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ABSTRACT: Objective To study the best formula of beef sour soup, with chili and beef as raw materials, and
analyze its volatile flavor substances. Methods Through single factor and orthogonal experiments, the effects of
pepper varieties, beef pretreatment methods, the proportion of ginger and garlic, and the proportion of glucose and
lactose on the color difference, total acid and sensory score of beef sour soup were studied, and the optimal formula

of beef sour soup was obtained. The flavor compounds were analyzed by headspace solid-phase microextraction
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combined with gas chromatography-mass spectrometry. Results

The best pepper variety of beef sour soup was red

pepper. The pretreatment method of beef was hydrolysis, the ratio of ginger to garlic was 1:3(m:m), and the ratio of

glucose to lactose was 2:1 (m:m). Under these conditions, the total acid content of the beef sour soup was 26.91 g/kg,

and the product had a harmonious taste and strong acid and flavor.A total of 62 flavor substances were detected in the

beef sour soup, and 23 more than that in the traditional sour soup.The addition of beef increased the content of ethyl

caproate in the sour soup by 33.62%, and trans-4-decenoic acid ethyl ester, ethyl benzoate, hexanoic acid, palmitic

aldehyde and citral were the unique flavor substances in the beef sour soup. Conclusion The fermented beef sour

soup has rich flavor and harmonious taste. The research results can provide experimental basis for product

optimization and flavor evaluation of beef sour soup.

KEY WORDS: beef sour soup; formula optimization; total acid; traditional red sour soup; flavor substances
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AT RF R, USRS, @2, BRETs T
MrAatn . MUK RN . A T B ¥k . 2 as bl
Rl BN R B R G O CY il et B SNIEARANY (N
KL, LMl ARSI EAYIT . OB KR, it
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Table 1 Level of factors in orthogonal tests
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Table 2 Sensory evaluation standard of beef sour soup
TEMFEAR WA bR SHE S
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EAZA S ARk, BEGE S, TRk 21~30
KR (30 43) 7 i AT B A BRI BN 2, TC SR IRk 11~20
TEEWRMEHE, KRAE, B 5% 1~10
FRWR VAN, 4lilE 16~20
PR (20 43) FRURIR, i Tk 10~15
TR 5 1~9
AR GROSR, Eik 5, MR 26~30
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2.1 FABRARERAELER
2,11 BARSAY A 4 R BRUA R 6 R

gk 3 PR, RNIRBHUEFIT - ARZ GZEN LGS
FRM(P<0.05), Xl a*. bHEA BEFI(P<0.05), HH
LIRMLT Y a* . EWEAE bR, 2900 40.61. 50.87, H
0 T HABBAL Y, KA R4 BRI (PR IELT, WARAT
IMGE A T ARz, B 1 w5, B4
FR 1 BRI A R PR 25 5(P<0.05).. Horh 2T Uk i
H2E R MR S HE y 22.03 g/kg JRVETTESY 82.67 43, T
% . RLRL. SRR B A TR T 1 IR o it 43 0 ok
19.45. 19.68. 18.51 g/kg, LIAMUAREN A AR G BR & 1
U T HA R R . R AL MU R R B
BRI YA R AR R, GRS R A PSR AL 2 R SR )
B, HUR TS B2 A R 1 101 Jak b EL At B S Pl A R 2 B K
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B R IR

F3 MM AERA B EMNEME(N=3)

Table 3 Effect of pepper varieties on color difference of beef acid

soup(n=3)
B F L* a* b*
il P 42.61£2.51° 35.71£1.29° 46.71+2.43%
KL 41.31+1.95° 36.53+1.12° 42.96+1.04°
LI 41.53+1.38" 40.61+0.92° 50.87+0.88"
4311 40.54+1.67° 38.26+2.81% 46.71£2.32°

T8 B, AR R BAT 22 54 (P<0.05), TFIF].
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Fig.1 Effect of chili pepper varieties on total acid and sensory score
of beef acid soup(n=3)

