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KBS A EEE A E L - TR (GC-MS) AR IF bl AAE R 2ROF NHTH B RAR. IRR
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Abstract: To investigate the effects of steam-flaked corn on flavor compounds in Simmental beef, 30 Simmental cattle with
similar body weights were randomly assigned to three dietary groups. Group I received a diet containing 100% steam-flaked corn,

Group II received and 50% steam-flaked corn, and the control group was fed a diet without steam-flaked corn. An amino acid
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analyzer combined with gas chromatography-mass spectrometry (GC-MS) was used to determine the contents of free amino acids,
fatty acids, and volatile flavor compounds in beef, with the aim of clarifying the influence of different proportions of steam-flaked
corn on beef flavor. The results showed that the total free amino acid contents in Group I and II were 10.81% and 8.53% higher,
respectively, than that of the control group. The contents of umami and sweet amino acids increased significantly with increasing
proportions of steam-flaked corn. Total fatty acid contents in the beef of the experimental groups were also significantly higher
than those of the control group. Notably, the contents of monounsaturated fatty acids in Groups I and II were 81.82% and 44.03%
higher, respectively, than those of the control group. Trans-linoleic acid (C18:2n6t) was detected only in Group I, with a
content of 1.65 mg/100 g. Significant differences were also observed in volatile flavor compounds. The relative content of ketones
was the highest in Group I (7.64%). Moreover, the contents of octanal (6.37%), dodecanal (2.55%), and nonanal (29.11%) in Group
I were significantly higher than those in the other groups. Trans-2-undecenol, which imparts oily and sweet aromas, was detected
exclusively in Group I at a content of 0.19%. Overall, increasing the proportion of steam-flaked corn in cattle diets significantly

enhanced the contents of free amino acids, fatty acids, and volatile compounds in beef, thereby improving beef flavor (P<0.05). This

2026, Vol.42, No.5

study provides a reference for improving beef quality and production efficiency.
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SRNIH, BASAHESE, BAEE 2L, KBS
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JE R FOK A A A i oK e 1120 H i &4y
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1.4 RIEREHEKEE
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Z W 2R ) 9% bR AE ) (NY/T 815-2004), 1
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Table 1 Diet compositionand nutrient level

A APRBE KIS T2 XIS 1 4R
RE 35.00 0 17.25
RAER 2K 0 35.00 17.25

ERYETE 15.00 15.00 15.00
AHERFE 2500 25.00 25.00

2 4h 10.00 10.00 10.00
JB R AR Y EX 5.00 5.00 5.00
ZHk 5.00 5.00 5.00
% 1.00 1.00 1.00
BRBR 24N 1.00 1.00 1.00
oAt 3.00 3.00 3.00
4it 100.00  100.00  100.00
/(M kg) 1321 13.21 13.21
HE A /% 11.54 11.58 11.55
FAIE W7 /% 3.46 3.37 3.42
AT %#{}ﬁ/% 55.45 55.45 55.47
PR /% 30.52 30.54 30.42
BRI SR AL % /%  18.54 18.54 18.25
/% 0.75 0.75 0.75
B /% 0.42 0.42 0.42

E: AT A B ROTURA R QIEZH R 2 B AT
KA.
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Ml 4 CICEWIEE 60s, 2~3 K. WFEE5EE 5 B0l
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250 uL IE O E 2 Z . sE IR ERT 0.22 mm K
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Hig 7 B2 0 52 2 FR GB5009.168-2016 J5 % #E 1T 24
HEPH, M & B SP2560 (100 mx
0.25 mmx0.2 pm) ; HWAFE: N, 1.0 mL-min'; 3
FERPRAGTR BE: 260 °C ¢ #HEFEE (uL) 1.0 4rimltt
1:10 ; HMEFTHE (C): 120 T (f£#F 5 min)
—3 C ‘min"'—230 'C ({##f 3 min) —1.5 °C ‘min”’
—240 C (& ¥ 13 min); & I 2% FID: 260 C ;
H,: 450 mL-min’', Air: 450.0 mL-min ',
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FREROR AN 5 ¢ ZEMAEIFERFE, \3H
M 2 pL 802K 50K, #HEE T 55 CHRKBH
PRI 30 min, R [EAH B8 BCER 4 R S R T
Bt 30 min, FSAFHEREID 250 “CRfEWL S min J5, BUH
SPME &1 . f#iH GC-MS X% A 1t R4 o304 TG00 o

