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Isolation, Identification and Evaluation of Probiotic Property of Enterococci from

Traditional Koumiss in Xinjiang

ZHU Haoyi, LIU Qingling, ZHANG Zhe, ZHANG Jingyu, NIU Siyu, LI Tao, LI Jing*
(Tarim Animal Disease Diagnosis and Prevention Engineering Laboratory of Xinjiang Production and Construction Corps,

College of Animal Science and Technology, Tarim University, Alar ~ 843300, China)

Abstract: To further explore probiotics in koumiss, traditional koumiss collected from the Nanshan area of Xinjiang was
taken as the research material. Enterococcus strains were isolated and screened therefrom, and their safety and biological
characteristics were assessed. Based on 21 indicators, principal component analysis (PCA) and Z-score comprehensive
scoring were applied for the comprehensive evaluation of probiotic properties of all tested strains. The results showed
that a total of 10 lactic acid bacteria were successfully isolated and identified. Among them, a strain 7879 was identified
as Enterococcus faecium, and the remaining strains were classified as Enterococcus lactis. Safety evaluation revealed
that all 10 Enterococcus strains presented y-hemolytic activity and were susceptible to the most commonly used clinical
antibiotics. Biological characteristics revealed that the strains had consistent carbon source utilization profiles, stable
growth and acid production patterns, and heat resistance at 40—50 °C. Comprehensive evaluation results demonstrated
that the strain 7876 obtained the optimal comprehensive score. Its cell surface hydrophobicity was 85.83%, and the
autoaggregation rate reached 58.05% after 8 h of cultivation. The survival rates were 62.77% at 60 °C and 59.37% at
pH 4.0, respectively. This strain exhibited excellent acid resistance and bile salt tolerance, and presented inhibitory
effects against Staphylococcus aureus, Escherichia coli, and Klebsiella pneumonia, with strong potential for intestinal

colonization and in vitro antibacterial capacity. In conclusion, the screened Enterococcus strains had favorable safety and
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superior probiotic properties, which can provide high-quality candidate strain resources for the development of probiotic
preparations.
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Table 1  Antibiotic susceptibility test results of Enterococcus
isolated from koumiss

RS

WER 7866 7870 7871 7872 7874 7876 7877 7878 7879 7958

UEZS S
(30 pg/ )
(& EE
(30 pg/Fi)
EZEISS
(30 ug/ i

LARR
(15 pg/ Fid
VAT 53
(30 pg/Fi>
(30 pg/Jid
(50 ug/ )
EINGRL
(5 ug/Fid

FlHE
(5 ug/Fi
SRR
(2 ng/F)

HHER
(10541
FRTE
(10 ug/

1 S S S S S S S S S

S S S S S S S S S S

S S S S S S S S S S

S I I 1 S S S I I S

S S S S S S S S S S

Ee: Ly SHUK.

24 FEREEERED) FRAEEAY
241 WOKWEYIKIGES
A2 WRIBYSD S BIVER E IBKAE 5P R G )

Table2  Carbohydrate fermentation capabilities of Enterococcus
isolated from koumiss
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Fig.4  Growth curves (A) and acid production performance curves (B) of
Enterococcus isolated from koumiss
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Table 3  Thermal resistance characteristics of Enterococcus
isolated from koumiss
‘ TR I%
I

7866 7870 7871 7872 7874 7876 7877 1878 7879 7958
40 105.14 100.04 96.61 112.49 108.71 99.75 117.40 107.02 100.74 99.43
50 11537 8520 93.66 105.90 106.52 109.35 101.49 121.21 92.83 119.51
60 2522 1937 14.92 16.65 37.66 62.77 31.52 20.69 11.74 19.41
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Fig. 5 Hydrophobicity (A) and autoaggregation (B) of Enterococcus
isolated from koumiss
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Acid-resistant and bile salt-resistant characteristics of
Enterococcus isolated from koumiss

7866 7870 7871 7872 7874 7876 7877 7878 7879 7958
pH20 1011 0 0 2352 3320 4323 1251 3391 1385 21.54
pH3.0 3162 1331 2253 3126 5128 4971 3318 3981 4210 31.87
pH4.0 51.81° 31.52° 32.80° 33.82° 58.09° 59.37° 49.16™ 49.26™ 50.18° 32.44°

0.3%
R

0.5%
2

VE: [FEITNEEREARIFRIRZE R BE (P<0.05) . RS-

Table 4

2121 11.95° 31.23" 22.50° 31.52° 31.88° 22.03° 13.51™ 51.58" 52.32°

11.54 1070 2174 2146 21.56 10.54 20.15 10.51 41.54 43.22

2,53 HMETEE

PAERE R AR R AR dRE. RN
WEWEZPPLEAREY, EEESEREEEEA
JUREMEETERT, RS T, R A AR X 3 R EUR
PR R 22 5 0 3, TR PR 787054 4 3 €6 73] 67 BR B 11410
B R (29.94 mm) , HIKA7878 (29.48 mm) ;
PE7879%F KA AT B (4 B Bl B K (27.40 mm) 5 AT 6
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RN 4 B (O AT ER B . KA B B il 48 7 75 1A 1 1 0
ER B, RO IS R E R M SRR IR I . 4%
b, HKR7870. 7878, 78794 ) REIE 1.

