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Abstract: High-throughput sequencing technology combined with plate colony counting method was used to
detect and analyze the microflora of water kefir and its starter water kefir granules. Probiotics were screened
from naturally fermented water kefir and water kefir granules, and the selected probiotics were identified by
individual and population morphological observation, physiological and biochemical experiments and 16S
rDNA sequence analysis. The results showed that lactic acid bacteria were the dominant bacteria in the two
samples; whether it is water kefir or water kefir grain, Firmicutes and Proteus are the dominant bacteria,
Lactobacillus and Acetobacter are the dominant bacteria, The bacterial diversity and richness of water kefir

granules were higher than those of water kefir; A total of 7 strains of lactic acid bacteria with potential

Wi B HA: 2021-08-21

EEWA: 74 FFRABAA LT (2020); 74 AR ERESTIH (2019-ZD-0600 )

Supported by: Innovative Talents Support Plan of Colleges and Universities in Liaoning Province (N0.2020); Natural Science Foundation of
Liaoning Province (N0.2019-ZD-0600)

fEEEN: SooM, &, 1997 A, EERA, PRI T 5% 4, E-mail: 504121303@qq.com.
BIAESE: KA, L, 1977 4R 4, WL, #2, 55 B EmMEY . E-mail: 13634967549 @163.com.

182



E305 2022F £ 18

\ .
WAL
ol e

EYTIE

probiotics of acid and bile resistant salts were screened, and the identification results were four strains of

Lactobacillus fermentum, one strain of Lactobacillus paracasei, one strain of Lactobacillus harbinensis and

one strain of Lactobacillus rubrum were identified and named Lactobacillus fermentum cc4 . Lactobacillus

fermentum cc8 . Lactobacillus fermentum cc9 . Lactobacillus fermentum cc22 | Lactobacillus paracasel ccl |

Lactobacillus harbinensis cc5. Lactobacillus satsumensis cc12.

Key words: water kefir; water kefir granules; high throughput sequencing; bacterial diversity; latic acid

bacteria; isolation; identification
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o AKIFARR PR R RRZ , EZSFRE
T TR T R PR B BT, 112y 25 o 240 o R L B L
(A R, L A0 T A T A LS B LR T 1Y
BERMEL AR IR R R R BT, KIFARR
Kigy “THAL” BB, WA E S A PR FLIR R A
AKIFAEIRPL, JKIFARIR & Z A0, REK A 20
PR . ARSI IE RS KBS, &1%
PIMLA e S AR IEPEDLRE Y, X 28 i il AT
RS (e 4>, 2w 8K IFARIR , FLRR T ]
PUIAE AR A6 A R BEAH, KT AR R O PR A 2
AEEUTE : fERETFAL . BSmAFAEDNAE . V471 N 20
G, VAR . BT R B BT, 25
A AR E AR T B i, S REgE
1 B IAIE AR pH Jefe i85 R AL 2REE L,
B, GRETR R R AE LR A A5 A AR AT E RS
W SCRSE A . FET, B SRR K IFAE 2R B F
FEALAE K TF AR AORL A 1 I ) A= T T 7 5 2
PR, WESERWIKIT IR IR A e i i I 5
LR, (HIRKIT IR AR A2 45 R i 2
THREMAEE, HE KRS A AR R
FHET, AR, A AR I I AR DG
FARAZINZL, LA 9 B W5 F AR R B E 9
ZWEFEIE N T2 R A IR WS . 4 2B 1R 7L IR B K
B, D RAr R AR ORI, HA V2 e
fEREARAL o SR H AT KT HE R R T B /ME
Yi:UNERAE ™, HORBRI iz . REERA L
AR, F BRI ik = A KT AE 2R I B Rl

FIT LA, A 250 1) FH v 3 o Y B R 255 Al
B THECE, rHr KO SRR oK FEHE RO % 20 T
X R BRI E . SR LA AR | i IEER BE 7 iR
B, M BT VA 25 A M R AR . AR5
K FFAEIR Tl e T £ A3 4 28 TR Ak LA B Ry /K IR
IR i B F & B S
1 #REREE
1.1 SEIedf