s SIRTTIME S )y ik 7 k. DB-
5MS B 408 ik (30 mx0.25 mm, 0.25 um) ;
FE VIR B2 250 °C, @R XA i, B E A
(He), ALV 1 mL-min', & 3.0 mL-min’', 23
[k 50:1 5 FHEFER: #RIGIEE 40 'C, £#%F 10 min, LA
5 °C-min” F}% 200 C, FLL20 C-min”' F} % 280 °C,
{%FF 5 min.

FR At MR R, BEBE 70eV, 1%
EZRIRIE 250 'C, BTIRIRE 250 C, FEFHEHE
33~450 u.
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SPSS 27.0 B AE5E
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%
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Table 2 Changes of amino acid (mg/100 g)

A RIET40 RIS T4A B8 20

RAZE (Asp) 0.72+0.08" 0.33+0.10° —
2B (Glu)
sk RAREF
FRE (Thr)
# Z B (Ser)

1.59£0.04" 1.56+0.09° 1.37£0.14°
231£0.09° 1.89+0.13" 1.37%0.14°
9.67+0.07° 9.45+0.12° 9.00%0.12°
7.12+0.04° 6.21+0.13" 6.18+0.11°
HEAFL (Val) 1.23£0.13* 1.32£0.06° 1.19£0.01°
H & (Gly)
AR (Ala)
BB (Lys)

216+0.12° 248+0.11° 2.14+0.11°
11.97 £0.09" 12.57 +0.34" 11.06 £ 0.21°
5.19+0.06° 5.23%0.03" 4.66+0.13b
37.34+0.22" 37.26 £0.40° 3423 +0.31°
(Cys) 0.80 £0.01° 0.08£0.01° 0.07 +0.02°
0.51£0.09° 0.58+0.10° 0.46+0.11°
SRR (Ile) 0.57 £0.07" 0.65*0.08" 0.57 £0.16"
1.06£0.13° 1.17%0.15° 1.00 £0.05"
0.59+£0.14° 0.640.06° 0.56+0.10"
0.71 £0.05° 0.77£0.13" 0.64 +0.08"
0.57+0.05° 0.61+0.10° 0.54 +0.09"
0.69 £0.07" 0.80 £0.09° 0.63 +0.10"
550 £0.35" 522+0.42" 4.47+031°
# BRI EZF (FAA) 44.40 +0.10° 43.49 +0.18° 40.07 £ 0.32°

FHILE (EAA) 1841 +0.01° 18.65+0.20° 17.07 £0.39"
Z AFTRAAAEZRRAINERXFHFATERFZE
(P<0.05), MEAXELFHEERTEFARZE (P>005). &F
“— RTkKEE.

BRI SR BN R, A B R T
LS5, MRS FPER L ZOR B TR R ZHK.
AHERAN ZWRIKSEY I, o & IR A IRIX PR
FE SLEETT R AR, B DL SRR S (O A A4
Ji, PR AT AR, o e 2 DA i TR S
Ja AR KR AT A BT CInILAR . JEALIKD (7%
JRAT H BRI ORI, 2 UK B ) R Al Triki 45943

Br T AR RGN R, JEA. FAL XSAIATK
KSR FRi B SRR AL K HAR N E TR E VAR 1Y
04845 . Roobab %52 LAY PR TS 5, 5t ik ey
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Fig.1 Cluster heatmap of amino acid content
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E: BY ARFHERTERFRFE (P<0.05).

