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Analysis of microbial diversity in Kefir granules from different sources and
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ABSTRACT: Objective To explore the microbial diversity among 4 kinds of Kefir granules from different regions.
Methods Traditional separation and purification, molecular biology technology, high-throughput sequencing and

other methods were used to explore the microbial diversity in Kefir granules from different sources. The 4 kinds of
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Kefir yogurt were fermented with 8% inoculum. The protein content, total acid, pH and water holding capacity of yogurt
were analyzed and compared, and their texture characteristics were determined by texture analyzer. Results At the
species level, the dominant fungi shared by Kefir granules from 4 kinds of regions were Kazachstania unispora and
Kluyveromyces marxianus, and the dominant bacteria were Lactobacillus kefiranofaciens and Lactobacillus kefir. There
were a total of 35 operational taxonomic units (OTUs) in fungi, among which 4 kinds of Kefir granules had a total of
3 OTUs. There were 12 bacterial OTUs in total, of which 3 were common to the 4 kinds of Kefir granules. German
fermented yogurt had good viscosity but with high acidity, and Chinese fermented yogurt had high chewiness but
with poor water holding capacity. Russian fermented yoghurt had good water holding capacity and most texture
properties, but its chewiness was poor. Fermented milk in the United States had the highest protein content, but poor
texture properties. Conclusion This study reveals the microbial diversity of Kefir granules from different sources
and its significant impact on the quality of yogurt. Chinese Kefir granules, with Kluyveromyces maximus as the
dominant strain, endow yogurt with unique flavor and high chewiness. German samples show excellent stickiness,
but their too high acidity required process optimization. The differences in microbial communities directly lead to

regional characteristics in the physicochemical and textural properties of yogurt, providing a theoretical basis for the
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targeted screening of Kefir agents.
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Table 1 Total number of microbial colonies in Kefir granules
from 4 regions
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(g 9.05+0.02° 6.50+0.11° 8.65+0.07°
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bR, HLoreiaifbE] 4 B, 6 PREELEEE, TEARHERK 26S
rRNA JFHI LR 25 53R 2 iR .

Xof F R OB A 2L R T B LA A P 1 4 S, SRR
FERRLR Ay H T 3 BRIFAE /R FLAF B (Lentilactobacillus
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Table 2 Morphological characteristics of isolated yeast and sequencing results of 26S rRNA sequence
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Table 3 Morphological characteristics of isolated bacteria and sequencing results of 16S rRNA
B FP 2 R BATE M B G SRR NCBI & &5 e
FFHE/RFLAF I JKS NEAEFFHR . AEW . R . BE. 18 PV902479 B35
IR [ A BR TR 2279 NG, AEY . Y. BE%. RuDGHE . B PV902480 EH
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A GBS G2-5 NG ETT . REW . BB, BB, Wi PV902482 it =]
HERIRFT A NM156-4 GRS B . Y . AL iR PV902483 15

(Acetobacter malorum)
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Fig.1

HSRRAEEERE 2279, ®EMRITE G2-5 DL S RES
AT T NM156-4 [ 352 06 R AR UGE I, Bk B R G R T
) B RS, SRR

22 ETERENFREANFIERPHEDSHF
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2.2.1

Kluyveromyces marxianus 27-Y (MZ466400.1)
Kluyveromyces marxianus 2-2-3 (MW969712.1)
Kluyveromyces marxianus ULAGS521 (OL845917.1)
Kluyveromyces marxianus BR10

Kluyveromyces marxianus LM081 (AB617981.1)
Kluyveromyces marxianus IMAU4Y 068 (QH21-2) (GQ121514.1)
Kluyveromyces marxianus IMAU1Y030 (WZ6-4506) (HQ262316.1)
Kluyveromyces marxianus DMKU3-1042

Kluyveromyces marxianus (U94924.1)

Kluyveromyces marxianus DX3-3 (GU565206.1)
Kluyveromyces marxianus ABM5032 (HG532108.1)
Kluyveromyces Y .LII1125

Kluyveromyces marxianus Km3 (OM854771.1)
Saccharomyces LSY12-3 (PP391710.1)

Kluyveromyces KF4 (11)