IKFFIEIR L AKFFEIRBE : VT AT AR A
MRS WHRFE . MRS B3 B HRBERF
B AU A RRA A AN AR ZH DNA 4
WAE: WSS A ARAF .,

12 UE5E&E&

JE S 7895 K #H ( DGL-50B ), £24ha] WL 2rt
JERETE (752N0): M IS LI AR s TE R
I (303-4B): WiiLmgm(iXas) ; HE T/EG
(JB-VS-1300): g Jj AR s #5% pH it
(PHS-25). HLF4r#r R (M4-AL204): L1
BOPA A AV RS (BM-500T ): fRE%E
PGB A BRA ]

13 XLWHE
1.3.1  ABGEF- AR E0E DN A 20 R AR

XF 7K T AR IR K I AE ZRORL H %) 240 T R0 3L R TR
HE, MESM| GB 4789.2—2016 (&4
FAE B ARGE B BB E ), TR
HZ M GB 4789.35—2016( & i & & FhrifE &
A AR YRR FLIRR A AL ), AR =K
AT, OoRk4S
1.3.2 il s T 43 B 40 1 X R

FEL RS XKIFIER . KIFFER AL
AL DNA $2HUF1 16SrDNA 1 V3-V4 A[ZE[X. PCR
P, R Y B S hiEm 51 520F: 5'-
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AYTGGGYDTAAAGNG-3', JZ[n5]4) 802R: 5'-
TACNVGGGTATCTAATCC-3', 4R J& #6314 ¢
G, AR T AT SO #IE B LT R
M, M FEF 6 k9 NovaSeq 60001, 5 3] 2 1
MFpas R I5, Z2BRE LG 75 H ) Barcode F1514)
A, BPHESEEAR TS Raw Tags, X H:
AT BT RS H A pE AL, KB GRS IT A,
F UCHIME 8 AR 5151 L Briix & 791, sk
1B BOBAREY, % ] Greengenes U4 £ ( Release
13.8, http://greengenes.secondgenome.com/ ) #f
TR
1.3.3  ASV R KWyt il A

H Uparse B f4:%] 423 Effective Tags fft ASVs
Bk, S IBABIE N 100%, HPUFEUR & 10751
VERARR TS, R o3 FEE 12 53 b HeM i e
BB REN R EFER, fENTMEKY 5
THARE S R P e 2H i o
1.3.4  WEAE g A 1 LR T 1Y 1 a2k

XF 7K IFAE IR K IT AR ORI J5 474 B A
Fe, BL 107, 10, 107, 10° UAMERES 1 mL
JH MRS ARG FREGA 00, 37 CHEFF 48~72 h,
PR A . 2RIESRIE RS, 2Lt 2]
MRS B FREE |, 37 CHi3R 48~72 h, Rk
2~3 K, WMEHEMRIEE, HEME R WE
g5,
1.3.4.1 W Si's W bk#EAT HO, MM 2[R
Ye @S5, WP IHE ) HaO, Wl B S 22 (R A,
PHMERYTRRR , XA & LR S5 R TR R R A T 52 07
1342 &0 DIWsRAT R M, MHERmZ I 1E
Oh TR B Y T A 25 AR PR SR e R AR e A0 O T
R R 2= MRS W R FRAEd, 37 CHigf
24 h WEACTE AR, TR Rk A R T 52 )

it R PR - I A D O T A R AR, R R R R T
MRS 755560 pH {6 % 3.0, 4.0, 5.0, Dl pH
B4 6.0 ) MRS P35 FR B R IRA, 7038 T4%
WA, 2R/ 5% (viv) WA R ke, 37 °C
Big% 3 ho LIRIEF) MRS Rz 323 NS,
TEPEAE 600 nm KA FI 58 5053 66 BE T 2 A [
Bie bbby ODE, BFhE i =P AT 525 JF
WOHAEYE 4% BER 90 A S H R R AR T R 1 -

