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Abstract: The investigation of microbial diversity and its correlation with free amino acids (FAAs) and fatty acids (FAs) in
mare's milk from Northern Xinjiang plays an important role in food industry. In this work, the advanced methods including
metagenomic sequencing, ultra-performance liquid chromatography-mass spectrometry (UPLC-MS), and gas chroma-
tography (GC) were employed to profile microbial communities, FAAs, and FAs across regions, respectively.
Subsequently, the regional differences, as well as interactions between dominant microbiota and nutrients were further
evaluated using orthogonal partial least squares-discriminant analysis (OPLS-DA) combined with Pearson correlation.
Results revealed that distinct microbiota structures could be found at the genus level among the three regions, with
dominant genus of Lactobacillus and predominant species of Lactobacillus helveticus, Kazachstania unispora, and
Kluyveromyces marxianus were identified. In particular, a total of 35 FAAs and 27 FAs were quantified in mare's milk
within three regions, with significant regional differences (P<0.05). Among above FAAs, glycine, alanine, arginine, proline,
valine, taurine, palmitic acid, oleic acid, linoleic acid, arachidonic acid, and myristic acid were proposed as region-specific
markers. Additionally, the significant positive correlations (P<0.05) between three microorganisms (Acetobacter
pasteurianus, Lactobacillus helveticus, and Lacticaseibacillus kefiri) and 22 FAAs (leucine, lysine, y-aminobutyric acid,
etc). The similar positive correlations (P<0.05) also could be observed between Brettanomyces bruxellensis and 10 FAAs
(alanine, arginine, etc). The above positive correlations among Lactobacillus, yeast genera and FAAs indicated the great
contributions of Lactobacillus and yeast genera in formation of polyunsaturated fatty acid. Notably, Lactiplantibacillus
plantarum and Brettanomyces bruxellensis demonstrated the strongest positive associations with fungi and bacteria species,
respectively. These findings provide a theoretical basis for optimizing mare's milk quality through microbiota regulation.
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Fig.1 Experimental computer operation flowchart
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2.1.1 R AR X LS54 Alpha(a) Z2HE10E
SIRT o ZZAEPE R B TR =ML X S FLAY R 2
FEMEFNEE 5 B, observed species(Obs) 55003 H XL

1 ARMIX DFL PR
Table 1 Microbial community diversity in mare's milk from
different regions
FEA Obs Shannon Simpson Chaol
AX1 1844 1.604 0.629 1845
AX2 1871 1.557 0.614 1872
AX3 1929 1.636 0.644 1929
AS1 1506 1.326 0.531 1506
AS2 1585 1.493 0.578 1585
AS3 1440 1.203 0.496 1440
TX1 1163 1.847 0.708 1163
TX2 1159 1.851 0.704 1159
TX3 1159 1.790 0.686 1159
TS1 1618 1.201 0.498 1618
TS2 1721 1.310 0.527 1721
TS3 1732 1.317 0.529 1732
YX1 1560 1.709 0.661 1560
YX2 1513 1.707 0.666 1513
YX3 1599 1.713 0.663 1599
YS1 1188 1.419 0.573 1188
YS2 1200 1.399 0.567 1200
YS3 1195 1.400 0.567 1195
a 1.00
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b

AT
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MIE . HFe 1 A, B 6 O ZLREAS v g2l
Y1y Obs #8EUF Chaol ¥5EI = T H AL L FLAEAR,
TP R EE SRR RE YRS EE E RS . &
et T U REAS H 34 9 Shannon 38441 Simpson F5
Bty T HAM S ZLREAS, RIS 2L b i E Rt
VR AR R 5] B By o BT s e T LA AR
Shannon F5EF Simpson F5 ECA S B 75 B IR A BE
KR TAE I S AR AN 5] B
2.1.2 Hrimh X LRSS AL T RE Y
PP oS RE, LEXT NR 8828, 3RS /A iy
B IEEKTE(F 1T N B BE B R0 8RR
FEREEAE R ddid NR @R R e 1 60 41T,
90 49, 170 41~H . 315 PFL. 777 & 2995 Fi,
R T AU B T R SRR e S e
AT . RUBR AN LE AN, SRR SRS T ARt AN A i
X 2L B RS, BEBUR AR AS AN R S22 2%
A AH X T BERT 10 (99 BB, IR A iy W R ik Sl
Others., & 2a A, = X SZLAGEE T T R
JEEEE ] (Bacillota) , AHX 3 IR F 65%; Bl #h 22
TRLAEE R R AR T (Pseudomonadota),
FHXTFRE N 18%; AR LMY Es — BB 1 T4
Wl 1(Ascomycota), FHXFTFREN 3.4%, X5 OYUN-

