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Abstract: In order to investigate the content of nutrients (free amino acids, fatty acids) and flavor substances in koumiss
fermented with Xinjiang-derived superior yeast strains, as well as the changes in substances before and after fermentation,
and the differences in nutrients and flavors compared with that of naturally fermented koumiss, ultra-high performance
liquid chromatography-mass spectrometry (UPLC-MS), gas chromatography-mass spectrometry (GC-MS), and comprehen-
sive two-dimensional gas chromatography-time-of-flight mass spectrometry (GCxGC-TOFMS) were employed to detect
the contents of free amino acids, fatty acids, and volatile flavor substances in fresh mare's milk, naturally fermented
koumiss (control group), and koumiss fermented with superior yeast strains (experimental group) . The results showed that,

compared with fresh mare's milk, the content of free amino acids in the experimental group significantly increased, while
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the relative content of polyunsaturated fatty acids significantly increased, the number of volatile flavor substances increased,

the relative contents of esters, alcohols, carboxylic acids, and heterocyclic compounds were elevated. Compared with the

control group, the essential amino acid content in the experimental group significantly decreased, the contents of histidine
(1297.68 mg/L), ornithine (545.38 mg/L), and y-aminobutyric acid (1269.46 mg/L, GABA) significantly increased. The rel-
ative content of saturated fatty acids significantly decreased, while the relative content of polyunsaturated fatty acids

(PUFAs) significantly increased, notably the relative content of a-linolenic acid (19.72%) was significantly enhanced, but

the relative content of linoleic acid (9.32%) significantly decreased. The total number of flavor substances in experimental

group was reduced, and the key flavor substances were identified as 2,3-butanedione, 2-undecanone, heptanal, and 2-pentyl-

furan. Although the diversity of flavor substances was relatively lower, the overall flavor profile was more harmonious,

characterized by buttery, cheesy, grassy, and fatty notes. In summary, the mixed yeast fermentation intervention effectively

boosts the nutritional quality and optimizes the flavor balance of koumiss.
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TS YERERE TX3-1: T EEZLAF I MLSS Ly 1:1:
3), THEIRIRG B FRA0 YR % 33 130 r/min & BERE
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1.7 pm) AR AT Bl &Pt T s o0 . W
MRS A A O WREE, B AN O o MEIRAR TR N
45 °C, FESH N 4 °C, SEREARECE 2 pL, SR E
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Table 1 Concentration of free amino acids in three samples

23 PRI AR RAR X 4 (%)

Table 2 Relative content of saturated fatty acids in three

(mg/L) samples (%)
IR 2R B Xof HE R T 7, ISR 7, HR iR £ B B, Xof HE R T 7, IR T
AR (Val) 433.71£32.01°  993.93+45.46°  126.67+13.44° C6:0 0.38£0.01° 0.32+0.01° 0.36£0.03"
R (le)  576.41£61.18"  52428+46.23*  72.81+8.09° C8:0 3.19£0.02° 3.00£0.06° 3.16£0.18°
LR (Leu) 261.93+21.15°  799.58+17.39*  117.38+9.64° C10:0 5.62+0.03° 5.80+0.12° 52740.17°
His R (Lys)  835.86448.10°  418.60+31.87°  1021.10+41.31° C11:0 0.67+0.04° 0.61+0.02° 0.63+0.04°
HER (Met) 65.5946.78%  79.76:11.02°  49.43+7.84° C12:0 6.59+0.11° 6.67+0.07° 6.97+0.37°
KA (Phe)  391.65432.02'  443.27+56.28'  128.53+3.22° C13:0 0.05+0.01" 0.05£0.01% 0.05£0.01°
WA (Thr) 5973741807 329.82440.98°  647.42+57.05° C14:0 6.8420.11° 6.90£0.17° 6.48:0.13°
5% (Trp) 21.05+1.94° 31.18+5.72° 157.2248.07° c15:0 0.3320.01° 0.23:001° 031:0.0

N ) ] C16:0 18.38+0.21° 19.78+0.34° 18.35+0.20°
41242 (His) 684.99435.23°  394.16+27.57°  1297.68+75.92° . )

P , C17:0 0.17+0.01 0.14+0.01 0.16£0.01°
NHR(Ala) 1764.55£53.07*  801.35£72.44°  1751.04+46.3" C18:0 0.7720.02" L 00£0.06* 0.7640.07
K% iR (Arg) 56.3843.13°  780.85+68.35°  146.37+9.89 €200 0.0420.01* 0.0320,01° 0.04:20.01°