FE5 IHERE G SO B B T

Table 5  Antibacterial activity of Enferococcus against indicator
pathogenic bacteria

A E A /mm

HbRGH5
7866 7870 7871 7872 7874 7876 7877 7878 7819 7958
ﬁﬁé%ﬁﬂz% b a a ab b b ab a ab b
ATccny 267 2994 2684 2420° 2268° 2032 24137 2048 2555° 1941

KIGHF &
ATCCasop  2MI6 2363 2451 2399 2379 2323 44 2544 2740 173

TR s

ATCC 700603 2150 2352 2517 2646 2225 21.09 2082 23.12 2474 2291

2.6 TR AT IE

N LR A A MR R B AR, AW 108k
EREAE 21 48 bR 4T PCA 5 Z-score 28 & it 75 HIR6T]
Hl, BT4ANPCRTHT ZTTMk R IA81.31%, 7 H U B
RS B PCIRRAE B Wi f7iE 5 e/ RE /), PC2IRIN
JN TR 52 50 TodE M, PC3. PCA%Y HI%F B 40 B G 1 5
PEERTERE . HPEART876. 7874, T8667E E K 5N %Mt
JHRIEE, #7870, 78714 A AR T .

#6  PCELAGTHIFE. FFARMIAIT 2 siik &K

Table 6 PC loading matrices, eigenvalues, and variance
contribution rates
EiE00 PCI1 PC2 PC3 PC4
B /K PE 0.31 0.06 0.13 0.28
4hFEBER 0.31 —023  —0.11 0.10
6 hF BEER 0.29 —023 —022 0.15
8 hH HELEZR 0.30 —025 —0.18 0.12
40 CHHER 0.06 0.29 0.24 0.24
50 CAAEH 0.25 0.00 0.02 0.20
60 CAFIEH 0.28 0.23 —0.17  —0.17
%ﬁ@@ﬁ?éggc 223 029 018 016 0.5
A gﬂ'%% %%25 922 —0.13  —004 052  —020
Hm&ﬁf&%%ﬁg 700603 o516 —033 020 0.22
pH 2.077i% % 0.34 0.08 0.20 0.06
pH 3.0773F % 0.30 0.08 0.26 —0.22
pH 4.0/7i% % 0.22 0.30 0.11 —0.31
0.3%H ERAFIHH 0.09 —0.40 0.12 —0.36
0.5%H EEAFTH R —0.01  —0.42 0.23 -0.20
AR —027 —0.19 —0.26 0.14
FERR —0.07 0.04 —030  —0.52
B2 0.00 0.04 —0.11 0.00
ABR —0.09 0.23 —0.07 0.08
NS —0.06 0.15 —027  —0.09
HER —0.14  —0.03 0.10 0.09
FFIEAH 7.00 3.31 2.57 2.29
T3 TR %o 37.50 17.76 13.77 12.28
Bty TR % 37.50 55.26 69.04 81.31

HE6METAI A1, WA WG IEREE.
FRT87T6 I & i (2.70) , HEARKRIEIHT;
FHk7874 (1.07) 57866 (1.05) Rz, RILHLL R
M B S ke . 28 BRTIR, BAKT7876. 7874, 7866
TETR BRI RE &5 . il e Al . SIS e e ek R
AR S, WA R R T R R i 2B B 1) RO R ) A8 A i
[Eh7

A

049A RGE  FWHE G
’é UES o ;
0.2 q
1‘3_ ® s . oo
= 0.0 VY gt
: _0 2 C 8h
8 ’ i M{L"g”g';‘ 0.30%f 4
—0.4 B SEEAE 1 0.5%l 4 J
ATCC 700603
T T T T T 1
—04 —02 0.0 0.2 0.4 0.6
PC1 (37.50%)
1004 B
7.5 1
il
= 50+
S
2.5 1
0.0-
E F D J A G H I B C

AFFK7866; B.EKKT870; C.EFK7871; D.#kKk7872; E.JFKKk7874; FI#kk
7876; G.HMK7877; H.FHKTS78; 1LEkK7879; JIAKKT958.

6 10BKIAFK 215055 bR PCABLERE (A) S
JA ISR (B)
Fig. 6  PCA biplot (A) and hierarchical clustering dendrogram (B) for
21 probiotic indicators of 10 Enterococcus

#71 WS RENTEF

Table 7  Factor scores and ranking of comprehensive scores
Btk = F, F, F; F, Z-score i
7876 4.70 1.34 0.67 1.39 2.70 1
7874 2.89 —024 —0.86 0.14 1.07 2
7866 0.00 3.26 2.11 —0.75 1.05 3
7958 2.07 —2.33 2.05 —0.86 0.60 4
7877 —0.77 245 —1.65 1.09 0.10 5
7872 0.78 —220 —0.75 —256 —0.67 6
7878 —0.49 0.38 —336 —1.05 —0.88 7
7879 —1.70  —2.69 —0.60 2.86 —1.13 8
7871 —3.09 —0.99 1.78 0.66 —1.18 9
7870 —4.33 1.02 0.60 —0.92 —1.67 10
3 4 #®

ASHIE T HT S R L A% LR T Wy v o 1 4 E Y 10K i
BREE, HAPOMONILmERE, IHONRBERE . T A Bk
P gy- L, 0 2 Bl PR H R AR R UK, R A —
8, ERKEFRMERRE, 40~50 CINAMERL . FT
VR LR G PEIT R, WIFRT876%5 & m AE P BERR AL,
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FRmgKYE . BBHERE ). BRI AH R A8 /7 S 30 B v 1k
PRBIR . ABFEE TR S Y A W SR, N
mi AR HTT ARG T OCRRIE R R 5 Sl T Rk T
PRI P9 2t A RCRI0IE Sz Tl 2B 7= T ZWHIE .
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