1.00
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Fig.2 Distribution of microorganisms at phylum (a), family (b), order (c), and genus (d) levels in mare's milk from different regions
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£} (Lactobacillaceae ) ; 3k ff T 2L AN B & 2L AY
25— Rl 4EER BB (Streptococcaceae ) , AH%T 3
BESA 11% Fil 14%. Bl f th 3Ly o — 2R N
EEAT Bl (Acetobacteraceae ), FHXT R 13%.

F & 2c~& 2d ATHT, =AHBX 2Ly EZH N
¥LA#T B H (Lactobacillales) , 3= 2 J& i ZLAT 18 )&
(Lactobacillus ) ; Tk E T L AP ALt T 2L 58 — 32
2@ M FLER W ®E (Lactococcus) , FAXT FRE N 11%
T 13%; Bl 2 fif T 2L A 58 — R 228 SN S AT TR S
(Acetobacter), FHXTEE N 12%., MEL. H. JBAKF
AT LAE Y, ASTa] DX 6 5 2L B e 4 A0 B 2L 25 5+
P, Ik T L AR 5] B B vy, HEIAS [ L X )
B IAEE IR MR L KUE T DL RS i e T L
G . AN, A SRR P A A E R
P B B, U0 BR BB ( Enterococcus) . W5 AT B &
(Enterobacter) . v 35 A B )& (Klebsiella) 45, H T-fif
I3 R R R R AR T RS TR AR MY, O HR
R RS Rl =12, Bl e 2 5 22 25
Wy, AR EPRGCANMAFE T =0 R R nR ),
PECATELS AP AAAESUR T . BCEBTYIAIR 2L A

a 1.0q

0.8+

0.6
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0.4+
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W R ARG A S5, A1 By T oai Dl S S0is 1A
FYT5 4L, ST SR S A BT A
ASHIFFE = H IXAEAS H e BN B Al o R
e T E YR, (B U R B R EZL AR b A
AR A5 B AR, W RE ) A B () J5T o
fite A WARIITR , B e 22 DI TR AR SN A 7 D5 B R I RIS
Yy, [RIA, R IA e S5 ZLRR B PMEIVE ], JLIE) i
S BT, PUITT A R i 2 R A5 1 . S BT
i B T A B A, ARG AR I ER R R RE
B 10 BY B A, i & 3a mT o0, 5 BT B9 A E
+FLAT B (Lactobacillus helveticus) . FLER FLER B
( Lactococcus lactis) . 7= 77 Bt #F & ( Acetobacter
orientalis) it AJ# R (Enterococcus durans) . FLEG
iti ¥T B8 (Acetobacter pasteurianus) . F¥3IE /K Ik i FL,
¥ & ( Lactobacillus keﬁranofaciens) CERBAME
( Enterobacter hormaechei) . 35 M FLFT 5 ( Lactoba-
cillus crispatus) . FLWH B ER T (Leuconostoc_lactis)
AW FLAT B (Lactiplantibacillus plantaru) . M45FE
A fIFRK- FoRTE, SRl RN R FL
AP, PN DTS5 RARL . i 2 LAT B 2 —
Foh ) B A 1 . WEFRANLHA e 2R /K i BB T M FLIRR B
TR L b HA s s FIIREE £ K A
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B ¢ Lactobacillus;s_ Lactobacillus_kefiranofaciens
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W g Acetobacter;s__Acetobacter_orientalis
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" g Wickerhamomyces;s__Wickerhamomyces_anomalus
M ¢ Naumovozyma;s_Naumovozyma_castellii
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Fig.3 Distribution of bacteria (a) and fungi (b) at species level in mare's milk from different regions
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FHECE KR AEVE P, Wil /K 8 RS A= s
PRI R FE R PEVET . PUE MESEDIRER! . Bl 2t
TZLAAR T BEATEE, Bl 8 2 1 o5 2L g 00 LA AT, B
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FFERIGT0 25 B L IX S 2L RS Te . AR T B AT
AT LRSS AL R TR, AEZLH =5 ki, 7
HERZS | EESSAE IR 5T, $EHFLAL A BT, FLIREL
BREEFLE T A/, P AR bR
T ARG IR o 0 b BE R B, A XU, SEZE N
A A 2