KA (Asn) 46.50+3.06° 116.97+19.16° 4.36+0.78° C21:0 0.01£0.01° 0.0140.01° 0.0120.01°
KA (Asp) 80.74+6.35° 96.57+12.03* 60.52+9.04° €22:0 0.01£0.01° 0.01£0.01° 0.0120.01°
PRI TR (GABA)  1.73£0.45 7.7541.08"  1269.46+83.11° C23:0 0.01£0.01° 0.02£0.01° 0.0120.01°
HEM(Glu)  2150.324121.51°  1887.64+55.40°  388.08+54.29° C24:0 0.01+0.01* 0.01+0.01° 0.0120.01*
HE R (Gly) 458.61445.66°  349.50+50.40°  316.32+3.03° SFA 43.06+0.39° 44.58+0.18" 42.57+0.24°
5%{#(0m) 122.58+4.55°  91.69+12.58"°  545.38+32.51° F: SFAFR A AE N2 (Saturated fatty acid)
N4 (Pro) 116.71£7.51°  1381.97+25.07°  1043.62+22.4°
225 (Ser) 907.15+47.23*  177.94+18.94"  989.91+65.78" BRI AAR 16 P UG IR S 2L Hr e A S i R AH
fi% &R (Tyr) 489.94+16.48°  615.46+69.47°  553.10+24.03% TG AR T LG T R R H 22 55N L, 45 kT
Wil IR 3183.58+48.95°  3620.42+97.36°  2320.55+40.39° J5 A BB (C12:0) AHXT o i i 2% [ FH(P<0.05), 3%7i%
SRR 10063.80+210.39°10322.27+183.26™10686.39+£352.17

e AR AR T2 5 B35 (P<0.05); 22~33[A,

HE FIH(P<0.05), Hoh gl 2R | Ry 2% . p-2 3t
TR S5 MR & e 3 FTH(P<0.05), R4
Mk e . R AR . A 2 R M H 2 e W35 1 %
(P<0.05) . ZEE5rMral i, i(ue s 2L Pl 2008 . #i
Hig . SRR p-E 3L TR E B2 m THES LK
o HETR Th 7L, RIR PR R IR L P A R . 4Ha
IR LA 15 B A A3k . BEL% 1z Bl 57 M e AT
T R I Hi S R T AR I &2 T, AT
iR, A R GE, Wenm AT 1 SaiR B
YU o5 AP B kb M g8 i 3L
-2 L TR T S i ok i 3 (P<0.05), & EL ik
1269.46+83.11 mg/L, ik BB G FEME A 11.88%:; 45
R & i o tb AE BB T 2L A i 21.37% KR =
3.63%, 2 FVEILIRAETEI GG R, AT BB T A B
Fho I THERE] -3 TR b, -2 TR
JE—FPIERR AR YRR LR Y, HoAA BRI Ag . 471
BEE W MCGEREAR B . PESRICIZ T . BiIAHERESE
EEEFIDRR Y, JEan] 2P s e -2 ik
T HRRE J1 IR T R PR B Al b i W — R s Ry o &
BERRANLL A, ARG B S I TT & B, FHAR U

22 FERREREENh

2.2.1 MWRARITIR ST RV T AS 3 BT
BRAFNNR TR, &—Fh S 2L e kIR, BAT &
M GBI A, (BRE AT B2 L O ik
ML RIS, ange 2 B, 3 PSS Fh 6]

(C10:0) A1 FRERZ (C14:0) FEXT & B B3 T (P<
0.05) . TiAHE T *F FAR o 2L, 56 L h i Fn g
R AR & 18 i 35U (P<0.05), HiP 242 (C10:0) .
A 5 IR (C14:0) | BEAEAR (C16:0) FIRER1% (C18:0)
HEX P b 2N T X BRR T L (P<0.05), 1 H AR
(C12:0) . +HEERR(C15:0) K +-EEelR (C17:0) AT
T T RRR L (P<0.05) .