B R TR R PR A7 2R (% ) =( SE55 41 /Y OD600 nm
B/ BE41/) OD600 nm fH ) *100%, ik ERH
TR PR 1) B AR A T B ER T 52 3 A

JAERTAZ J7 . 5% Dunnel™ 409k, BiiE
0%F1 0.3% (m/v) 4-RHER AP FD MRS WA
Frdk, T HERE ., B 5% (viv) Wi E B
W, A NRER X R, 37 °CHi 3% 24 he 7
et 600 nm Kb FH 2853 S BE I AN [R) 5
FRAEEP Y OD fH, BEAME S M = U4 T 5250 1 B
HOV A 4% BT 9 X R AR 1 AR R T 27 5
WARIIBER T 2 71 (% ) = (25 4H A OD600 nm
{E/%F BEZH Y OD600 nm ) *100%
1.3.5 M. BB WS

X 0 BT AR MR T 22 R, WA T
WM ARIEA, DRE R,
1.3.6 AR

Z R IR 2 E T ) PRSI FLIR
Sy
1.3.7 HFAY 16SIDNA %5

FEGI PSS . SR F LN 4] DNA, PCR
P34 16StDNA J¥5, ¥ 3514k 27F J& 1492R
T FHG W00 T 1% N W B I v DR I 3 e ik
J& PCR =¥y DNA JF51 . T B 5 & pk i
16SrDNA #4175 NCBI ) GeneBank H1 47 L X,
S BIARLE f5e s A v 917 il 3 MEGA-X 4K
G375 IR =k
14 BB

i R H SPSS 22.0 liAs, {34 ANOVA HL[A
K231 \LSD DL M2 SNK Ky, 45 9 1] x + sem
/R o f# ] Origin £l FIE .

2 ZERE55H

2.1 JKFFIE/RANKFFIERAL AP B & B
IKFERE IR R TF JE R B A A Kt R 0L 3% 1
FKITFAEIR M BB (7.32+0.011g) cfu/mL, #.
PR EECH (7.08+0.021g) cfu/mL; KIFIE/RKLLN
HEECH (8.90+0.051g) cfu/mL, FLERH MECH
(8.69+0.08 Ig) cfu/mL. FIAFEKIFIE/RAKIFAE
IRRLAHTE X R T, LR TR AR i 9 D 340
AT IR SRR A L LI A T . HE N ORES B
AT AT K TFARIR R TR R B AR X AR
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Tablel Resultsof bacterial counting of water kefir and
water kefir granules cfu/mL

SEHAH

JKIFAE IR KL
8.900.05 Ig*
8.69+0.08 Ig*

TH

FKIFAEIR
7.3240.01 1g°
7.08+0.02 1g"

PSR
LR
W FTARRVNG FRERR B EH 25 (P<0.05),
Note: different lowercase letters in the same line indicate
significant differences (P<0.05).

[EREI=R

22 BEEMNFHEARDWKFIERFAKIFIER
NARXZRRBEE
22.1 ASVs H%

5 38 18 T 3 AT K R SR FOK I 36 2R R4 B
X2, 45 B B3R 60 151 F1 64 256 B RUFH .
AT IR 100%— 31T ASVs 2, H B
WEITFHNREREITY), FERHY M, HiE
M 1 R, 45 R 3153 438 1~ ASVs, KIF
R 168 4~ ASVs, KIFFE/RBHF 270 4~
ASVs, HAPHHILAR ASVs Bk 93 4>, Pidl
FEA 1 ASVs 3518 75 #1177 4~

IKFFIEIR

IKIFHERHL

1 KFFIERFKFFIERIIE ASVs
Fig.1 ASVsclustering of water kefir and
water kefir granules

222 I o 2L

PARRAE S 2 RE AR EO T WL 20 IR PR,
TKIFIEIR FK I AR 7R ORL A 7 35 %534 8 0.999, A
T VR T e AR R AR B LS4 . AKIFEIR
Hif¥) Chaol, ACE. Shannon. Simpson $5%% i &
(P<0.05) & F/KFFFERbL, LRGSR KN, &
TR K TP AR OB A o o JE R e e

®2 WHERSHEEEHSHR

Table2 Diversity index analysis of two samples

ZFEMERE L
FE HRIFS] ASVs Coverage
Chaol Shannon simpson
KIFAEIR 60 151 168 194.54+10.15° 198.67+11.77° 3.89+0.08° 0.88+0.06" 0.999
KFFIEIRBL 64256 270 290.52+18.63° 293.94+19.86° 5.27+0.32° 0.93+0.03* 0.999

T FSIAFENE FERR B2 S (P<0.05),

Note: different lowercase letters in the same line indicate significant differences (P<0.05).