TE BB A KO B HCE S BERT 10 AP, B
Kl 3b A] AL, T BERT YA v R v S Y R
(Kluyveromyces marxianus) . FA.fE M 5% oo W tH L)
(Kazachstania unispora) . A & ZE /R 7 ¥ £ ( Bre-
ttanomyces bruxellensis) . 222k B {355 (Gigaspora
margarita) . 2 i 2 58 & 4k % £ ( Kluyveromyces
dobzhanskii) . Wk B K5 85 %+ ( Ogataea philo-
dendri) . "CIRAREE (Rhizopus arvhizus) . RETZ=Fi#
TR G L (Naumovozyma castellii) . 75 8 a7 i
B2+ ( Wickerhamomyces anomalus) . V-5 (R 24 B+
(Candida inconspicua) . MAEFEASL FIFI K Lk
&, Pl 2 et o LA SRR T L DA LA o SRS
B e T P B, BT R R Hh L . PR AR Th 2L L AR ALR
Ty L RN Ik e T 2L ) PR A L TR Sy o S e e 4 1
B, WFFERU, BRAURE R s i B A A T
Wb, FE SN R AR D, ERE RIS 2L I EL
W HIEPPESENESS, P A Z2 A E SRR AR TR, AN
BEAR T S5FLAY pH, S0 FH R A, 18T S5
TGS ) B R IR A€ 11 B2, By g e Ak e R AE
FLi S A T AR b, AT LA 2R o5 B o, T3
il d AR XUSRARR 22, HOR ) M A F P v
IAFAEREDS | SRS . RIS | SR (ISR 4E
AR ARERAZ TR . . ORI BEEER . Pk
HEG YL EPY, LA Y IR A sk A T Re
FrE
2.2 EERERRAASAAEE ST

Ui 2 A B PR AN B S e 1Y) 3 SR A EL, 1B TT
Z 5 AR, A=K e FaeR", [R B peiAk
B F L 1R L T IR A RIER, A BT RUBR TR B,
I AE SR S A RN AT AR, Sl S e e A
B RIRE RN AR . B B LA RS NLS 1Y
RUAA) 5T b F A AR 8 XU RIS, PAITTTE B
P RIEZ R, RER 2 AT, A HB X S FL
FRHSE Y 35 Pl g 2 LR, TR 2 SRR 8 P, AR
T ZAEIR 27 Fb, GBI Szl e s U o B o,
isF] 11107.81 mg/L, FHALE )2 AE A5 Hb X e B AF
AR i S A FEMR S i, IR F) 8277.32 mg/L, Ui
R LA BT 5 EURL L TR A DG . BT SR e
ANPR LR B 2 LR S i /0 4114.03 meg/L A1