CUA TR B, TRIMEAN () E R AT DA o8 PR (1
TR AR LR ARG E L (R IR AR S
RO ORAER 2 KB AR, AR ERRE Y
TR KA N H AR R A 2, 6 2 i 2 R SR IR
SR BEREERR. MR E R, WREER S E
BRI TRAH, ZREE (P<005), HEEHE
R A 28950 K 0 LA 384 g 38 o

BB 2 TAL W E AR S IR T A, W
H 43 e X R ZH 5 10.81%- 8.53%, H: AP R & FE R
MR T Him, RS 68.61%. H BRI
PR s RO 1 2. 56 11 20 43 5 EE X6 R A 5 9.08%
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8.85%. HEIREILIR T RAAMRETEMNAER & &2l
W R TR, HhaaREsile 4. ol
96 11 45 %3 5 Eb ook B 2H 75 16.05%. 13.87%, 45 &2 Fl
KA TR A R T IR 1) 32 B UR . B R 2 1R
g iR, HEKR. WaERS % 1. o5 14
FEExtiEd s, HZEREZE (P<0.05). Hb2EBe
B T A A EIA 1531%, HER. AER
P e 1128 b B 40 =08 15.34% A1 13.63%. H&
FR . 22 B IR . TN 2 PR SIS £ o v TIOR3 SRR
R SRR AR, A 50 RA T B =R
(P>0.05). #iz R &R 1 4. W5 1147550t
SRR A 11.34% 13.23%. X UL B TAME VSR A R
K2R R B 70 2 B Sk S Bk, XUBRAIL T R
AR EKREI AR TR AT RE R FORTE 28V il 72
H, p- FOKBEE R EI IR, A 0E ¥ B 50 5 8 N VEH

ORI, T m T VEk BRI R A R, %
MIPRZ=AEFA 2 B iE v, AMIE 0 7 L X 2 FE R A
HAWE FZY RN T, 22 40% IR 3= &
W iE R, dt— DR TR R E AR E
LTI

A I 5 ARG N E—BURIR D, AT
Fo v T 5 S PRI 2605 A T K RO B K ] P A
3G, VRO T 200508 BOK AR 1 oK AE 2 R R A
K EMER. SRR, EREREFHE M, 2
RER ERM2ZER. BARKEE S THEEX
(P<0.01); RAZEK. MEKR. WERAEFHEE
Efm (P<0.05; MHARMFAHEERALE
(P>0.05), {HZEHTEEA. EHEEPRERE R
SNk SIS = TSI E| AR 2 T P
DHRRAIER G R RE .

&

% 3 BBERE= (mg/100g)
Table 3 Table of fatty acid content

IR E KT 4 KIS0 *FRB 20
Cl4:0 (2 ER) 52.03 +£0.25" 37.94 £0.15° 25.70 £ 0.15°
Cl4:1 (W BHER) 8.40 +0.43° 6.52 £0.04° 451+0.15°
C15:0 (+ AWM ) 6.10 +0.10° 3.25+0.12° 1.53 £0.13°
C16:0 (7488 ) 670.73 £ 4.51° 529.03 £2.10° 366.75 +3.51°
C16:1 (AFA8HER ) 73.62 £2.05° 58.67£0.20" 41.05£3.51°
C17:0 (+-k8s) 20.54 £0.20" 12.93 £0.11° 8.92+£0.17°
C17:1 (+-#keg) 11.65 £ 0.06° 9.43£0.02° 6.61 £0.24°
C18:0 (A58 ) 42934 £4.51° 318.32+1.53° 205.04 +2.00°
C18:1n9t ( FihEg ) 9.25£0.15 — 5.94£0.92°
C18:1n9¢ (HER ) 930.50 + 6.00" 736.74 £3.51° 505.33 +8.52°
C18:2n6t ( R X LihER ) 1.64+0.14 — —
C18:2n6c (IEhEL) 162.40 £2.00° 179.04 £ 1.00° 131.74 £9.5°
C20:0 (FEAR) 1.22£0.11 — —
C18:3n6 ( y- LAREL) — — 7.03£0.17
C18:3n3 ( o - JRER ) 8.45£0.01" 8.21 £0.03" 5.40£0.27°
C21:0 (=—+—)x&k) 3.51£0.14 —
C20:2 (=t k) — — 7.23£0.35
C20:3n6 ( =+ B =Mk ) 12.11 £0.20° 15.44 £ 0.15° 8.72 £ 0.95°
C20:4n6 (foA WML ) 67.63 £ 0.85 84.92+1.10° 60.44 £2.20°
C22:6n3 ( =+ — B <R ) — 8.83 £0.58 —

