™ El O v LR 3010 8 1 gl 5 H 5 30l
' M Scopus M ek D91
2 b 3 @DOAT @1 ERR M
M EBSCO O i R B D FICSTPCD

SCIENCE AND TECHNOLOGY OF FOOD INDUSTRY MCA M EBOEARBITIRCCSE A*
@FSTA @ ISR % (WICD Hif
FAT - ISSN 1002-0306  CN 11-1759/TS  msr 1 B 5 RSB BRI P8 F T

FHTGC-MS. HTHAMETH T BRI B 4 KRR 4L

FRRK, HFEE, F R, T, A H, hEA

Exploration of the Evolution of Flavor Profiles in Ham Sausage during Storage Based on GC-MS, Electronic Nose and
Electronic Tongue

XIN Guangbin, XU Yujuan, LI Cong, WANG Zhaoming, ZHOU Hui, and XU Baocai

TELRRIEE View online: https://doi.org/10.13386/].issn1002-0306.2024060101

FAT RIS HA SO

Articles you may be interested in

BT L R T B2 S G SRR AT £ 7 TR 22 R AUBR 1) 22 57

The Flavour Difference of Yu-shiang Shredded Pork Seasoning Revealed by Electronic Nose, Electronic Tongue and Automatic
Amino Acid Analyzer

i Tl BHE . 2022, 43(9): 4855  hitps://doi.org/10.13386/j.issn1002-0306.2021070282

GC-MSZEG L 75 . HLT- 5 20 e R b3 L AR A XU 1l o
Analysis of Flavor Components of 6 Kinds of Yanshan Chestnut by GC—MS Combined with Electronic Nose/Electronic Tongue
ATV RHE. 2024, 45(2): 269-279  hitps://doi.org/10.13386/j.issn1002-0306.2023030357

AR K BRI RS NRHITR . UKD Jo S B IR A
Analysis of Free Fatty Acids, Flavor Substances and Amino Acids in Anfu Ham
Bhin TR, 2021, 42(16): 236-242  https://doi.org/10.13386/j.issn1002-0306.2020090113

3T HS-SPME-GC-MS5 HL 1 M SRV (4% A ) T A 72 1k
Change of the Volatile Compounds from Celery Leaves during Storage Based on HS—-SPME-GC-MS and E—nose
B TALEHE. 2024, 45(5): 212-222  https://doi.org/10.13386/1.issn11002-0306.2023040101

BT R B AN GC-IMS /Tt oI i A o (1 XU A2 £k
Changes in Flavor Substances of Lightly—pickled Cucumbers during Storage Based on Electronic Nose Combined with GC-IMS
Brin Tl BHY. 2024, 45(21): 254-263  https://doi.org/10.13386/j.issn1002-0306.2023110229

AR5 25 22 B A QR U AR R AR T 4 KRR M i J3t 147522 i)
Effect of Partial Nitrite Substitution by Pomegranate Powder and Tea Polyphenols on Inulin Ham Sausage Quality
Brih Tl BHE. 2024, 45(10): 84-92  htips://doi.org/10.13386/j.issn1002-0306.2023070208

KEMIEANRS, PFAHHEZTHRER


https://www.spgykj.com/article/doi/10.13386/j.issn1002-0306.2024060101
https://www.spgykj.com/article/doi/10.13386/j.issn1002-0306.2021070282
https://www.spgykj.com/article/doi/10.13386/j.issn1002-0306.2021070282
https://www.spgykj.com/article/doi/10.13386/j.issn1002-0306.2023030357
https://www.spgykj.com/article/doi/10.13386/j.issn1002-0306.2023030357
https://www.spgykj.com/article/doi/10.13386/j.issn1002-0306.2020090113
https://www.spgykj.com/article/doi/10.13386/j.issn1002-0306.2020090113
https://www.spgykj.com/article/doi/10.13386/j.issn1002-0306.2023040101
https://www.spgykj.com/article/doi/10.13386/j.issn1002-0306.2023040101
https://www.spgykj.com/article/doi/10.13386/j.issn1002-0306.2023110229
https://www.spgykj.com/article/doi/10.13386/j.issn1002-0306.2023110229
https://www.spgykj.com/article/doi/10.13386/j.issn1002-0306.2023070208
https://www.spgykj.com/article/doi/10.13386/j.issn1002-0306.2023070208