223 ZHTE R B A

T DK a5t s 2, 7E1 1K |,
KIFFE R ERER T (179.58% ) FIASJE 14 7]
(19.88% ) 5 AN 1 99.46%; KIFAE/R AL H R

Lactobacillus M Acetobacter M Others
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IKIFIER IKFFHEIR L
B2 EFIKFHHAREEN
Fig.2 Bacterial structure based on gate level

BETAT] (86.67% ) FIZSIETETT (13.32% ) & S 4l
B9 99.99%, 25 EH, /KIFHE/R 5KIFIEIR KL
AT DX R ARARL, DLFT 1Y o JERE B T R AR T T
11, HPEEERT R R EEMNI], AKIFIER kLT
JEBEDA T & = /K IFIER

PP AE 5 I B A 25 M A UL I 3, K I EE
IR 34 TR 2 LT D RIS AT R IR, AR B
IR 79.42% . 16.38%, RN JE St b A0
A1) 95.80%; KIFAE/RPLHZLIT R ( 86.64% )
MEEFFEJE (13.32% ) i EAHER Y 99.96%, 455
R, ATFIER 5K TFAEZRRLAN B X R ARL,
ST B Y LT R RS AT R, e 2L AR
Sl EEE, HHAKIFIER B & i oK
FRAEIR o A LI B — b5 E T 7E pH<4.5 B
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ARMEAET , (HFLAT B i PR VR Ho , REAEALR pH
H FIER ARSI, MEAFERER, SIS
MO SR A R AT, RS AR
BRI N A S S T S B FLRR A, R — 2P
ALY 247 B8 %E PSR o

Lactobacillus M Acetobacter M Others
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Fig.3 Bacterial structure based on genus level

23 JKFIERFMAFIERMPEBEREEIR
B R 1 1
23.1 Wb

AN E R ESRHE L 3 B, MOKIFE
IRFZKFFAE/RRL 2R 30 PREE == [R5
PR, o S AR B, A 2R A TR Ak
WM B S, 2RI, DECHERIE R
SRR o

£ 3 WS TR F IR T AT

Table3 Morphological characteristics of different strains
preliminarily screened

YIE S Koy 35
[LiL73 85 h WEES
HeF) 7= 7
ccl.cc5.cc6,ccl0, ccll,ccl2,
ccl3. ccl4, ccl5. ccl6, ccl7, EKFFIR S
e ERIE
ccl8. ccl9, cc20, cc2l. cc22. #HEIRHEF
cc23., cc24, cc25. cc26, cc27
EERIE SO0 AT
cc2. cc26. cc28. cc29 s LI 5 [FEE
6 RS =
cc3. cc4. cc7. cc8. L FRIR s
. ERIE
cc9. cc22. ce25. cc30 R HE

232 Hif

B0 T A5 30 MR HERN B MRS Rz F 5,
37 °CH:iFF 24 h, S BiXf HEEFR W AT R PR . JIH
AR AZ 7 I AE

B PRI B DL 4, 30 Rk Ak T 4k 28 B pHL
EF-m AW B, BfFEEZES. X pH EK 3.0

i, 30 AREARI AT DUE K, EARERAR. £
BRI Wang PP 5 LR B T AR 1, I LY
wA A BRI A e . — B, IEW AR
Jri . B pH {EAE 3.0 ERkEh, IHARE 3 h,
VD it A 1 L TR T A T TR P T L AT DA R
HEErpAERP BrRIX 30 RREE AT LABE S F ik
WMo Hi, ce9 Wk RRYER L, ccl. cc4.
ccS. cc7. cc8, cc9. ccl0, ccl2, ccl5. cclb,
ccl7, cc22, cc25, cc26, cc27 MR EH
8w, R/ MRRHES . RS RUEHTX 15 BR 1
PRA ARG BT R, AT DAAR G B 4716 7E IR BE AR Y
Wb, W B 15 BRI — 2 1T
®4 FEEKROMERE

