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Substances and Flavor Amino Acids of Sausages During Storage

KANG Xinyue'?, CHEN Hongfan"?, MAO Jingjing’, NIE Xin'*", LIU Dayu’, ZHANG Yin*, ZHAO Zhiping>"

(1.College of Food Science and Technology, Sichuan Tourism University, Chengdu 610100, China;
2.Meat Processing Key Laboratory of Sichuan Province, Chengdu University, Chengdu 610106, China;
3.School of Basic Medical Sciences, Chengdu Medical College, Chengdu 610500, China)

Abstract: In order to test the effects of the crude extracts from Rhodobacter sphaeroides (CCRS) on the volatile flavor
substances and flavor amino acids of sausages during storage, the sausages were respectively processed with addition of
CCRS at higher, medium and lower concentrations. Sausage processed without addition of CCRS was used as control. The
volatile flavor substances and free amino acids were respectively analyzed using headspace solid-phase micro-extraction
gas chromatography mass spectrometry (HS-SPME-GC-MS) and amino acid analyzer. The experimental results showed
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that a total of 36 volatile flavor substances were detected by GC-MS, including 17 alcohols, 1 ester, 10 aldehydes, 2 acids, 3

alkanes and 3 other components, among which 8 substances were considered the main flavor substances. Multivariate

statistical analysis showed that the content and types of alcohols in sausages added CCRS were lower than those in control

after 3 months storage. After 6 months storage, the alcohol content in the sausages with CCRS was higher than that of the

control. However, the aldehyde content of the sausages with CCRS was lower than that of the control. Moreover, the CCRS

promoted the production of ethenyl hexanoate, which was the only one ester in the sausages. On the other hand, the addition

of low concentration of CCRS reduced the content of heptaldehyde, octanoic acid and other odor substances. Amino acid

analysis suggested that the CCRS increased the proportion of delicate and sweet amino acids. The taste activity value

(TAV) analysis indicated that the histidine TAV value was the strongest and had the greatest impact on sausage taste. The

present study would provide a theoretical basis and technical support for enhancing the flavor quality of Chinese traditional

sausages based on the metabolites of Rhodobacter sphaeroides.
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Fig.1 Differences of different volatile components in different
groups of sausages
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Table 1  Volatile flavor composition and content of different sausages during storage(%)

