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Abstract: In this study, Chinese sausage was prepared by replacing sodium nitrite with thearubigins. To evaluate the effects
of the substitution of sodium nitrite on the storage quality and flavor of Chinese sausage, the changes in chromatic value,
water activity, pH, acid value, thiobarbituric acid reactive substances value, volatile base nitrogen, sensory score, and
volatile flavor compounds during storage were measured. The results showed that compared with the control group of
sodium nitrite, there was no significant difference (P>0.05) in the coloring effect (a” value) and sensory scores when 50% of
sodium nitrite was replaced by 200 mg/kg thearubigins. The degree of lipid oxidation and protein degradation maintained at
a lower level. GC-IMS difference map showed that volatile flavor components were closest. The study indicated that the

partial substitution of sodium nitrite with thearubigins could maintain good quality of Chinese sausages during storage, and
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reduce the amount of nitrite addition effectively. The thearubigins showed certain application prospects in the processing of

meat products.

Key words: thearubigins; sodium nitrite; Chinese sausage; storage; quality; flavor compounds
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Table 1 Scoring criteria of sensory evaluation
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FHVEAE A RS TIALEE: BURE S 2 g, ZRBRIAR, Ik
INFCRER 72 A 20 mL T2 Z RO, %5 EE, 60 °C
WFE 20 min Ja R, ERESR: OIS ISALN Rix-
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N,, ti# > 1 mL/min, JHRFER N 45 °C {fF5F 3 min,
5 °C/min F+Z 90 °C, AMEHFF, 10 C/min FHEZE 230 C
LREF 6 min, JERESEAF: B FURIRE S 200 °C, HLE
A FHE, BT REE N 70 eV, K STH TN

120 pA, FHE BT EHEF (m/z) 2 30~550,
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TR SCER B =N EE, SR R LA
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2.1 FAEMNPRBFFELIEARHIRIN
2.1.1 B BINASLLE X U I (R R

WA AN 2 N o WA, AR T AN ERZH
i LEYAIRE RS B R e i R, 77 3 d R RERSCH
W, 7 d JERaTRGE, SN 2R FEE K
S SR RS EULPIXH G E ST R AL, AmifE
ST AS RGN P 14 d ), 5 N120 X ZH AH
It., TR400 £HFN1 TR300+N30 £H L™ {H TG i & 25 55 (P>
0.05), 1fii TR200+N60 £H A1 TR100+N90 2H (1) L™ {H
KT N120 X HEZH (P<0.05) . A BERY a™(HLE
e, US4 K B sm S R T R BE U 4132 (P<0.05) 6
B (0 d) By o "BELE R, RSnZReZAF] T

F2 A FEXPAE AN

Table 2  Effects of thearubigins on chromatic value of Chinese sausages
(A SE(E Fif 1] (d) N120 TR400 TR300+N30 TR200+N60 TR100+N90
)5 68.79+1.50° 65.83+2.32" 64.61+1.22° 63.98+2.51° 68.19+0.28°
0 55.18+2.04° 52.98+1.87% 52.94+1.54® 49.67+1.48° 52.93+1.61®
L 3 46.32+0.26° 48.52+1.77% 49.89+0.25° 46.87+0.75" 49.01+1.84
7 46.09+1.48" 43.84+1.19" 45.77£2.77° 44.92+1.55 40.33+1.41°
14 44.03+0.07° 43.71£1.24® 42.70+1.05% 41.60+0.14° 42.12+1.28"
)i 10.44+0.24° 14.58+0.72° 12.44+0.34° 14.41£1.00° 14.00+0.77°
0 20.65+1.23 15.32+0.81° 19.18+1.02® 19.13+0.98% 18.2040.97°
a 3 18.75+0.55° 13.00+0.42° 18.44+0.28° 18.46+0.11° 16.59+0.77°
7 18.35+0.41° 12.36+0.63° 16.34+0.60° 17.42+1.06™ 16.48+0.81°
14 18.75+0.95° 13.29+0.31° 17.46£1.13% 17.660.55® 16.96+0.19°
PRI 12.15+0.39° 13.1920.58™ 13.04+1.00" 15.13+0.67° 13.39+0.29°
0 12.60+0.32° 16.58+0.58" 13.2141.29° 13.22+0.55° 14.880.29"
b’ 3 10.16£0.29° 15.19+0.35° 10.71+0.67° 9.59+0.79" 10.61£0.99°
7 12.45+1.56™ 14.01+1.43° 11.13+0.52% 9.89+1.02¢ 11.18+0.25%
14 12.75+0.73* 12.57+1.33 10.64+0.18 10.10:£0.68" 11.16+1.10®