5 46 % 5 9 ] i Tl B Vol. 46 No. 9
20254 5 H Science and Technology of Food Industry May 2025

FOURK, VFE I, 22, 4. JET GC-MS. HL 1S Al 1~ 75 23 I i I S0 1) 1y UK A2 A [9]. 808 Tk BHE, 2025, 46(9):

295

XIN Guangbin, XU Yujuan, LI Cong, et al. Exploration of the Evolution of Flavor Profiles in Ham Sausage during Storage Based on

GC-MS, Electronic Nose and Electronic Tongue[J]. Science and Technology of Food Industry, 2025, 46(9): 295-306. (in Chinese with

—306. doi: 10.13386/j.issn11002-0306.2024060101

English abstract). doi: 10.13386/j.issn11002-0306.2024060101

- ST -

‘L
o

T GC-MS. HFEHNHTEHMT
K BB - Sk 1] ey JRUBR 2R AL

3_&%‘_‘1'2'3, i¢£ﬁﬁ1'2'3, 7#: H',‘gtz,:i’ EEyEHHLZQ, E n'-'1,2,3, %211,23,*
(1478 K5, Adels A M) TR FIE, ZHAH2 230009;
2AME T K, KT S A AL THH I TAZAF R P8, A2 230009,
3ARIIALKF, SR ARG E R L T RITREHMA £ 5 LT, A 230009)

H OE: AR AN ERAAN T @D @5 KRR R AL AR P Rk AF AL 09 T AL, B3 A AR k- R g
AL (gas chromatography-mass spectrometry, GC-MS) #=# F £ (electronic nose, E-nose) 4 M|i& & AL &4h, %4
&05 B N E (free fatty acids, FFAs) #&M]. &R AMA=& & f AR 547 Ak B ; @@L e F% (electronic
tongue, E-tongue) #%&& i H A LB (free amino acids, FAAs) AWM /AR T, RER A KR D ZRH A S
My ERGOMAAR A NS FT R EARZ 0 G X B TAAE, LRSI EREN, KRB ERH AP &
BAE 19 MAERMALS Y, A BT m, BBRASZEFTHE (P<0.05) , BAXFfkdh, Ko 2o s
TEF S (P<0.05) , BESZEAREWETHRNLY, oAl AN EZELARLESMATHAE., 3-F L%
. WERAe 1-F AL 2-AATEKE. b, BHHEFRSELEFTH (P<0.05) , BAANKFEE SR ANLKFT
FIt @ (P<0.05) o B EREY, KBS ki s AR & F A RN M wmmIFETHE (P<
0.05) , FoiAeil R ARG B MA E A F 698 wm 28 B (P<0.05) o 42E, KR &AL P LR4FIES T
WEREREMN., BB EAER., TORANARZT AR EERXRLSHZMGMEERA X, B%R4FIE
HEN T 2EE ARFAARSE0TLI AL,

KR KRR, Ak, Bk, B RIRER

HESES:TS251.55 SCARFRIRAD: A MEHS:1002-0306(2025)09-0295-12
DOI: 10.13386/j.i1ssn1002-0306.2024060101

Exploration of the Evolution of Flavor Profiles in Ham Sausage during
Storage Based on GC-MS, Electronic Nose and Electronic Tongue
XIN Guangbin'**, XU Yujuan'?*, LI Cong"**, WANG Zhaoming"**, ZHOU Hui"**, XU Baocai"**"

(1.School of Food and Bioengineering, Hefei University of Technology, Hefei 230009, China;
2.Engineering Research Center of Bio-process, Ministry of Education, Hefei University
of Technology, Hefei 230009, China;
3.Key Laboratory for Animal Food Green Manufacturing and Resource Mining of Anhui Province,
Hefei University of Technology, Hefei 230009, China)