AR RT CAS A3 B3 c3 D3 A6 B6 c6 D6
IEE B 635  111-27-3  1.56£0.00° 2.11£0.00° 3.18£0.0° 0.90+£0.00° 4.37+0.01° 18.06+0.02° 18.42+0.05" 24.84+0.04*
1-PEfe-3-fi 937  7383-19-9  4.57+0.00 - - - - - - 2.82+0.00
127 45-3-1% 10.38  3391-86-4  8.35+0.00° 8.88+0.00° 10.94+0.01* 8.90+0.01° 4.74+0.00¢ 5.37£0.00% 6.26+0.01° 9.37+0.00°
3,5 - -2 1296  69668-82-2  0.75+0.00  0.57+0.00 - 0.7140.00  0.47+0.00 0.27+0.00 - -
-2~ — i 1441  75039-84-8 - - - 1.230.01 - - - -
3-FA3L-1,6- B -3 1541 34780-69-3  3.92+0.00 - 2.92+0.00 - - - - -
E P 1005  111-70-6  0.59+0.00 0.59£0.00 0.82+0.00 - 0.71£0.00  1.01£0.00 1.04+0.002 1.31+0.00
-2 - 1 - 1439  41453-56-9  0.87£0.00 1.29+0.01 - - - - - -
4.5- I F-2-Pids-3-B 1544  55956-37-1 — 4.18+0.01 - 438+0.01 6.56£0.00 5.29£0.01 4.56+0.01 2.77+0.00
IR 1431 696-71-9 - - - - - - 0.45£0.00  0.41:0.00
2-T-H-1-B 14.464 22104-79-6 - - - - - 1.610.00 - -
4-2 Fe-1- -3 1277 5877-42-9 - - - - 0.42+0.00 - - -
(-)-FHAIERE 13.25 27779-29-9 - - - - 0.35:0.00 - - -
4- RO 12.768  4534-74-1 - - - - - 0.320.00 - -
4-HIEE-4 fHEEGBE-1-BE 1978 5215-92-9 - - - - - 0.58+0.00 - 1.57+0.00
4,4,6-=H B -2-E05-1- 28.88 1000144-64-7 - - - - 0.37£0.00 0.40+0.00  0.30+0.00 -
R 1628  60-12-8 - - - - - - - 0.5120.00
Js8s 19.06 17.61 17.85 16.13 18.00 32.90 31.02 43.60
Be
LR L Js T 13.93  3050-69-9  6.42+0.02 8.35+0.00 7.15+0.01 9.56+0.00 - 7.7140.00 7.68+0.01  6.27+0.01
1 438  66-25-1  50.99+0.01* 47.76+0.05" 50.93+0.03" 49.06+0.02° 33.14+0.02° 27.51+0.03" 27.28+0.03" 15.44+0.01°
R 730  111-71-7  2.82£0.00° 2.91+0.00° 2.63+0.00° 3.01£0.00° 2.31+0.00™ 1.62+0.00% 2.02+0.01%¢ 1.41+0.00°
-2 J T 13.75  2548-87-0  5.47+0.02° 3.65+0.00° 2.48+0.00° 4.39+0.01® 3.67+0.00™ 2.78+0.00" 2.20+0.00° 1.90+0.00°
T 1587  124-19-6  5.59+0.00° 5.74+0.01° 6.23£0.01° 5.55+0.00° 6.05+0.00° 5.89+0.00° 6.03+0.00° 5.62+0.00°
Jea-2- T 18.73  18829-56-6  0.65+0.00 - 0.57+0.00 0.75£0.00 0.91£0.00 0.67+0.00 0.66x0.00 0.54+0.00
(E,B)-2,4-T- 4l 10.83  5910-87-2 - 0.98+0.00 - - 0.69+0.00  0.67+0.00 - -
(E)-2-BMims 938  18829-55-5 - 2.13+0.01  1.32+0.00 2.07+0.001 1.58+0.00 1.32+0.00 1.71+0.00 -
JR-2- B8 I 2459  3913-81-3 - - - - 0.79+0.00  0.66:0.00 0.54+0.00
2- I 20.61  2463-77-6 - - - - 0.41£0.00  0.41%0.00 0.37+0.00
Bk 29.61  104-67-6 - - - - - - - 0.43+0.00
o8y 65.52 63.17 64.15 64.82 49.55 41.52  40.810.41 25.34
[ivES
[SAi7d 1211 142-62-1  2.57£0.01 2.97+0.01 2.4540.01 9.80£0.01 6.34+0.00 4.95+0.01
FR 2040  124-07-2 - - - - 0.39:£0.00 - - -
o8 s 2.57 2.97 0.00 245 10.20 6.34 495 0.00
[SHEES
158 be 3.76  543-59-9  2.90+0.00° 2.69+0.00™ 3.23+0.00" 3.34+0.01" 2.16+0.00° 3.25+0.00* 3.77+0.00° 2.15+0.00
2,3- 4 -4,4- F 3R R e 320 53897-30-6 - - - - - - - 0.45+0.00
(Z2)3-2362-F3-1,3-C. 205 12.50  74752-97-9 - - - - 0.41£0.00  0.32+0.00 - -
JE85s 2.90 2.69 3.23 3.34 2.58 3.58 3.770.04 2.60
HoAth
S S Sk 1444  24566-90-3 - - - - - - 0.73£0.00  1.10+£0.00
2,4,6- = LN IE 10.92  108-75-8  1.78+0.01 4.48+0.03 5.13+0.00 1.79+0.01 10.67+0.01 7.76+0.01 10.26+0.01 21.36+0.03
CLRIET 13.94  2051-49-2 - - - - 9.09+0.01 - - -
PS8 s 1.78 448 5.13 1.79 19.76 7.76 10.99 22.46