9405.37 mg/L; ¥kt o FLANR S L i 2 a0 R
59k 3466.25 mg/L Al 8473.69 mg/L, — P HiLIX
P S LR TR A B8 2 R o 5 25 e i 55, DA
AHB XA ) B, MR T e R e A
{8 LSl e AR 2 R . B R R Sy 2L s 2
Fems A B e, 5% 2110.59 mg/L. 7S MREA
SR NZTR . K28 . T2 . 40208 AN A i iR
RS, MR LRI 2 2 R, FARS s,
FLER S RLA LA I 6 Pl Bs s e o i i s I . H
kG IR AN AR R HL e I LT, RS R e T4
PR Y, TG YT m EAE IR Z SRR b A
. RIS . BEEITOIRE A KRNI NS aERT It
Sh, ] DR AR A K AT, B iE, $em
HUAR SR RE T3 31 H IR 25 R i R AEBO . Al 2
HUAR N & = E & U B 2R, o) v PO i
JRoRl, B s b E I, WS eRs ) . AR 1% 57 5
TIgelPY . FESFLIIA B M SR LR, Hoh
SR GRITA, BB AAIC, X EHMR sTmk i 25 . P22 Gl
W, BT R, 5 H SR PRI SR A | RS 2R (fIK
e ISR, v T B 0T, T HERE SIR RUR A 2 ) |
Jir 20 CRITR, (B4 i , A i v BE IR R I ) | 4
SR (PR, BIERAIR, S HEaa i) &g st R
P FFh S R S SRR 1 B B AR B R nT AR =
A1 X R I L T S LB R SN 5E H, ULEA TR
FLOE S VE M RVIRELA o PR Z iR S PLEH R 2
(Pro. Ala. Gly ¥Ji5;), ¥ AR (Val Fil Arg ¥75),
HHPE R, AT RETE BIR AT Eb, 38 A i XSRS AR Y
R BRI S ZLETARAR & (Pro &, Ala H4F),
R 5 (Arg F11 Val HhEy) Bl 22 B2 SR AT BEHE 35 51
SR, AERE 2R RS 2 R4V nT BeAl R e v jd%s AL
R T L R R 558 (Pro. Ala. Gly Y855, ¥R & 55
(Val A%, Arg M EERE IR RE ) BHER 5 4o XT3,
PRGN, ] RBIRAZ FRAUGE .
R Wi R AE LA v e 2 B A, LR a4 i
E S STe 174 B8 N (1L XA e | {14 £ ASAMUIE i BU B O =2 L &)
BT IR BOAGIN 43 AT, HHEE 3 A1, = i X S )
AEH 27 FRABIIAR, FLAARMRIR . YR . IR . 164
TR I PR S R R A B s v HL AT i i, vl e
AL X T ZL A RRNE RV o Chen 2504 LA [H]
LB FL T TP N D R A BA S 2L 2 PR AR L L T
B a-WRRFRZH K X SGASIST LS A — (A L
BT 2E5E, T HE S HLIAEEAT G RS Ik DX A Th 2Ly
T A HE W5 iR ( Saturated Fattyacid, SFA) #H X & & fx
151, I8 %] 53.23%, MG IR & RE R B2 RIE, 7
M R Geh, M ANE TR Bh 1 BEEIE R, PR 2 (5
ARG g, (R R A S AR [ T,
O MR RS T, B Ik b X 1 S LAY B A R g
Wik (Monounsaturated Fatty Acid, MUFA ) A%+ 1
=, 58 55.61% FAANHIIR TR SO i 45 e 5
A 2%, BEVE 1Y INURE, 25038 10 1 32 Uk, Rl Muobi g
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Table 2 Content of free amino acids in mare's milk from different regions
i (mg/L)
EA)

AX TX YX AS TS YS
PAKS TR BAIBA 0.090.05" 0.09+0.07° 0.52+0.24* 0.19+0.13% 0.01+0.00® 0.62+0.32%

S-F AR 5-AVA 0.01+0.02° 0.01+0.01* - 0.0120.008 0.31+0.05* -
RAZR Asp 13.45+1.97* 0.25+0.07° 1.75+0.94° 2.20+0.85" 1.91+0.05* 2.42+0.15%

e H Bk GSH - - - 0.24+0.09 - -

H&AR Gly 140.83423.48° 354.94+4.85 4313.64+132.15* 727.62+53.67° 11.20+0.34¢ 1290.59+55.01*