2.2.2 AEFIRRWITR & EAHT  ANAIRR DT R AR HE
KA BN AN [R1AE A 43Sk BASIRL R D 1 T 22 AN
FIRRITFRUS BRI T R B VA5 1mAs A E .,
AT LA e 1 22 AR, HR ] U AT Z AN
FIE AR ELA VR LIS AW LA SeRe 1 B, HoAa A1)
TP IR LR ange 3 IR, 3 FhERS AL
K S AN IS T R 2L 23 Fh, Horp AN RIS G 19
10 Fl, Z AR EANETTR 13 Fh. XEGRR 3L R AR
NE T ERAH X & B B s 3K 57.43%, Hop i Ty rpoR
R T ERAHXT & i ik 28.87%, I GG R 7L
ZAMIHFNEITTRAHRT & i f =1 29.84% ., SEE LA
S LY, 28 & 1 e iR T 2L S AN IR DT TR
TEAN EFAMHEIXR EFEEER, i o VR
(C18:3N3) FIfE: &R (C20:2) AHX & b = T+
(P<0.05), TVl (C18:1N9C) | 4= 418 (C20:1) M
WP PR (C18:2N6) AHXT % B i 35 F B (P<0.05) . [H]
At a6 2 T 2L H AN R U 1R 5 e S 25 % R
FL(P<0.05), HPREREMIR(C14:1) . AFEHETHAR
(C16:1) . +EMAR(C17:1) . SuhfLZ (C18:1N7) |
-V FR R (C18:3N3) KM= -11,14-— 8% —J& iR
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Table 3 Relative content of unsaturated fatty acids in three

samples (%)

g iR 4 B L], X HRR T, IR T,
Cl4:1 0.66+0.01° 0.60+0.01° 0.64+0.02°
C15:1 0.04+0.01° 0.03+0.01° 0.03+0.01°
Cle:1 5.85+0.13* 5.3240.07° 5.90+0.37°
C17:1 0.47+0.01° 0.30+0.01° 0.44+0.03*

C18:1N12 1.28+0.01° 1.37+£0.23° 1.23+0.06"
C18:1N9C 14.31+0.19* 13.1420.29° 13.39+0.18"
C18:1N7 0.88+0.01% 0.71£0.02° 0.83+0.08"
C20:1 5.26+0.10° 6.23+0.03° 5.00+0.13¢
C22:1N9 0.09+0.01* 0.11+0.01° 0.10+0.02%
C24:1 0.03+0.01* 0.03+0.01° 0.03+0.01*
C18:2N6 10.11+0.08* 10.42+0.15% 9.32+0.36"
C18:3N6 0.03+0.01°* 0.03+0.01° 0.03+0.01°*
C18:3N3 17.17+0.36° 16.24+0.26° 19.72+0.42°
C20:2 0.19+0.01° 0.19+0.01° 0.22+0.01°*
C20:3N6 0.04+0.01* 0.04+0.01° 0.04+0.01°*
C20:3N3 0.31+0.01° 0.40+0.01° 0.30+0.01°
C20:4N6 0.05+0.01°* 0.05+0.01° 0.04+0.01*
C22:2 0.02+0.01* 0.02+0.01° 0.02+0.01°*
C20:5N3 0.02+0.01° 0.04+0.01° 0.02+0.01°
C22:4 0.02+0.01°* 0.02+0.01° 0.02+0.01°*
C22:5N6 0.01+0.01°* 0.02+0.01° 0.02+0.01°*
C22:5N3 0.06+0.01* 0.08+0.01° 0.07+0.01°*
C22:6N3 0.02+0.01°* 0.02+0.01° 0.02+0.01°
UFA 56.94+0.39° 55.42+0.18° 57.43+0.24*
MUFA 28.87+0.40* 27.85+0.10° 27.59+0.40°
PUFA 28.07+0.28" 27.57+0.10° 29.84+0.44*
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Fig.1 Two-dimensional total ion flow map of volatile flavor
substances for three samples
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Fig.2 Number of total flavor substances identified
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Fig.3 Number of flavor substance species
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Fig.4 Relative content of flavor substances
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Table 4 Odor activity value and aroma description of key
flavor substances

) ROAV
R s O e O
mg/L) g " =

3 53
1 23T 0002 66.67 100.00 79.07 IR
2 2-F—kt  0.0043 4291 1642 4330 WhmAF. FLEKIR
3 PR 0.003 567 3159 213  TEOR. JENIOR
4 2-JEEWEWS 0006 0.16 5894 123 THIBR. Bk
5 S I 1.69 005 005 059 BEEFK LFFK
6 1-FM-3-F 0005 149 617 044 BEEVR
7 2- P 075 087 034 0.19 N i
8 I 150 021 020 0.2 @ CRAF.HHIR
9  TNMERLEE 0.0066 1.05 035 0.0 RE.GE. K
10 T 100 015 0.08 0.2 ﬁﬁ:ﬂggﬁ
11 2-FMmME 00002 002 2050 0.01 BV . BRI
12 I 1.00 004 024 0.01 R HHIR
13 2-HETEE 0001 450 042 000  AIATBR, AR
14 24-TZWME 002 000 014 000  BULKBR, F5HIK

15 2-ZHMm 230 0.01 015 000 A miHEEA
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