WERZ E B p* I & 22 7(P<0.05), WiBH={E L*A B
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Table 4 Effect of beef pretreatment on color difference
of beef sour soup (N=3)

4N AL B L* a* b*
YT a3 42.79+0.76" 40.68+0.57° 46.11+0.51°
K ffk Ak 3 41.34+0.96" 42.43+0.28° 50.36+0.85"
W A 3 41.61+0.44° 41.11£0.53° 50.45+2.26"
Ji ) 42k 34 39.80£0.80°  39.53+0.08° 49.41+2.12°

25 +

BRR/(g/kg)
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2 AR R TA Iy X AR DA RV S R B D3 1 S IR (n=3)
Fig.2 Effect of beef pretreatment on total acid and sensory score of
beef sour soup(n=3)
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X L*, oG BEZM(P<0.05), FEZE S atiigin, L+,
a*ERETE/N, BREE 5 LT ARG 21, B 3 AT LA
FH, RIEIZE 55 LA 4 PR R FE A 4K 22 54(P<0.05),
MEFREA 3 (mm) BERIE 22.15 g/kg. W& w7 & A
TSR S SR, R AR S S N . R R R
RN B S R Ak, A AR AR R
K. T2 BN 3: 1 (mm)RERRYS 1:3(m:m)TEH
725 (P<0.05), {HW 5 B A7F1E 3% 22 5 (P<0.05), H %55
Letil ok 1:3(mem) B B TN R T 255 LB 3:1(mem), 7
POEREEE P . KR . & LT, BRI
1:3(m:m).

RS EZFLEHINFRERAEZRFM0N=3)
Table 5 Effect of ginger and garlic ratio on color difference of
beef sour soup (n=3)

L5 LB (m:m) L* a* b*
1:1 45.11£0.28°  40.97+0.32"  48.57+0.52°
1:2 42.85+0.73%  39.48+1.63  48.11+1.97"
13 43.64+1.57  38.01£1.69°  47.07x1.17°
2:1 44.06+0.77"  40.62£0.99"  50.06+0.70°
3:1 42.59£0.31°  39.89+1.15™  48.10+0.44°
—n— RETS
25 1 1 90
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W

5 3
BEIFR5
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LR

B3 R B A4 AR 7 SRR R E PR43 153 0 (n=3)
Fig.3 Effect of beef pretreatment on total acid and sensory score of
beef sour soup(n=3)
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TGN, BRIAEOL AR, INE 4 v LU R 4
WS U o A BN, 2R AR 1 Y R RR S S 08D . Y

ARSI LN 20 (mem) N P TR e, MR &R
21.64 g/kg. BEIN 84 4. WREIEEE, FLRWET
RS IR R Y, RERI TR A . FUMEHE TR ™ A
LR Z RN . 25 LR, WA S FLE A Ly
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*6 HEVEILMELLOIN 4 RS B EMFIN(N=3)
Table 6 Effect of glucose lactose ratio on color difference of beef
acid soup (n=3)

I FL LA (mzm) L* a* b*
1:1 42.779+1.18%  41.77+1.99*  53.46+1.08"
1:2 43.63+0.14° 38.08+0.53°  45.08+1.55°
1:3 42.19+0.64™  40.87+0.36™  53.58+0.79"
2:1 42.12£091°  40.23+0.13"  53.93+0.71*
3:1 42314049  39.25+0.38"™  50.43+1.60°
-4{\—\['_»@\
—=— E S
25 - a 190
b
180
bs—f“"'i% d/:\Sd
- 170
—_ L C
%20 d | 60 ﬁ\?
R
§ 150 g
2] J
25| 40 #
130
120
10
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L L