L-2-8 5T L-2-AABA 57.29+8.31° 44.33+0.30° 224.75+16.46" 92.15+12.83" 127.72+3.57* 45.36+5.06°

N Ala 363.09+45.49° 356.17+18.09° 411.31+57.30° 711.86+55.05% 425.12421.38¢ 1271.88+33.33*
K2R Arg 375.35+32.57% 342.31431.48" 417.44+10.69° 607.89+31.97% 618.84+2.20"" 672.84+31.61*
KA Asn 4.93+2.04* 2.41+0.19 5.82+0.08" 7.54+0.85% 9.16+0.40" 5.04+0.21¢
LK - 0.38+0.33" 1.43+0.51° 0.57+0.43% 0.01:£0.00® 2.05+0.76"
JRER Cit 2.78+0.22° 1.29+0.18" 2.73+0.20° 7.23+0.82% 3.09+0.44¢ 4.32+0.343
el Cys 1.25+0.05" 0.25+0.02° 0.22+0.03" 0.85+0.10* 0.32+0.06" 0.22+0.02"
a2 Cyss 2.86+0.23" 0.47+0.13° 0.39+0.10° 0.02+0.01® 0.03+0.01® 0.14+0.01*
BAIR Glu 16.10+3.24° 90.43+7.40° 71.35+2.61° 262.65+18.97* 51.18+2.57° 21.96+1.54¢
BB Gln 43.28+5.29" 38.35+2.11° 50.79+2.48° 24.08+2.21* 8.98:+0.58" 9.04:+0.44"
2124 His 3.45+0.59* 2.74+0.22% 2.3140.22° 11.29+0.74* 10.23+1.58* 6.45+0.57"
FRE IR h-Arg 3.23+0.90° 0.42+0.10° 7.53+1.10° 2.53+1.79% 0.09:0.03% 7.69+1.19*
1 VAR h-Cit 1.3540.17° 0.52+0.16° 1.93+1.33° 2.12+1.438 0.36+0.01¢ 5.9940.43"
1R 22 %% h-Ser 0.01+0.00 - - 0.08+0.02* 0.08+0.00* 0.02:+0.00®
SRR lle 6.51+0.62° 1.86£0.09° 2.68+0.19° 37.74+2.41% 7.60+£0.29% 2.07+0.04¢
RIREFE Kyn - - - 0.03+0.008 0.64+0.04* -
JLE M Leu 2.33+0.22° 0.88+0.04° 2.01£0.06° 85.51+3.06" 24.23+0.77° 7.19+0.02¢
iR Lys 12.36+0.43° 6.81+0.46° 14.65+0.92° 88.91+6.33* 33.82+0.27° 25.64+0.50¢
2R Met 0.09+0.01° 0.01£0.00° 0.06£0.01° 11.51+0.59* 3.19+0.05% 1.20+0.02¢
552 Orn 4.45+0.37° 1.90+0.22¢ 3.24+0.39" 50.85+5.09" 33.45+1.97° 51.97+1.76"
KRN EZ Phe 0.93+£0.10° 0.10+0.01° 0.70+£0.04° 43.39+1.49* 9.13+0.15% 3.05+0.06°
filiZ & Pro 369.22+19.15° 173.02+9.26° 411.54+5.73° 3542.77£179.85¢  4461.00+111.26" 5506.56+£169.974
22 R Ser 21.74+2.89° 24.53+1.28" 11.95+0.64° 7.87+0.80* 6.40+0.31% 6.03+0.25"
IR Thr 43.2445.55" 24.71+0.10° 33.06+2.45° 40.40+3.42* 18.76+0.32° 11.98+0.88¢
{65 Trp 0.10+0.01* 0.02+0.01° 0.02+0.00° 4.94+0.25" 3.06+0.44% 0.10+£0.01€
fi% 2 Tyr 10.78+3.37* 1.46+0.21¢ 6.74+1.84° 457.67+45.35% 124.98+1.65° 96.10+7.80°
R Val 1542.79459.17°  1137.61£14.36 1576.26+22.88" 1798.19+122.514 1354.02+8.27% 1020.05+84.27¢
AR Tau 1070.12£19.05°  856.50+21.17° 698.38+:84.72¢ 770.30£69.48° 1123.04+43.91* 1024.60+22.29*
B-NEATR p-Ala - 1.41£0.29° 2.10+0.33° 0.52+0.21* 0.10+0.00* 1.09+0.82*
7= I TR GABA - 0.08+0.02 - 3.67+0.64" 1.62+0.08" 3.53+1.87*

8277.324255.18°
1629.44+23.9°
6647.88+244.75*

9405.37+166.81°
2110.59+502.98*
7294.78+79.08°

8473.69+120.44¢
1453.81+9.96°
7019.88+110.63%

11107.81+265.50*
1071.28+83.77¢
10036.52+218.15*

TE: —FORARHIZITG R TR NG FRAR =X D7 25 5k 3] B2 7KF (P0.05); FFTARIR S FRH R =AM HUX IR B3 28 A 5 BT (P<0.05),

AR 4114.03+80.52°  3466.25+70.53
INTFE IR 1608.35£52.71*  1172.00+14.62"
AT H IR 2505.68+58.71°  2294.25+61.59"
F3[F,
%[36]

