9.21+0.12* 8.16+0.07°b«d  8.15+0.08% 9.17+0.08b<d
27  9.31+0.09* 8.32+0.08*  8.13+£0.15%¢ 9.23+0.072cd
gy g, AR I B MLKS . B LA
SLC1. /i &k NLM2 (35 #5000 5135 5.86x108.
3.15x10%. 1.98x10° CFU/mL, 3 FRFLER B HR4E AN [F L)
il 27 AR FLIR B VP 45 R 8. AMULJ T,
27 HRBASBEAAE, FLEEESR (p>0.05).
[T, 15 REEALMA RS MR A, HEEAA
ETHEISR, PN 833, HIkN4 5513 5K
BERL, 50N 829 73, 5 1 S RIFALZERAEZE (p>0.05),
HAe 202 ARkBA S22 Z5EE (p<0.05), KK,
FE R O AN EbR, 4 516 5 KL
B, O 19 5 R, =F ZRAEE (p>0.05),
HAGA KRS PR =R BE (p<0.05). n[H%
PEJTTH, 4 5 KRBV fem, OO 24 5H018 5,
AR 1 SRBAERALEE (p>005), 5
HAHKBAZERRE (p<0.05). ZZE4MIL. .
R FIHEZ 1 4 ANFERR, RIN 4 5 ) L R
HIHN BN, Rk, 3 AL A 18 £ L e e
N NLM2: MLK5: SLC1=1:2:1,

242 LA S58ARLp gL
90
80 - :
_— \

S}, —t
i
& 60 -

50 +

1:1 2:1 3:I1 4;1 5;1 6:1 7:1
FLIR T 55 I BF R LE A5
&1 FEMLE BRI &L B LR E T2 RIS/
Fig.1 The influence of the change in inoculation proportion on

sensory score of fermented milk

FFER I B MLKS. TESFLATE SLC1. Jiz i
IR NLM2. 5o B B 4ERERE B FY 1 B RS )S,
TEE A N 5.23x108, 3.25x108, 2.03x10°.
1.13x107 CFU/mL . 47L& B 15 19 BF B 1) B9 12 B R
11, 2:14 3:1. 4:1. 5:1. 6:1. 7:1 CHrp =g ERE L
1511 R R B B - AR R LT B TS LT B =1:2: 1D B,
RIEEFL BT VP e T PR P Lt 5:1
B, JREEIAR RS, R E IR AR E &K
P9 FLIR 1 S I B T T LA R 501
243 REEREZMKA

FHE 2 W %0, 7EREFRESA 1x10° CFU/mL, FLERHA:
BERERR A S:1 B, BEAE RKIPERE T &, BB Tt
RITERAE, T 34 CH, JREF BRI Re. Fik,
TER A RPN SRR 34 C.
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Fig.2 The influence of the changes in fermentation temperature

on sensory scores of fermented milk
244 REEFLAGEILE ., BRE. TR, T
BE o2 ARE RN
IR G R BRI AT AT, B tRAR e T
FERKL Cy He M. NAENSTIR, HRE A A R L
[ EZR. 9 A S MARIKEEILRTERI E LR
FLEUOR I, 26 KL EEFLIN [R5, KT IR
Kt R A BRI ALIIRRIE A 84.66 °T, 4 Fht
RN R T LR FE Y 1 73.27~84.21 °T, 4T3 2
PRER . BEKBEILNFIK I EE KT 53R K
M3l (p<0.05). DYMIFIE/RIL K T FLIV £ 5 & yE
7 0.37%~0.56% (V/V), B&EREAH CESENT
ZH, UL G KR B BER P QRERE T AT . T
H, AN[ER W FL b i BE B S LR B )i T A8 ik )
10° CFU/mL 5 10° CFU/mL, #F&ERER.,

®9 TEILEEFIBIRNELSR

Table 9 Determination results of different fermented milk indexes

- o g n - 5 JLER B B A P

4 -E RS A FF O J 0 = /(0 %r/» BN

] £t FLET 8] /h BT BRA%  TE(%, V) /(<10° CFUAnL)  /(x10° CFU/mL) B M
B A R 6.0+0.45* 84.66+0.53*  62.31+0.35° 0.53+0.04* 3.89+0.21¢ 4.61£0.16° 89.21+0.232
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FIEREC  85£043  8421:055 56440170  0.38£0.07¢ 1.910.17¢ 9.87+0.07°  85.41+0.35°

FIEREH  9.0:034° 732740780 5837+0.52°  0.49+0.12° 8.91+0.18° 3.524020°  79.13+0.14

FIEREM 708054  81.66+1.08° 59.31:041°  0.56+0.08° 7.80+0.06° 237+0.12¢  87.26+0.26"

FIEREN 756056 7937£121° 6103093  0.37+0.09 1.21:0.23¢ 471£0.19  83.26+0.15¢
245 KEEFLEY T AT LIS FURENG W R bMERes, RAITIERRLN
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Fig.3 Principal component analysis of the physical and chemical
properties of different fermented milks

E:ar BFEAA: b: BTHLE
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YERE AL HRRT ARSIk TR 9 IS FEIR,. X 5 & K ¥
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{5 BT DTk A 99.50% (43 Bl 5090%. 34.10%F11
14.50%, & 3a). PC1 J5 A ShEFU (], BRIZ. KK 7.
SORE PSSR, HBATAERMERIR T 4. PC2
TS oiEE . FREEEE. KRR EES
BURHIAHIRNE, B e B 2K T 4.4. PC3 J71A) S5 HF
XTI ClEE R FURR RS A BN ICHE, By
HRMERT 4.

P 3b TP BB 5 Rl FLI 7 AT I O
AR LA R X 5. PCL A5, BEpLA (A
FRRE FEK AT SR PR R ME sl , JT SRR Cs
TFEE/RKL M S & K FLI PCL 573 N IE] . PC2 15
oy, OFEEE. ARENEHE. MRREEEE
febrEdim, PC2 Jrlal ERGITSEARRL C JFIE/RKL N
MG REEAAF NI PC3 1350, FK ).
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TRE) R B LAY AR KT Aokt i EL AR

—

| 5t I%RE
| 3-dk-2-TH

24.6

JFEREM  JFIRRC  JFIEARKE  EARMAL  JFERRN

& 4 TEIABFLIZER M UASYIRARERREN
Fig.4 Heatmap and cluster analysis of volatile compounds in

different fermented milks
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