P4 70 S FURE L BT A A IR B R FILUER P RS (n=3)
Fig.4 Effect of glucose-lactose ratio on total acid and sensory score
of beef acid soup(n=3)
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Table 7 Orthogonal design and results
SR/(g/kg)
haes 4 B c D
1 /4 I
1 1 1 1 1 19.04 18.15 18.45
2 1 2 2 2 18.36 19.40 18.99
3 1 3 3 3 17.57 19.47 18.32
4 2 1 2 3 19.55 17.31 18.23
5 2 2 3 1 26.63 2541 26.28
6 2 3 1 2 19.17 20.09 19.88
7 3 1 3 2 17.21 17.13 17.30
8 3 2 1 3 15.17 15.80 15.17
9 3 3 2 1 16.14 15.82 16.21
ki 18.639 18.041 17.880 20.237
k> 21.395 20.135 17.779 18.615
ks 16.216 18.073 20.590 17.397
R 5.179 2.094 2.811 2.840
LI M RI20R 3 AR,
x8 EXRBERFESN
Table 8 Analysis of variance of orthogonal test results
7 FERR i 22F J5 FI i 175 (MS) FE F i SHE
A 120.846 2 60.423 156.975 6.01
B 25918 2 12.959 33.666 6.01
C 45.755 2 22.878 59.435 6.01
D 36.531 2 18.265 47.452 6.01
iR 6.929 18 0.385
KA 242917 27

(f Fo.os(z, 18):3-55, F0A01(2, 18):6-01 o

2.4 HREBARNKE S 7

3 o TR — A R 15 45 2R A0 B W AR X 4 i
5T 9. HHFRATHIAR RERY T HE R KU A B AR 2t
mTEGRARY, WERARAHZRME 23 Fhig kR
W, WESERZNERIEEE, Kby mS
Wi . oW . RIGHARIRNEFR, R2LYR
FBL ) RBR Y

BREY T FERRBE Y P ER . BER N AR, 4
WIRY  AE G IR 1 T BRI BT 53 5 13 T 8 B, ARXS &
B0 18.35%F1 11.07%, B4R PIBR 17 0 Bk 254 s
Kz, SRERNERE. 2 RGBT 7
T, W CIRCER . KR ZHR . IR . BRSFRR 2T,

BAERKEIERZPHCTRIES . KR, R
SBRAR g, Hoh B WA . RAEWN O iR 2R
TGN T 33.62%, KBHRPER . KX -4-IGROT . R
IR TG . AR . JFERR C BRSE R 28 24 I R
DR R BRI, o 2 x0-4- 2895 R S T 5 oK R
CERHAF PR, R CEEA IR 5 0h .
SR MR HAT BOR B AR AR . X EREAT (BRI
FETAHRRARAK, #4975 .

P2 ) SO ) T 1 A SR K . R IR . (R G R
D BRI T 3 Fh, o O R EEALE 2 FER 1 v AH
SR 3.04%F 3.27%, SRR EE LA, £
R AR I AR 7 b 05 B RIS R S O
H, MEAWERN O, WA, BB S E T
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IR LL, PESSHE Ak R M o 1 3 22« SR o

BRI H A NS AL S Y, TERL 0T TRk
A K el B SR EHRE RN, A A B — R A B R
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IMAAALE S T L0 7 198 SR (R, [ B o & T8 ok
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(BPHLEE

®9 FARASERARANKIRTHILESE

Table 9 Types and content of flavor substances in beef sour soup and traditional sour soup