AL DX T S L ANV R U5 AR X5 e e
=1, IR E 64.68%, It EA A R INIGER, SRR
DHA, DHA 2K AL R & & 1 SCEEP7, B g2
Hb DX P Hh 2L Z A IR I (Polyunsaturated Fatty
Acids, PUFA)AEXT & S, 35 % 23.10%, Hornvih
i, P LA KA A BEE/EHPY, R
W RIE T BRI LR 25 Ak, IR RERE 1T LR 1k, f2mfig
A4 A KR, X i B AR IE A FE L B
BXER.
SFA :MUFA :PUFA J&PEM IR R & I B

IR, EPR_ LI A EA L) )2 FAO/WHO

HEFEMY SFA:MUFA :PUFA=1:1:1, #EiFX I
), PERAAB AT IR E FEMERR R = X A L

iz ¥ SFA:MUFA :PUFA 1 FL 4K N 1:0.96:
0.32. 1:0.79:0.09. 1:0.95:0.19 F1 1:0.99:0.60. 1:
1.52:0.21, 1:1.47:0.36, P& Z=mR o 2L b B B3
FAO/WHO #:#21 SFA:MUFA :PUFA=1:1:1, ¥
M Re W& i) o5 — D Fe bR & (SFA/UFA), SFA/UFA
{HAN, FRRWI RS SR E A = . = H X o,
R 2L SFA/UFA 43 BIMKIR A 0.78. 1.14. 0.87
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Table 3 Fatty acid content in mare's milk from different regions
HAEE%)
i

AX TX YX AS TS YS

FR C8:0 - 2.44+0.34° 0.10£0.01° - 0.0620.05 -
2R C10:0 1.00+0.42° 2.4240.02° 2.55+0.30" 1.10£0.274 1.37+0.33% 0.96+0.07*
+—HEfR C11:0 0.29+0.02° 0.79+0.11° 0.50+0.19° 0.28+0.09* 0.40+0.06" 0.29+0.08*
AFERR C12:0 3.94+0.39¢ 4.68+0.22° 6.16+0.16* 5.53+£0.36" 3.83+0.3° 4.46+1.08®

=4 C13:0 0.13£0.01° 0.32+0.17* 0.14+0.06" - 0.10+0.04 -
A F R C14:0 7.20+0.35 7.03+£0.29" 7.6+0.35 5.94+0.98* 5.85+0.1% 6.47+0.62*

A SR Cl4:1 0.42+0.17° 0.79+0.13° 0.44+0.25" 0.71+0.08* 0.52+0.028 0.56+0.08®

T HEERR C15:0 0.17+0.07* 0.200.08" 0.25+0.05" 0.30+0.05* 0.27+0* 0.24+0.01*
T HERIGR C15:1 0.28+0.12 - - 0.19+0.02* 0.15+0.02% 0.15+0.02*
kiR C16:0 26.68+1.87° 25.72+0.37° 22.83+0.33 23.84+0.63* 23.41+0.16" 21.61£0.598
FAHEIMER C16:1 - - - 7.73+£0.16* 6.82+0.16% 5.81+0.10¢
T-L&EfR C17:0 1.31£1.00° 8.53+0.35" 4.96+0.54° 0.18+0.04* 0.17+0.02* 0.26+0.12*
TLaRIER C17:1 - - - 0.51+0.03* 0.55+0.02* 0.37+0.10%
MiRER C18:0 1.84+0.76° 0.93+0.17* 1.57+0.42* 1.44+0.02* 1.09+0.05® 1.03+0.06®
MR C18:1n9c¢ 23.00+0.93° 19.390.59° 15.77£0.65° 19.18+1.54* 20.01+0.22% 12.36+0.22°
SR C18:1n9t - - 0.17+0.04 0.91+0.67* 0.20+0.05* 0.31£0.09*
AR C18:2n6t - - - - 1.21£0.12 -
IR C18:2n6¢ 10.68+2.59° 4.19£0.57° 7.02+0.25" 9.31+0.44% 5.99+0.09¢ 7.69+0.113
y-IEFRAR C18:3n6 3.23+1.03 - - 13.5440.97* - 0.11+0.018
e C20:0 - 0.11£0.01 - - 0.13+0.03 -
A MR C20:1 16.13+1.99° 21.21+0.27° 28.10+1.05° 9.07+0.27¢ 27.37+0.314 32.3+0.40°
o~V kR C18:3n3 - - - 0.24+0.01 - -