SFA (e fig b BL )
MUFA (¥ RieA=fgreg )
PUFA ( % TioA=fis s )

TFA (EA5H7ER )

117712+ 1.19°
1 024.44 £6.95°

251.84£0.70°

2453.30 +7.96"

901.23 +3.77°
811.27 £3.76
296.35 £ 2.86"

20 08.82 +10.38"

607.67 £5.71°
563.47 £11.21°
2203 £2.4°
1391.43 £8.32°

7 RFPRATRERRNEELFEHRTER
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Fig.3 Cluster heatmap of fatty acid content
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E: AP RARFHERATEFLE (P<0.05).

hE3 AE3. B4, ARGHTH, Bl
T 17 Mg R, HRAE 7 FOASFE R SFAL 5 R H
B MUFA 1 5 F AR [5] 1 PUFA. R 56 1T 20046 HY 14 F

ANFER PR, HoA s FORFEE) SFAL 4 FiAS[H 1)
MUFA FI 5 AR [F ) PUFA. WBBALHR H T 16 A4S
[ M iR, S MPASIRI ) SFA, 5 FFAR[H ) MUFA, 6
FhATF ) PUFA

SERRW, FHZERIE R ERMAE W E K
PE N BRI ME A 2F, 2R PR R ) 5 IR 7 R 2 & 0 B T
i, JF HBEE B 2R A oK B A 3 i i 4
W, HZEREZE (P<0.05). 08 AERE [ 4.
TR 1T 49 51 EL X BB 4 5 76.30% 61.73%. FHiH SFA
FERE T 4. R 145 )t x84 5 93.72%-
48.36% ; MUFA & & iR 56 1 4. 58 11 4145 B bexd
HEZH 57 81.84%. 44.04%, FH A ymR ) & &l [ 4.
R 1T 245 2 51 beoxs B 4H &) 84.07%. 45.88% ;5 PUMA
e T4, 5 114 2 50 b Xt B2 & 14.35%.
34.52%. S JEWIRR & B A, R R AR SRR
FAEG, ZEVRE AL FR S (1 EORAER B 1A RS AR 2R
R RIS 3] 74 m, BERS T RH LN AR
FrE. MR BT ER. AN AN S I R = R AR AR Ak,
AJBE A RO A MR 28 VR R B i ok AR, B
Jo B S VFA & 8 SR B ORI AE D T = B A 3
THTE, ESR VFA FEREREEER, ML e
Witk % NKEE. P#TTRA BIERA SR, AT
REAFAEAR Y LA (R BZ 520, 3] el ik 8 55 3 2R P ) A
PRAEFH T 28 AR I8 12 B R A R 2 32k 17 52 i
il B P A P 7 120