Kazachstania UFMG-CM-Y7101 (OM321331.1)
Kazachstania unispora CZNJM-8

Monosporozyma PYCC 2502 (MW316685.1)

Pichia fermentans BR41

Pichia fermentans TEMH4 (KJ413160.1)

Pichia fermentans IMAU6Y016 (JZ5-4) (GQ121602.1)
Pichia fermentans IMAU4Y 077 (QH24-2) (GQ121523.1)

TFAEIRBL R 70 B BB BE TR R G R T

Phylogenetic tree of yeast isolated from Kefir granules



300

B AR

=X
H

LRI CIRVES

96

96

100

Lentilactobacillus kefiri JK5
Lentilactobacillus kefiri CAU:3117 (MF354344.1)

Lentilactobacillus kefiri KF34 (MH549130.1)

100

96

96

100

100

Lactobacillus kefiri BD4 (MT613701.1)
Lactobacillus plantarum KLDS 1.0607
Lactobacillus plantarum 1856 (MT597683.1)
Lactiplantibacillus plantarum F7 (PV577917.1)

Lactiplantibacillus plantarum A3 (0Q096523.1)

100

100

96

96

100

Staphylococcus warneri 2279

Staphylococcus GR 5-07 (KM253075.1)
Staphylococcus H16 (OK584337.1)
Acetobacter fabarum G2-5

Acetobacter fabarum R-36330 (NR 042678.1)
Acetobacter fabarum Afl (MN909084.1)

Acetobacter fabarum KACC 22365 (ON746604.1)

97

Acetobacter malorum NM156-4
Acetobacter malorum S50-4 (HM217993.1)

Acetobacter malorum LMG 1746 (NR 025513.1)

B2 JFEEIRR R 2 B IR B R G T

Fig.2 Phylogenetic tree of bacteria isolated from Kefir granules
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Fig.3 Fungal dilution curves of Kefir yogurt from different sources
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Fig.4 Fungal community structure at the species level of Kefir
yogurt from different sources

FET OTUSs /K P [RIFF FE R RLA 5 R 7% L DA A 3 1 Al
B w24k R (non-metric multidimensional scaling, NMDS)
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(P<0.05). T8 E 5% Wi i FFHE R BR ) B B VR IO AR AR 1
Bz, RXPIADFEARY R A SR, FEE . R
HFFIE/R RS SEE | o B IE/R R S 7E NMDS J5[n] |52
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Fig.5 NMDS analysis and Venn diagram of fungal communities in Kefir yogurt samples
from different sources based on OTUs levels
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FF OTU K PASIRIFF AR R 5 R W5 B i 41 B B
fl) NMDS 2 HrinE 8A FifsR, JESE/NTF 0.01, BEBHAIH
TFER B IRRR WS FEALEAN T OTU KV A RAF I HET
T S R X B T IR R AR TR R A
B, ULEARX 3 RO AEZRRLAN A AL ORI P A T
FEIRRL T A B VR FEAS A S A IR B A, 2R R
[fi] P 3 2R KL K U5 R W5 AE b B AN RE TS A 22 R B E
(P<0.05).

Wt Venn [E 43T A 5] b X SE R 40 B T 445 Ak
ARy OTU B H UKl 8B rn. Mg Rl LIE H, A
) OTUs 3t 124>, Hor 4 FporFE/RBLAT 415 OTUs £k
34 EEMX IR R A E R 3 A PEFE
IRBE AT AT A 2 A, LS SR Wt X P 3E R bL



302 B2 A TR R I 2 e 174
A 0.14, o it 5] B
0.12} =S|
0.10+ § :ﬁﬁ?%ﬁ
0.08} g
0.06 - 1t
0.04
2 002} W
2o
= of
“ 002t f:;\
—0.041
—0.06F
_8:(1)3 L JE S 0.002, R=0.6481, P=0.003000

—-04-03-02-01 0 0.1 02 03 04 05
NMDS1

H: A YIRS NMDS 2047 B, #EREV% AT Venn &,
K8 T OTUs AKFA SR IE I FE/R R YHFE 5 AN B AE 7 1) NMDS 4371 Venn [

Fig.8 NMDS analysis and Venn diagram of bacterial communities in Kefir yogurt samples from different sources based on OTUs levels
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yogurt from 4 regions
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