TE: RS ALY B AR B E, a, by cFREARIZOR B2 57 (P<0.05); —fUFARAH .
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Table 2 Threshold and ROAYV values of sausage volatile substances in water
4150 1Y (mg/kg) A3 B3 c3 D3 A6 B6 c6 D6
iy 0.2 0.08 0.13 0.18 0.16 0.88 0.88 0.90 1.50
-3 4-3- 1t 0.01 8.34 10.65 12.49 3.38 524 5.24 6.14 11.35
1E PR 0.023 0.25 031 0.41 0.22 0.43 0.44 0.44 0.69
PR 10 - - - - - 0.00 0.00 0.00
L 0.045 - - - - - - - 0.14
LR L Js i 0.001 64.12 100.00 81.64 82.94 - 75.37 75.38 75.96
ECR 0.21 242 2.73 277 1.13 1.28 127 127 0.89
PR 0.01 2.82 3.49 3.00 1.64 1.58 1.98 1.98 1.71
-2 0.061 0.90 0.72 0.46 0.43 0.45 0.35 0.35 0.38
T 0.035 1.59 1.97 2.03 1.23 1.64 1.69 1.69 1.94
T -2- TR 0.000065 100.00 - 100.00 100.00 100.00 100.00 100.00 100.00
(E,E)-2,4-T- —Js i 0.0006 2.42 19.61 - 8.17 10.89 - - -
(B)-2-BHiwE 0.75 - 0.03 0.02 0.02 0.02 0.02 - -
S aX-2- B4 I 0.15 - - - 0.04 0.04 0.04 - -
Bk 0.025 - - - - - - 0.00 0.21
Ciz 81 0.00 0.00 0.00 0.00 0.00 0.00 - -
¥R 101 - - 0.00 - - - -
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Fig.3 PCA score for the flavor substances from the sausages
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I e TEERET AN R P S G HiTlE Q, . SRS
N FEEPUREARTE TR, 1S T A NRR B A AL
P BT RO 35 P XU A IO 55 s (] S5 £ iy I
A AR I e 1 i st Ta] D] 38 X224 A M XU ) o
S AR SEPE IR/, IECUEE  IEBEE ., (E,E)-2,4-
T . T . ORGSR . 1504 -3-FE . IEC
Ji | BT S EER AT AN AR AR S I B SR AR, A
MK FR

2.2 EEAE R R AT

2.2.1 WOEHEIER & At BN S Bt
A, R S N TR A R R A E T 14y
fit Ry Z2 KN B 2 LR, ViR 3 S H I, A3 F g
SRR S B EER T B3 I C3 I (P<0.05), {H
WS T D3 FW(P<0.05), 15 3 s, T
6 A BT, A6 Tl B MR & W EILT D6 &
(P<0.05), BB T B6 Fll C6 F ., ASFEIEHT
6], KA X BB IEIR S e AR I o Rl 45205
Jigy W %ﬁ%ﬁnﬂkzﬁ%ﬁmmtf} 5 R A
P2, FRUAIEERZT AN R I Es e T 2R P
PR 7K i o T A I RN DR A Gl IR AT R T 5 R 2% AR 11 32
IEUSL R 3 S H B, B3 Fl C3 Fr A & IR Al R4
AR SR EBE ST A3 Fm(P<0.05), BiIHZSERLT
AP EE PP R T A SR IR A S PR A R S 1R
B4, AT RESE T2 ERLT R ) v & A IR

it AR TV S A LR A R (R 6 1 H B,
A6 TR AR KR AAEAR & B R E ST B6
1 C6 F 7 (P<0.05), (H B EALTF D6 Fhm(P<0.05),
2.2.2 WUV AU B A SR RV U R A
PRI BT R IR Y T = —, N [FIE S A R HA AN
SRR, TS ONEER L BHBR . TR RS AR

Z A E SV, X B G sk HA BB S
2o JHFLL TAV I8, TAV>1, RIIZE LR FTFE
ARG F= AR RN TAV BRI, XA RIS, A
T AT LIEH, REAR . 4%0% . ThER. NER
1 TAV AHBEIN, MU g s s, 412
FRLEFTA A i) TAV AETF 1, U6 X 76
3 A6 N AR B 52, HEEE
FRCHS () P B, T BTG R A S M2 e . 2H AR
SRR IENR, A /D S B REREAIRLH &R EH o
WHETR . KR SRR . AR AR PN 2R AT
S 6 I H A A EERA BIGE N, H D6 iz ha bk
fig TAV HXE T A6 Tl . HER. BEEER . =2
P Al 52 E RN T D6 I A6 T AR, IF H D6
T TAVIHKT A6 T N Flf &0 iR ()
D6 I —E s . R 4 a5, A S0 Y7
W 3 A~ BT RE S BRI R AR E . iR 5
AL W 3 A H B, BRI B Sk S 1 i e i R
HHIR 2 LR 1 L -