MUFA FAZRE MR & 2k ae T 2. a5 11 4537
U HEZH i 79.53% 42.92% 5 SOHERIT & ikt 1 41
Foxf A = 55.96% ; R & & alae T4 58 114
I3 ) He xR 4 T 84.07%. 45.88% ; PUMA H IV i 2
& R T 4l 356 11 419 3 L X FRZH 7 23.06%-
35.95%, AWFLRIIMRS Wil BRI e, WA
AR LR AR . JF HUR7E S T 2H il 21 1 e =8
TEIHER, X U IR 28V R A R AR R
AT A A R ORI A . X AT RR A R T R VRE
AR CACESE I 7 A4 VLR Re AL, BRI 52
w2 AL P9 I 07 R PRI LB PUFA 5 A\ Ak i g 55 4)
FH IR Dy Re 1 I 197 IR £ 22H n-3PUFAs #l n-6PUFAS.
AR 56 W 2 (1) n-6PUFAS A Jx X i BR (C18:2n6t)
Wi R (C18:2n6¢) p- I Bk R (C18:3n6). — I
W = i B8 (C20:3n6). & 4 U 4 FR (C20:4n6),
n-3PUFAs A a- W fR R (C18:3n3) A -+ B /N Hi
g (C22:6n3). n-6PUFAS & n-3PUFAS % & i &
MY E T a2, n-3PUFAS & &35 11 41 5 & ok
93.13 mg/100 g, HZER ¥ (P<0.05). H T n3
HEWTBRAE KN R B « M Ay RGi bt 5 mE/E R,
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Table 4 Statistical table of volatile flavor substances

- ﬁt\fg EH— ) AT EZ /% ok
min X T XTI x4 B8
3-% A -2-THR 6.03 7.64 %0.15° 1.98+0.27° 3.08 £0.31° Ay Ak. NS Ak
T 8.57 8.85+0.18" 22.21+0.52° 21.32+0.28" wis. FE. ERA%
2- B R — — 0.78 +0.11 — KEAR. FUBEAR
JE B — — 3.17+0.13° 3.20 = 0.39° KR AR
1- B3 13.82 484+0.17 4.43£0.18 4324023 AR, ERAR
FHE 14.5 6.37 = 0.24° 5.91£0.16° 5.43 +0.08° MAGE A FAR
(E) -2-FMds 15.98 0.47+0.11° 1.00 £0.29° 0.61+0.18" RA&R. FINER
eSS 17.23 29.11 +0.07° 19.77 £0.25" 20.24 £0.37° s flgek
(E) -2-F s 18.6 0.44+0.15° 0.43+0.16° 0.75 +0.14° dhAgTR . BORA R
1- £ 19.12 0.95+0.07" 0.47+0.13° 0.41%0.11° BIRA4
KB 19.27 2.02+0.12° 130 £0.21° 1.26+0.15° AR, AR AR
(E) -2-5HEs — — 0.25 +0.04 — Bk BT AR
+ 22.47 0.36 £0.13" 0.6+0.13" 0.43 £0.09° —
AR — — 0.37+0.11 —
+ % 24.59 0.45+0.15 - —
+=E 27.1 2.55+0.14° 1.93+0.26° 0.98 +0.33° hhgek. AFAE AR
F-2-+ — M BR 18.93 0.19 +0.09 — WAER. LA, A
1-¥ M -3-15 14.07 23.8+0.61° 26.37 +0.68" 27.80 +0.52°" BIEAA
1- R B 7.97 9.56 £0.28" 5.28+0.31° 6.36 £0.23 & A, B
B-2-F W -1-F% 16.46 2.42+£0.11° 4.12£0.25° 3.43+0.26 LALAR
LEES — 7.64 +0.15° 276+0.16° 3.08+0.31°
Bhk — 49.81 £0.21° 55.97 £0.04° 53.79£0.16°
B — 41.76 *0.35 40.67 +0.07° 4232 +0.73"
JRk — 0.81 +0.28" 0.60 £0.13° 0.80 £0.25°
E: APRATRIERR N ERXFHAFTEREE (P<005), HEEXFHFEATEFFLE (P>005), AF “— ATRibH,
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