Abstract: This study aimed to comprehensively analyze the changes in flavor characteristics of ham sausage during storage
from the perspectives of aroma and taste. The changes in aroma were investigated by gas chromatography-mass
spectrometry (GC-MS) and electronic nose (E-nose) combined with the detection of free fatty acids (FFAs), lipid oxidation
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and protein oxidation. Taste changes were evaluated through electronic tongue (E-tongue) in conjunction with free amino
acids (FAAs) detection. Partial least squares discriminant analysis, principal component analysis and correlation analysis
were used to explore the correlation and change patterns among these parameters. The results of aroma analysis showed that
a total of 19 volatile compounds were identified in ham sausage during storage, and with the increase of storage time, the
content of esters decreased significantly (P<0.05), the content of ketones and furans and thiophenes increased significantly
(P<0.05), and the content of aldehydes showed a tendency of increasing first and then decreasing. The significant volatile
compounds affecting aroma were propyl acetate, 3-methylthiophene, acetone, and 1-methoxy-2-propyl acetate. In addition,
the content of FFAs decreased significantly (P<0.05), and the levels of lipid oxidation and protein oxidation increased
significantly (P<0.05). The results of taste analysis showed that the umami and glutamate content of ham sausage decreased
significantly (P<0.05) with the increase of storage time, and the bitterness and histidine content increased significantly
(P<0.05) with the increase of storage time. In conclusion, the changes in aroma characteristics of ham sausage during
storage were attributed to lipid oxidation, oxidative degradation of FFAs, protein oxidation, and the interaction between
proteins and volatile compounds, and the changes in taste characteristics were mainly caused by the changes in glutamate
and histidine content.

Key words: ham sausage; aroma; oxidation; free amino acid
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Supelco 2\ 7l ; PEN3 g, F & {E[E Airsense 2\ Al ;




%465 5 oM

FIR , 4 FET GC-MS., HL A 75 30T KR 0 ] Frg RUBR A5 £ - 297 -

LC98-IAAA IR 4 A 4 M1 FEE SYKAM
7l 7890B K AH A% {1 32 B WATERS A 7 ;
SA402B L&  HA Atsugi-shi 23]

1.2 EWHE

1.2.1 KEREAN AT ra R KR A FETE IR
LA 2541 °C BIRBESAA S EATIN 238K, F143 AE 56
BF a5 %] 0, 30, 60, 90, 120, 150 A1 180 d A HUAE
Gl

122 BCEIFM 2% Huang 250 (1907 L3 ms s
M, PEHR 20 A& FUIAY & & Lok i sE A= (10 5B
10 2 ) XA [RI g Bs) [A] 14 K BRI A T IR E VP .
i FER LB — R PEF TR, AR S G A PR 2R T
PP, BRI S TR AL IR 2SS . SRR
WRAE o S 2L TIPS, B s fE FAR KR E . 52
I AN GURRIESR 1 Ara PEO AR, X KR 1) A
SRR ERR . PTRRFLSA AT 82 M HI S AR A TV
5y, B IFEBRIH A5k 20 41

K1 KR EVEE bR IE

Table 1  Scoring criteria for sensory attributes of ham sausages
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ZHCh: FEREIRE 1 s, B3AE 10 s, MEHTHE] 80 s.
TEVERTA] 120 s, BEEE A 400 mL/min. PEN3 HL, T
B EANEE 2 iR

2 PEN3 HL T 5 fRIan 44 IR SOV RE i

Table 2 PENS3 sensors name and performance description
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1.2.4 $ELEVEALGWRRI =% Liu G0 19757,
iHid GC-MS XL B LG P EA T A I . A

R A B RS AR EX 3.00 g iR A KRR I AR T
WA ZEBU A, A 10 pL #F% 10000 f549 2,4,6-—
FR LNk CPNAR ), 25 BT 22 b /5 4l A T 2s 25 BUR
d1, 7E 50 °C R INF 30 min, ZR)5 AT B FEFZE
Bl FEENZEHR)S, JEREFTAE 250 °C AR 10 min,

GC 4 14 : % /] HP-5MS UI {4, # 1 ( 30 mx
250 pmx250 pm), Srim bl 5:1. FHERR)T: Ein:
FATE 40 °C PR 3 min, ZR)5 LA 5 °C/min Y33 E T}
% 230 °C FH{54F 6 min, SIBFTEIE Y 47 min.