T —kem C21:0 1.38+0.62° 0.0620.00° - - - -
B =R C20:3n3 - - - - 0.52+0.06% 2.6440.15%
Z-y-WERRAR C20:3n6 - 0.38+0.07" 1.84+0.48° - - -

FFR C22:1n9 2.3140.42° 0.82+0.05" - - - -
TSR C22:6n3 - - - - - 2.3620.05
Mg iR 43.94+3 .83 53.23+£0.93° 46.6620.88" 38.61+1.22% 36.67+0.62° 35.3240.778
I R 42.14+1.09° 42.20+0.45° 44.48+0.97* 38.29+1.90¢ 55.61£0.37* 51.87+0.73"
EZ Nk 13.91+2.85° 4.57+0.52¢ 8.86+0.34° 23.10+0.77* 7.73+0.26¢ 12.81+0.05°

F11 0.63. 0.58. 0.55. = -HLIX R 7L AR L)
FL SFA/UFA {HI5R/IN, HA AL X 2 S 2L 1Y SFA/
UFA B/, SR 2L g IR E SR MM B 245
FaES L. Chen 5P W5 K BT ZLAY PUFA H 47
L E% =, SFA :MUFA : PUFA B HF)H 1:0.69:0.84,
SR hZEmR I3l SFA : MUFA : PUFA [ FUAGIARAL

2.3 EESEBRFIBERFER OPLS-DA 734f
OPLS-DA 843 E v (UK 4a., & 4c ffias), 4
PR SR A, IR A B . iR 4a T,
BRTHh A 1 Th LANES IRR Sh 7 LA T2 — 5 PR, PrALaE o
FUFPR S F LA T —2FR, B iAo o LA I fef o
FUOT T2 DUSRR o 5 U By 4l 2 R Jaf s IX i 25 7,
iR 2L MARNT, SRR a2 IR D 7L2E5 0
#H(P<0.05) . N 4c Jrw, B2 bt S 2Ly F255—
SR, BTNZE IR Sh 2L T55 5 B, 353 2L b
”ﬁ‘iﬁf&zui?***%lﬁ T Ikt T LA D B T LA,
VU MR . UhHHEE IR AN ALl X EE T 2L | FR S FL
iﬁ?jﬁﬁﬁ, Sh#h et 5zl i SR ER B (P<
0.05) . TEM N HE PR (anlE 4b. K] 4d FoR),

WEES AR . NEWIR/E R R AR 5, ARNRIHLIXAE R 3 28
i, H A2 T8 B (R X) 43510 0.961 ., 0.889, K
*MA#E.;«&(RZYMJWJ A 0.990. 0.974, A5 T
SEC(OM)43HIM 0.966. 0.925, R? F Q% i#B5 0.800

INREAS HAG B AR, Ze0e 200 YROE S

5%, O* BIAL S HAIARE 25/ T 0, BLBAAR ALY

TEST UG, IZA AL B UEAT %4, RIS SR n] A e 45 i

N A HBIX AR | RITTIRZE o

24 WENSHTE SRR BB KM S

PEEGA A2 (TR . BB F-BE top 10 I TREE S5

35 FhiiF B & LR A1 27 Fi B Wi IR 34T Pearson A#H 3¢

MArbr. WE 5a Fros, B RESAT B . B b RLAT R

FIFAEIR I ZLAT B S 2 2R . #2008 . TN 2%

y-2A 3 T R A 22 PR B A R & B 3 IEAH e (P<

0.05) . = RRANEE =S A E R 2 EAH R 2

MIPEMR . AEIZUATES . S IMZUAEE . B 2L AT

FEREE TR AAT R SVERR . R a0 . VAR . S

iR AHENR ., -2 3L T IR IEAHSS, BRIt F) 5

- FLATEE & BEFL AR S o AT AR ™ ) e IR LR 19
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Fig.4 Scatter plots of OPLS-DA scores of free amino acids
and fatty acids in mare's milk from different regions
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(a, c¢) response ranking test plots (b, d)