TE: A — 17 AR TR R AP AR k22 52 (P<0.05), %6,

F7MH .
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Sy B, MRS B S o AR K A
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N120 XFHELH, BEBHAHEE T HSIEASAREN, IS INASLT R
RS P BEXT K A I 85 SR v . P 14 d B,
FH BT RS K ST TE BERE 2 0.5~0.6 7K, AS40 RN
i Xt 7K 43306 B TG A S R, 3B P IR D,
TKAFEUR B — R, /KGR THRRE .
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Table 3  Effects of thearubigins on water activity
of Chinese sausages

2051 PR R 0d 3d 7d 14d

N120  0.92+0.01* 0.84+0.02" 0.78+0.01° 0.70+0.01* 0.53+0.01°

TR400  0.89+0.01° 0.83+0.01° 0.76£0.01° 0.70£0.00° 0.60+0.04"
TR300+N30 0.87£0.01° 0.85+0.01° 0.78+0.02% 0.69+0.02" 0.56+0.00"
TR200+N60 0.89+0.01° 0.83+0.00° 0.80+0.01* 0.69+0.01* 0.57+0.01*
TR100+N90 0.89+0.02° 0.83+0.01° 0.77+0.01% 0.68+0.00° 0.52+0.01¢

;A —FIAN R 7B RN A7 A 3 25 57 (P<0.05) 5 4. 5[],

2.1.3 pH FLa X =UEF pH M2 4 Jir
TN, USSR L1 35 00 TR BE AN U 26 0 d i AR i
pH 4 & 2 I T N120 X 18 25 ( P<0.05) , # Ik Y
pH A PR PR 9 AR A, DT ARIE = i 28
L pPERO R HATE], 5 TR200+N60 ZH 4, FHidx2H 51
FHFET pH RIS T S _ LIS, pH TR
A S ML 28 SRS T i ST R I B AT G, T8 E
ARUHEIE T KA & W) 53 r= AL PR, [RIRHBAT )
TIE A 1A A0 A g IXUIAR P15 T S AE e 7~14 d
pH [T, AT BB PR S #6755 A N VR i A0 (kA= 42y 3 (R 4E

T, AU AR A UK . 2 HE R R SEmE4)
B, 35 WANG S50 fiisesi R—a.

F 4 RLAFXHAEN pH AR
Table 4 Effects of thearubigins on pH of Chinese sausages

25 [8)i3 0d 3d 7d 14d

N120 5.68+0.02° 5.97+0.06* 5.88+0.02° 5.81+0.02° 5.98+0.05

TR400  5.51£0.01° 5.88+0.03" 5.76+0.03% 5.72+0.01° 5.84+0.03°
TR300+N30 5.50+0.03° 5.83+0.04° 5.81+0.01° 5.59+0.04° 5.97+0.05"
TR200+N60 5.62+0.03° 5.85+0.07° 5.92+0.02° 5.95+0.02" 6.00+0.03"
TR100+N90 5.51+0.03° 5.87+0.03° 5.75+0.02° 5.72+0.03° 5.91+0.05"

22 FAERNPREBEHENIZENZMN
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F TR100+N90 20 (P<0.05), Bt LL K 5 W ANBREN
52 e REREANE B P AR 0 SRR B . FEIE T
2, FIHFE AR M XS L A, TR sE—)E,
B AN ARAAR Ry S s Wi 5 8], B b T hHEa g
SHHH N, 55 14 d B, N120 %F BEZH T ke i R pr F2 A1,
SRLTZE VR NINZE T, TR200+N60 2H oK 52 30 3 351 25 5+
(P>0.05) FMHAel g ] i G e b2z s v 4
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g . AWFFE Rl BB T 2540 R 5 AN R AN PRI/ E
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Fig.1 Effects of thearubigins on acid value of Chinese sausages
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Fig.2 Effects of thearubigins on TBARS value
in Chinese sausages
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W