MS 58 IS, EL, B TR 230 °C, MS Y
T 150 °C, FEFNAEIRATE] 1 min, FH 0T & Y
35~400 m/z.

1 GC-MS 4t Z )5, i FH GC-MS W & i F
(NIST20.L) 347 Eh3R % e ¥ A TEAL G4, XTARMRUE
T 80% MYFE ARG T R, 1A
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Areay;,
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T Areag o S FE dl AT RT3 10 04 18T AL,
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4 S5 HIHA 1 mL 10% TCA YLHES )5, 76 4 °C..
10000xg B4 5T 250 5 min J5 B EIEWR, Horh w4
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SYWA 0.5 mL 2 mol/L ERhFAENZS o SRIGTE 37 C
A BRI 55F R W 1 h, ITA 0.5 mL 20% TCA. &5
D FEFFE LIEW, FHICK O BEM 218 O BRIR G 1)
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YW (1 mL) A 0.22 pm AKAHBERR D8 S 1R A S S
4= F iAo KIBRIAFE &b v i i 28 2 5 1R o i
LA mg/100 g KBRAZZIR o
1.3 HIELIE

FIT A SRR I IR, G5 R LB EAR IR 22 R
R(n=3) ., FEIELHIR A Origin 2021 # 4. fHH
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Fig.l1 Radar images of sensory evaluation data of ham sausages
with different storage time
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Fig.2 E-nose analysis of ham sausages at different storage time
TE: A Bk B: BR8] C: BRI AT SE 4 D: VIP (E; &
7.
I ATAFAE .35 22 5, IX R BRG] 18] pl 5 m, 2k
JRR i ) RO ARAAE 2 A T i 3 AR A, 5 I TR Sy
0 d AYRERR Z [H] AR 22 S OO . IWAh, 75 PLS-
DA i A2 SCHGIEFNHESAG 56 7] PATFA AL AL 1w
M, 4nlE 2C B, R*X=0.998, R*Y=0.936, 0*=0.865,
RPX FIl RPY AR AT LU R4 X A Y JE AR 8
B E 43 L, R*X-R*Y<0.3, 0*>0.5, LI 2 Lh e n]
FERYUS, SR AT E BAG S XS PLS-DA #4756 1IE, 1l

RIS T B R PP AR A A B . FEIE 2C v,
JEARE R? A2 T KPS B, B8E O* i T 1
My, RPEXRT O 1H, R* Fil Q% M RIT LR AR KT
1, O% B a1 U LR AR Ay 171, & IASEIR B A s kR ]
PEo B, A AR T IR S N A T e . VIP &N
€l 2D 7R, VIP (R (VIP>1) , i & I BT X I 1
TGRS SRR STk R . WIS 5 w2s
s TR 58 2A F WIS Fl W2S &y A
W&, X KSR EIE SR R P AR I A8 b 22
S FH R YA A W AN R 2 o 5 | S Y