3 I EILR &= (mg/100 g)AEfk
Table 3 Changes of amino acid content (mg/100 g) during storage

4 A3 B3 C3 D3 A6 B6 c6 D6
REHER 11.410° 17.549° 18.864° 11.973° 56.432° 24.560° 22.340° 71.034*
AR 14.835¢ 30.680° 28.890° 13.969¢ 115.283° 44.295¢ 41.154° 146.750*
225418 13.314 55.048 25.284 20.078 97.858 38.274 37.370 123.594
HER 15.873 16.710 29.122 6.372 134.215 46.528 48.997 151.249
AR 38.256 58.130 67.571 28.752 170.936 82.655 73.690 213.149
KR 21.015 44.956 44230 16.710 141.625 59.403 58.451 187.688
IR 26.490 58.757 52.220 22.025 108.013 82.581 78.922 246.031
AR 4.290 10.083 8.117 3.501 31.421 12.886 12.876 42.619
eV 49.902 88.019 78.067 38.536 279.652 127.882 126.285 326.562
Ji% 2 R 32.950 62.290 62.057 25.004 187.595 88.605 84.507 227311
AR 23.826 34.256 43.015 14.871 114.686 49.535 44.865 134.881
AR 24.819 40.152 37.699 13.824 108.636 48.940 45.035 133.275
S AR 57.657 22351 30.238 12.165 117.885 43.413 51.795 132.982
SERMR 10.390 55.962 47.947 20.862 194.770 72.293 69.523 228.754
RN 41.860 88.268 84.391 36.568 246.264 123.794 115.770 301.458
R 9.340 9.620 13.349 6.679 17.961 13.895 10.888 21.069
RSy 396.228° 692.830° 671.060° 291.889¢ 2123.2318 959.541¢ 922.469° 2688.407*

e R A ALY BTG T B AR S a. by cFORER A BRI B E 2 5 (P<0.05); A, B, CR/RA RO A &A1 B 2125 5 (P<0.05) .

# 4 WEINFHEILR TAV H

Table 4 The TAV value of sausage amino acids during refrigeration

AR AR A3 C3 D3 A6 B6 C6 D6 N E SRR
RAEHAR 0.114 0.175 0.189 0.120 0.564 0.246 0.223 0.710 100 fif Ik
BAR 0.494 1.023 0.963 0.466 3.843 1.477 1.372 4.892 30 fif Ik




360 Tk R 2023 4F 6 J
Hk 4
IR A3 B3 C3 D3 A6 B6 c6 D6 PR B SIRRRED
RSy 0.608 1.198 1.152 0.586 4.407 1.723 1.595 5.602
ZF R 0.089 0.367 0.169 0.134 0.652 0.255 0.249 0.824 150 LS
HaEm 0.122 0.129 0.224 0.049 1.032 0.358 0.377 1.163 130 LS
INEIR 0.102 0.226 0.201 0.085 0.415 0.318 0.304 0.946 260 LS
[N 0.072 0.168 0.135 0.058 0.524 0.215 0.215 0.710 60 LS
K=V 0.166 0.293 0.260 0.128 0.932 0.426 0.421 1.089 300 LIS
S8y 0.551 1.183 0.989 0.454 3.555 1.572 1.566 4732
Jis E R 0.362 0.685 0.682 0.275 2.061 0.974 0.929 2.498 91 R
RNy 0.596 0.856 1.075 0.372 2.867 1.238 1.122 3372 40 VS
HAR 0.827 1.338 1257 0.461 3.621 1.631 1.501 4.443 30 VS
SRR 0.641 0.248 0.336 0.135 1.310 0.482 0.575 1.478 90 R
HE MR 1913 2.907 3.379 1.438 8.547 4133 3.685 10.657 20 VS
Hi =R 0.420 0.899 0.885 0.334 2.832 1.188 1.169 3.754 50 VS
SERR 0.055 0.295 0.252 0.110 1.025 0.380 0.366 1.204 190 R
RN 0.465 0.981 0.938 0.406 2736 1375 1.286 3.350 90 [US
e 0.467 0.481 0.667 0.334 0.898 0.695 0.544 1.053 20 [US
JE8y 5.746 8.69 9.471 3.865 25.897 12.096 11.177 31.809
F5 WHHHE AR MR & (%)
Table 5 Proportion of different flavored amino acids in sausages during storage (%)
LR EERRIE A3 B3 C3 D3 A6 B6 C6 D6
AR AR 8.81 10.82 9.92 11.95 13.02 11.19 11.12 13.29
fif IR 2 SR 7.98 10.69 8.52 9.26 10.50 10.21 10.92 11.23
TR SR 83.22 78.49 81.56 78.80 76.48 78.59 77.95 75.48
3 ghig eE
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