Table4 Acid tolerance of different strains

75 WS pH3.0 ODggpum pH4.0 ODgoo nm PHS.0 ODgo0 nm
1 ccl 52.88+0.11° 60.84+0.22"  88.08+0.16"
2 cc2 43.02+0.15 51.26+0.12"  83.36+0.20¢
3 ce3 41.66+0.11" 56.36+0.06° 83.02+0.12¢
4 cc4 50.02+0.18°  59.85+0.10°  88.70+0.11°
5 cc5 49.19+0.15¢  59.16+0.16°  87.28+0.23°
6 cc6 38.66+0.14°  50.13£0.218  78.22+0.25¢8
7 cc7 49.02+£0.08%"  58.14+0.37° 87.56+0.41°
8 cc8 50.77+0.13¢ 60.40+£0.12°  88.63+0.22°
9 cc9 52.95+0.11°  61.02+£0.15°  88.12+0.12°
10 cclo 52.18+0.06°  60.04+£0.22°  88.39+0.17°
11 cell 40.06£0.13"  56.12+0.20°  80.24+0.18°
12 cel2 52.1240.12°  60.78+0.11**  88.28+0.12"
13 ccl3 45.12+0.18' 56.3240.29°  85.32+0.32°
14 ccl4 38.8240.12°  50.64+0.14%8  80.32+0.37°
15 cels 48.86+0.08%"  58.03£0.17°  85.33%0.29°
16 ccl6 49.08+0.10%"  58.02+0.19° 87.58+0.15°
17 ccl?7 48.78+0.17"  57.88+0.12¢  85.26+0.27¢
18 ccl8 38.64+0.12°  50.18+0.10%8  79.18+0.19"
19 ccl9 38.84+0.14°  50.68+0.11°  79.25+0.14"
20 cc20 38.68+0.11"  50.52+0.15%8  79.68+0.26
21 ce21 43.20+0.17 56.53+0.21°  85.28+0.11°
22 cc22 52.42+0.25° 60.68+0.27* 87.89+0.21°
23 cc23 39.88+£0.17°  51.19+0.18"  80.36+0.19°
24 cc24 40.3240.12™  56.02+0.22°  83.72+0.14¢
25 cc25 49.12+£0.13%  58.66+0.22°  87.24+0.28°
26 cc26 49.55+0.12F 59.78+0.21°  88.33+0.26°
27 cc27 50.00+0.12° 59.84+0.16°  88.06+0.12°
28 cc28 42.24+0.11° 56.32+0.23°  83.04+0.43¢
29 cc29 39.7240.16°  51.24+0.18"  80.25+0.11°
30 cc30 39.62+0.12°  51.18+0.157  80.16+0.12°

o FSIAF/NE FRERR B EM 2R (P<0.05),
Note: different lowercase letters in the same line indicate
significant differences (P<0.05).
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PR AR A2 M . AS[R] k1 IE R 0 52 B8 )
e L . 4/ N NT VAN 77 RN S
T 0.03%~0.3%, Ktk , 15 g 25 6 M FLRR T4
WAIRRETE 0.3% AR Eh i B PR 8 A1 IR A K o BRI PR
I NBER TN 2 WK 5, [RIFESSEFE 24 h, 15 tRIEHY
AR ETE O G FR AR &, 755 0.3%/0R
KR bR ke, Hodr, ccl HERMNAZ MR, M
35.68%, = T84 POKFFIE IR 40 B i 2
A FLBRFTF 7 , ce1>cec9>cc5>cc22>ccl2>ced>cc8,
X7 PREARIRER T 32 PR, REAE TN 32 0 1L 18 1Y &
NHERIASGE , IR E i/ B3k KW