23 EBAMUEY

SR iR FEAS R  Ta] 4 BRIz R AR AE
255, Xt KR Az v i & MR A P TR . GC-
MS K25 S Fe8H 7 ARSI S 19 FRE L 1L
G, Hoh ERZE S Fh L BESE 4 B WS 4 Fh L EEM)
1 A kg 2 Fl e RS 3 Fh(EE 3). 7 AAFES
Er R R RS W RTRSS, LR S W FSERS)
Ao KBRS AL G ) S i AR A A AN
& 3A s, FEE 5T A 0 d 2524 180 d, BRIs &
i 80.12 pg/100 g BEAIRZE 30.62 ng/100 g, 2 W35
T RE(P<0.05) 1Y A 2SS B 5.72 pg/100 g A%
k7 18.46 png/100 g, WA, EEE S 10.77 pg/100 g
A5k 30.51 pg/100 g, B i35 FFHEaA(P<0.05); [iEIs
YA R AR 0~90 d AU E] N Y 3.97 pg/100 g
A5 A1 10.97 png/100 g, 53 T (P<0.05) a3, I
TE 3~6 1~ H Wy I B (6] 9 B 10.97 pg/100 g 28y
4.74 ng/100 g, 2 2 R (P<0.05) .

AT W A3 BT A5 AR R A A P i AR A,
AT T RIS (E 3B) . KRG EIERIE FE 2N LR
PABRAN 1-FF 43 -2- TN 3k R IR, BRISIERIR Sk
AR A =30, bl T EAT AR SR B ]
IHERST K BRIz FEAA AR I SE M AR R, T et A v RIS
TR I RES SEURA KUK 51k, X S5EE T Y
g —a%, KR R A ERSE 3 SN 2-BEER L 2- T i
FITPRTER, PRI S A b s R o = A AR 2 SR B AR I
FEALI T, BRI T A AR IR A A, 3%
TFrakk, KBRS ) SR ] R

BIITEbT DRI . AL, R FIgEns-t e KRz T i
FEIERIEACE Y, XA S n] e P
SR SRR BLR BT R A A SERAE N
FEER T FLRRIE, (Bt AT iF 5T 2 HH SERAE S % 7T A
TERIAI A F 2 A TIF Al — 2 e 23R 2810
B, R FNEM R T e e A A A
AP, (R 3-FF JEmEnsy | 3-FF LR A 2- 7 3k
IR IR 7R R R o B ) S 2 T T RS KRR
SRS I AR T A DG . S & BE7E I RO (] S
PIHE TRE. JRAEEEISN S RIS, (R TR
SBRBIERA, AT KR St LA IR K5
Ml BT A SR R AR TS I SR U, X AR T
S H I S & B i G Y, AR Kihn 455 (14