e . A 5 /%
i feas e R 5
a-F I CisHa, 10.81+0.22 15.31+0.38
PN CisHay 7.60+£0.21
LI CisHyy - 12.29+0.11
BAAARN CisHay 5.04+0.14 0.16+0.05
BAEN K B CisHay - 9.09+0.23
i EAR &5 CisHyy 4.4240.13 9.21+0.15
1-( I i 56)-1- N M CeH oS, 2.3240.10
KA CsHs 2.06+0.17
Zhifk CeH 08 1.98+0.16 4.44+0.23
L2- BRI M C;sH,S, 0.42+0.12
- a- R CisHay 0.32+0.07 1.17£0.12
1+ P C4Hys 0.26+0.11
(Z2)-y- i CisHyy 0.30+0.10 0.62+0.11
R -B-4x G W CisHay 0.22+0.08 0.70+0.12
4,8,12- = 3+ —-1,3,7,11-P0J#% C6Ha6 0.21+0.08
(H)-HETE % CisHyy 0.20+0.14 0.53+0.12
B CioHi6 0.19+0.02 2.45+0.09
2- B 3L -1 DY (Rl ) CisHso 0.18+0.11 1.49+0.05
(H)-7T-R-fE5Fik CisHas 0.15+0.02
3-EE M CioHs 0.10+0.08 0.53+0.09
BN CisHay 0.100.03 0.35+0.07
(E)-B-Z' 145 CioHys - 0.19+0.11
CLR 2 1 CsH,60, 11.05+0.23 8.27+0.17
KR Z Bk CoH 405 2.44+0.14 1.17+0.09
KA R T g CsH;50;3 1.54+0.13
FEE IR 2 e C1sH360, 1.28+0.05 0.74+0.12
2 -4- 505 R £ i C,H220, 0.45+0.12 -
VR . e C,oH340, 0.32+0.17 0.16:£0.04
. KRR 21 CoH 00, 0.23+0.10
LLES PR 58 R . T C16H3,0, 0.22:+0.09
FIR e C1oH200, 0.20+0.13 0.26+0.11
LA MR C1,H0, 0.19:0.09
REALIE £ R e C1oH20, 0.14+0.09 0.23+0.10
2-C IR T CsH,140, 0.13+0.06
FH:RR 1 C14Hy50, 0.19+0.05 -
R AN C,H340, 0.11+0.08 0.16+0.11
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=9
HAXE B /%
£ EY s
FNRY RS L1 /R
RN = ek CHyoS; 0.76+0.13 -
T D T B o : 0.38+0.18 -
BRI N S = i ik C,HsS; - 0.21£0.12
I N Ik R ik CeHioS» 14.25+0.16 0.26+0.12
LEE C,HO 3.41£0.15 -
IR CyoH 50 3.0420.18 3.27+0.21
B CioH 50 0.70£0.21 -
- i CioH,60 0.66+0.18 -
Liiai CioH 50 0.430.14 2.21+0.09
2- IR CioH,50 0.17+0.08 1.04+0.21
(D)-(-)-2,3-T % C4H 00, 0.12+0.05 -
HH s 7 — A C3H;0, - 0.18+0.09
2 C,H,0, 2.67+0.27 -
CLR CeH 1,0, 1.35+0.35 -
L-FLIR C;3H40s5 0.85+0.21 0.23+0.09
it &S
AR e C4H,Os 0.2140.12 -
FR CsH 160, 0.15£0.08 0.18+0.09
TR C4H;0, - 0.25+0.13
PR CisH30 0.71£0.12 -
T CisH300 0.38+0.10 -
P CyoHy60 0.37+0.13 -
IS 7 C;H,O 0.32+0.14 0.27+0.11
KT CHO 0.23+0.11 0.30+0.12
BT S T Ci3H ;50 0.150.08 -
2,4- T F RS H CoH;40 - 0.46+0.12
137 F J-4-(1-F Bk S 30 IR 2 e CioHi6 0.99+0.15 -
2-F 3L Y 5% 45¢ CisHs, 0.45+0.13 1.73+0.17
V5 o 1E TR bE CoHyg 0.140.07 -
2-WEA Tk CiHzy 0.16+0.06 0.81+0.19
2-HIE =k Ci¢Hszo - 2.52+0.21
4-Z I F-2- WA IR Y CyH 00, 3.0120.05 -
T CioH,,0, 0.13+0.07 -
HiAth 2 S-methyltetrathiane C;3H¢S, 1.53+0.23 0.37+0.15
4H-1,2,3-Trithiine C3H,S; 1.38+0.18 -
3,5- T AR R Ci4Ha, - 2.83+0.15
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