AP RE AR Z R A SR AR YIS B . i 5b
JeR, A SRR AR SN R AR . -2 T
T4 10 Pl B9 2 2R 52 .35 IEAH G (P<0.05), &5
W B A BEMR B2 IEAH G IR A L o IR BRI H AR
2R SR R DU R RE L - BT R B A IR

FHIE(P<0.05) o Vb BHZLAT Bl Ja Xol Ui i 2 B i 1) 2 Al
HATTEMER, H L RZUAT R AR TR X p-2d 5L T
iR BOTE B BT STk E o PRFoT 26l p- 23k T ia vl
LLSER AR () SR B, = B DR R 2 i AR
(], BB A SR AN ARSE AR PR, B AR A5
FIFAEZLIRAT 0 A 8 N & A P ZUAF R Re s i
R RTEEE NI p-2 3 TR &, s H UK B I
il 6a B, FAPIFUATEE S ZLFFEA | 5L
FFEAFNTF IR /R BL LA B S AR TR . IR |
TR TR . o SRR S ARG, AR T EEAT
RS ARIR . RS . W | =g . —
—BEfR . TR S IEAHSE (P<0.05), B EREHFT I 5
y-MVBEIR . -3V JBR IR 25 5 b G 7 2 S I 35 1E AH o6
(P<0.05). 4N 6b I, 1 & 3 /RIGEWER: . 240
KT EYEM R | PR AR | S0 e DU i B
TR SRR . T RN R 2 3 IE AR oS
(P<0.05) . VaHH_F RN EE XA R 1 192 1O T2 e EL
SUERE, H_ L3R AN FIBERE B X oS Im IR
TS BA STE . N IRiR PR DHA,
FKENFFEFR I, DHA BES4ESIE W A K MA T,
FELZ RN TN REAI IR o 8 ] AT 83597 /O I A A
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Fig.6 Correlation analysis between microorganisms
and fatty acids

TE: a. 4B b, HIA

JIi IMUAEBEI05 . BT SR PRI A T ALK v I . BhlkRs
FERE Ak | AP 53 Z40E AP i Jaie XU BT, A aFaT R
BH 2458 A5 14 (Schizochytrium sp) = H 7 fe BLAR /Yy~
DHA [V BN, ML T 1) B R R T RR 1
HAE)™ DHA (b 2E— 20T

2L b AR M RN RIS AT AE B, TR
TEZRMAHEAEA NSNS, nE 7 s, B
FREAT B S AE S ZUAT B A Em 1 2UAT B 2 25 e A o
(P<0.05) . tHPIFUATE . BhZUAFE . B L2 R

B 7 BRI ARG

Fig.7 Correlation analysis between microorganisms

FFAE IR LR FLAT B 2 0] 52 0 35 TEAH G (P<0.05), FLAT
PR A 0] e ELAT BRI, LA TRUE Al 2 2 ke Fl
REWTR A= i R 38 B RAVE T . AT e 5 240
FCro& di st | Dol sa - dEme st | R AR I
B AR 22 R S R ST R A S S IE A
HK(P<0.05), FPZFUATF R S B PR S EAH I 2 14l
o e €KL SAHYZUAF R . LB
Fii - FUAT B AT IR /R LR LT B 5 S IR ARG, A28
SR A PR S 5 AN B S IE A S 2 A BB . IR A SG
T PRI A DI REA B, TT HEIE i BRI X, Yol
FhIR]TE 4, SRR XA g R 2= RSB 7, OF B
P FLAT B -5 R PR I R] I 265 T BRI i A1,
AnJE Vst a), [RE e = e,
3 g

N O SRR B O Ra i 50 s e R B I R o
Yras AN S SR . MR IWIR 2= T M L2 A AH G,
ZEIR I A HLIX S LT AR W A e R
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