=300 - B Tk B 20254 5 H
3 SIS (] R A A A B 5 i (ug/100 g)
Table 3 Content of volatile compounds in ham sausages with different storage time (1g/100 g)
e Py {558 Hﬂm TSRS [E] (d)
(min) 0 30 60 90 120 150 180
EE/L
1 LR 4589  52.16+4.30° 52.74+1.38" 21.08+1.58" 15.63+0.31° 24.18+0.72° 24.86+0.90" 20.14+1.36™
2 1-FR A -2 TR B 2 TR T 1546 19-84£1.42% 13.66+2.98" 11.80£1.32% 15.26+1.69" 8.83+1.37% 6.26+0.39° 11.91+2.00
3 BREFR T TR 20.38  1.08£0.11% 1.28+0.26™ 1.70£0.32° 1.57+0.86™ 0.70£0.13% 0.45£0.04° 1.22+0.06"™
4 R — iR 3026  0.62+0.07° 2.16+0.02° 1.35£0.09% 2.68+0.04° 1.36+0.03¢ 1.40£0.15% 1.93+0.14°
5 c MR 1632 2.59+0.49 4.54+1.18" 8.62+8.08" 6.54+2.14" 2.46+0.21° 3.45+0.01°° 1.05+0.16
6 T-mE 19.15  1.30£0.04° 0.63£0.16° 3.50+0.29° 4.16£0.07* 1.1120.09° 1.47+0.10° 1.13+0.12°
7 CLE 9.67  1.30£0.06° 1.95£0.06™ 2.06+0.06* 6.00+1.22° 3.12+0.15" 3.29+0.71° 3.3240.18"
8 TESEE 16.13  0.37£0.02° 1.06+0.01* 0.89+0.02" 0.95+0.23" 0.38+0.18" 0.19+0.17° 0.28+0.03"
9 PR 1294  0.94£0.07° 0.49+0.14™ 0.93+0.22" 1.00£0.12* 0.74+0.02" 0.36+0.04*" 0.20+0.02°
B
10 2- 1251 2.56+0.07* 2.93+0.76° 1.74+0.29° 2.57+0.34> 2.57+0.15* 2.40+0.44* 5.11£0.39"
11 2- T 1536 0.95+0.04° 0.94+0.02° 1.01+0.13° 0.89£0.15° 1.66+0.87 0.83+0.04° 1.91+0.01°
12 2- T 469  3.20+1.41° 2.25+0.55% 1.1240.42% 0.51£0.23% 2.45+£0.64" 6.83+7.04° 3.04+0.60°
13 PR 30.11 ND 2.03+1.12°  522+0.61° 8.31+0.58" 7.11+£0.02" 6.51+6.86 13.78+3.90°
S
14 3-FH SLwEwy 20.68  6.52+1.10° 7.3241.29° 7.62+£0.61° 8.69+2.12° 11.44+0.86" 13.33£0.41° 18.99+1.00°
URES
15 3- Sk g 30.74  2.79+0.27° 1.64+0.00° 1.41£0.07° 5.04+0.65% 4.57+0.06° 6.44+1.55® 7.05+0.50"
16 2- FH Bk Ry 2412 1.8240.88" 1.46£0.27° 4.19+0.45" 2.97+0.48° 3.45+0.70° 4.22+0.56" 3.36+0.06"
He
17 2,6-8(1L1-ZH 2 3)-4-(1-FREE) KB 20,63 0.2120.05¢  0.41+0.03°  0.31£0.04° 0.27+0.01¢¢  0.31£0.02° 0.32+0.02°  0.49+0.07°
18 1,2- 250K 2539  0.74+0.07° 1.51£0.22¢ 1.87+0.08 2.11£0.38° 2.59+0.11° 3.41+0.19* 0.38+0.10°
19 1,3- 250K 1946  1.35+0.04° 0.320.16° 2.70£0.10° 0.65£0.04% 2.74+0.63" 0.76£0.01° 1.26+0.28"

TE: RITAS R RE ORI RE A B 2 TP AE 35 22 57 (P<0.05, n=3 ), #4~K5[R]; NDFIR “ ARG E]” .
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Fig.3 Analysis of volatile compounds in ham sausages with different storage time
TE: Ax DU 5 SR R AEAL S W TE A [R]IEJBE 18] f) 35 A2 f AT IR A5 B: ZRZEARIE]; C: PCA [K]; D: il PLS-DA My 1 8 25 &
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Fig.4 Changes in TBARS values of ham sausages
at different storage time
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Fig.5 Changes in protein carbonyl content (A) and total

sulfhydryl content (B) of ham sausages at different storage time
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Fig.6 Correlation analysis between volatile compounds
and free fatty acids
T **%/R P<0.01, *£/~ P<0.05,

27 BTFE

FE - AL R B Pas . RAERe s, T
FALG NEIRGE AR, 9 12 T B R E Y
M L5 1Y 8 LR v SR R R 114 JC vk
FOTRI-6 FiI-13, HABFEFRITCHR A0 0, (I FJoM
U BRBEFE PR RS S AR E TG i, PRI LA v 1
TR AL B BEFE B A AT I T B PSS AT
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Table 4 Content of free fatty acids in ham sausages with different storage time

TR E] (d)