*5 AEEMHMEDLRG IS
Table5 Bilesalt tolerance of different strains

F6 HEHREEENENE
Table6 Physiological and biochemical
characteristics of strains

SR Al gE| ccl cc4 ce5 ce8  cc9 ccl2 cc22
g g 52 46 - - - - - -
T L S SE 5 - - - - -
I WA K - - - - -
2 flh i S - - - - -
Bk - - - - -
15 CHEK + + + + + + +
45 CH:K + + + + + T +
MR SCH (pH=4.5) + + + + + + +
Mt Eh 528 ( 6.5%Nacl) +  +  + o+ o+ o+ +
T T 5 3 it B i o+ o+ o+

BbE  0%MHERRE  0.3%MHERE IEEAN

F5 L 4ok o,

95 /(m/V) ODggom /(M/V) ODgoonm 11 2 14E/%
1 cel 2.16+0.02 0.77+0.02 35.68+1.28"
2 cc4 2.29+0.01 0.76£0.03 33.13+1.32°
3 ccs 2.68+0.02 0.92+0.05 34.36+2.15°
4 cc? 3.09+0.47 0.7120.04 23.24+2.22°
5 cc8 2.63+0.02 0.87+0.06 33.08+2.54°
6 cc9 2.51£0.30 0.88+0.05 35.22+2.11°
7 ccl0 2.67+0.31 0.53+0.01 20.05+2.64¢
8 ccl2 2.81+0.01 0.95+0.08 33.82+2.88°
9 ccls 2.72+0.24 0.47+0.05 17.28+3.26'
10 cclé 3.20+0.31 0.62+0.04 19.56+3.12"
11 ccl? 3.01+0.01 0.77+0.08 25.53+2.64¢
12 cc22 2.71£0.03 0.92+0.05 33.9242.12°
13 cc25 1.40+0.01 0.310.04 22.1242.82°
14 cc26 2.99+0.28 0.49+0.07 16.62+3.86'
15 cc27 1.94+0.05 0.32+0.05 16.5442.95'

e FSIAFR/NE FRERR B E M 225 (P<0.05),
Note: different lowercase letters in the same line indicate
significant differences (P<0.05).

2.4 HRRRIAEIERE LIS
241 MR BIRIESRHE
W MEE, T HRERIES -8, 2R,
WK/ R 13 mm, JEREFAE ., FE ., 1%
I REOGHE, A2 S HES T AR,
B CY A R HME, R
2.4.2 A BEAALKI
ARSI ISR 6, HAEREH, X 7 &%
[ L | L SN R A= =73 {3 M vy} A S 0T 7
WAL R, Nizgh, BA Rk,
WAL @ R FLATHEE .

TE: SRS 7 R, BIENRMS -7 R
Note: masculine gender is represented by “+” and feminine
gender by “-".

25 HFkHI 16SrDNA £F

Tk 7 MRELEE A ccl, ced, cc5, cc8, cc9,
ccl2, cc22, H: 16SIDNA [FFIHK 43510 1 454 bp,
1468 bp, 1457 bp, 1467 bp, 1467 bp, 1450 bp,
1439 bp, K HAEAEF] Genbank 28 BLAST LA},
RAERKBWERIWE 4, ccl MFEHHS
Lactobacillus paracasei (MT613527.1) 5%, cc4
) £ % P 5 LimosiLactobacillus fermentum
(MW405853.1) fix % i , cc5 W E LG M5
Lactobacillus harbinensis (MW405854.1)5z %31,
cc8 Hy 3 % P 5 Lactobacillus fermentum
(EU419595.1) # 4% L , cc9 W R & M 5
Lactobacillus fermentum (MT611890.1)# 4%t ,
ccl2 ) 3% % 5 Lactobacillus satsumensis
(MW405857.1) #5c 4% 3T , cc22 M E %M 5
Lactobacillus fermentum (MT641196.1) 33, #H
RIEEI>99% ., 45 & MAMBHAILA | A AR AL S8
% 2 168 rDNA 1973 T P&, B2 %E5E ccd
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