TERs NIz

(mg/100 g) 0 30 60 90 120 150 180
C14:0 10.44+0.17° 10.46+0.55 10.31£0.25° 8.97+0.16° 8.47+0.24" 7.65£0.29¢ 8.08+0.22%
C16:0 208.69+2.87° 205.42+10.59* 203.58+3.48° 176.00+3.13° 163.51+4.71° 162.81+5.78° 164.01+4.11°
Cl6:1 19.71+0.28° 20.73+1.10° 17.35+0.25° 15.72+0.29% 15.10+£0.42% 14.05+0.46° 16.48+0.44%
C18:0 102.49+1.22 101.01+5.16° 108.71£1.79* 91.01+1.54° 83.33+2.34¢ 86.01+2.89% 84.47+2.02¢
C18:1n9t 125.75+1.57° 123.8446.35% 117.18+1.85° 103.12+1.76° 94.83+2.68° 96.79+3.25% 96.66+2.40%
C18:1n9¢ 121.78+1.55° 109.43+5.61° 101.80+1.50°¢ 90.10+1.54¢ 89.04+2.52¢ 86.53+2.97¢ 67.84+1.79¢
TR 321.62+4.26° 316.89+16.30° 322.60+5.53" 275.98+4.83" 255.30+7.29" 256.47+8.96" 256.56+6.35"
AL ARG TR 267.24+3 .40° 254.01£13.05° 236.34+3.60° 208.93+3.60° 198.97+5.61¢ 197.37+6.68° 180.98+4.63¢

: C14:0—A HRE2; C16:0—F5MiR; C16:1—HERTHIAR; C18:0—MiiRR; C18:1n9t— ZLiHifR; C18: 1n9c—iHiiz .
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Fig.7 E-tongue analysis of ham sausages at different storage time

TEEHESHTANE 7C iR, RX-R*Y<0.3, 0>>0.5, It
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T, RPAEKT O {8, R? Al O iy A £R AR 4 R
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2.8 FEEER

e S S B 1) 2H RN B R R ) K R A 2R R AR
fERYEREZEREE . AR R A 8] K R iz B e 5 2 FE 1R
FrENF 5 N ARIEASEY 2R, TS a3k
BEIEMR, KR A7 P (e B AR b 2

#5

WA 2 B Ay 5 A B L TR T vy R 22 L1 (P<0.05) .
BREILIR N R TR A 2R . R L 0 4540
MiR . LHE1% . FEIR ARG &R . BEAE I AT Al 0 d
A5k 180 d, fEBRE AR B LR 195.63 mg/100 g [%
1 166.03 mg/100 g, & i R HE(P<0.05); 1M
RS LR Y Bl 154.33 mg/100 g BN LT E
166.86 mg/100 g, iX 5 H T 75 1w g 1 —3
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Table 5 Content of free amino acids in ham sausages with different storage time

RS I Ta] (d)
(mg/100 g) 0 30 60 90 120 150 180
KA 12.38+0.09 10.34+0.19° 12.65+0.35% 9.82+0.54 11.75+0.57° 9.20+0.65¢ 13.59+0.19"

IR 9.80+0.04° 8.11+£0.01° 9.61+0.01° 7.6120.69* 9.18+0.22" 7.11£0.40° 8.20+0.14°
225 R 11.20+£0.19% 9.55+0.25% 11.97+£0.27% 12.49+3.90" 10.40+0.13% 8.62+0.18" 11.69+0.25%
HHEMR 183.24+1.74° 174.82+0.10° 170.13+0.63% 172.74+3.03% 168.23+0.13¢ 162.05+3.64° 152.44+0.61°
HaEm 13.34+0.03" 11.98+0.10% 14.00+0.01° 11.25+1.13° 12.95+0.03 12.07+0.65" 13.19+0.10®
[N 34.19+0.05 30.51+0.13% 33.47+0.05" 26.34+5.76™ 29.49+0.26™* 24.66+2.10° 31.56+0.16™




304 Tk R 2025 4F 5
&S
B AR WP TR] (d)
(mg/100 g) 0 30 60 90 120 150 180
LR 0.65+0.06° 0.560.07° 0.58+0.10° 0.59+0.03° 0.62+0.18° 0.58+0.03° 0.57+0.05°
i R 6.49+0.03° 5.84+0.11% 6.49+0.15° 5.11£0.94" 6.10+0.36° 4.84+0.14° 6.4620.15°
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Fig.8 Correlation analysis between flavor and physicochemical
parameters
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