JH, TEW SN (14 DIEMN T, BA Ehepmgsinss
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1R 50% NVAEFREN A A AR F1 TBARS {HAEFEA
e A N S AER P ERAROK O, B R T2 is i it ik
BEEA, T HI SR IR IS
23 FAERMPRAEHEBERIZEZ

R AEERFE AR HH R P B RN S A 4 4y
AR 1 T A I S S S5 & S T, T e B,
P& f At T, a2 FH St i o ) i) il 2 75 I AR T 1)
FEARARC . F PR I 00E BEREAA v e A S SRR
F/INUR, X AR FNE SR B E Y, i B 251
B R AITE AR ERE Y R RS, R SRR A
B R EE . an3R 5 s, BEN i a4, 2520505
PEE MR S R R BT, R 7 d W, £5¢H 0]
R S PR R FE RUK S 2 B i 25 25 7 (P<0.05), H
A1 TR400 ZHF1 TR300+N300 2H & feflk. W 14 d
A, N120 % B8 2 3% &1k 3k 35 (0 & & 5 Ik, TR200+
N60 2H 5% M2l & 3o g P22 5, H 5 TR300+
N30 40 & 42T (P>0.05) . 45530, TR300+N30
ZHRPEIIN 300 mg/kg ZRLL 2R 75% A AHBRENXTHN
Fir o i WL 3 S L2 R 7 N vl O S 6L I [ T S
TR200+N60 2H X85 [ BT R SR o s 3, Il BB
FH T IEAE IR AN E R B A SRR, AL 2= H 5 2E )
W R E0 .

RS RLAFXHAENIE LIRS S0 (mg/100 g)
Table 5 Effects of thearubigins on volatile base nitrogen
in Chinese sausages (mg/100 g)

2151 0d 3d 7d 14d
N120 3.85+0.35°  5.25+0.92°  12.25+0.92®  17.73+0.88°
TR400 4.55+0.61"  7.00£0.35*  10.97+0.73%  23.68+0.53"
TR300+N30 4.31£0.20®  5.48+0.53°  10.38+0.40°  19.37+0.88"
TR200+N60  5.01£1.32®°  6.65+0.92°  12.48+0.80°  18.55+0.61"
TR100+N90  5.60+0.85*  6.07+0.81®°  12.37+0.73"  22.40+1.05°

24 FLOZMHFTHPREPRERREIRN

BUYp 14 d BRI TIECE PR, S5 R an3E 6 At
7N, N7 T, B TR400 41, FoAY4H 515 N120 X g
H I JC W2 B (P>0.05) . H4URZS 7 m,

TR200+N60 2H 5 TR100+N90 £H 5 N120 % & 4H JC
I 2 PE2E SR (P>0.05) o (A U7 Th, N 120 X B8 25
TR200+N60 2H15 5w, S E PR S LSS
SR—3, ASRJTHE, [ TR400 24H, HoRZR4r EZ U
55395 N120 X R 4H JC i & P22 5 (P>0.05) ., [
BT 1, TR200+N60 2H-5 N120 Xf FRZH PE4M 80T, 32
B U H R . £ GG TS PSS, 45 2R
FEHAVRTN 200 mg/kg ZRLT IR 50% WAHBEREN T 3R
155 4 AR N LE A A 24 BB Y Al .

6 RLLFXHAENEE P IR
Table 6 Effects of thearubigins on sensory evaluation
of Chinese sausages

215 N120 TR400  TR300+N30 TR200+N60 TR100+N90
SMIL 8.13+1.13° 6.50+1.60° 7.63+£1.19" 8.31x1.22° 7.94+1.08"
HEAVRE 8.56+0.82° 7.19+1.56" 7.3120.70° 8.50+£1.10° 8.06+0.56"™
BPE 831+0.80° 6.13+0.83° 7.00£0.76° 8.13+£0.79° 7.75+0.89®
AWK 7.25£1.04° 5.75+0.89° 6.50+0.76" 7.44+1.24" 6.88+0.64°
K 8.06+£0.94" 6.88+1.00° 7.00+£0.93% 7.87+0.95® 7.38+0.52"
B4Y 40.31£0.96° 32.45+1.23¢ 35.44+0.86° 40.25+1.02° 38.01+0.76°

2.5 FAEXPRNEFIZE LXK B LE R RIS

FL T LA F8 bR RS I AN S AT 45 S, 2k PRI i
14 d B9 =40 75 I kL 5 N120 XF B8 20 . TR400 23 F1
TR200+N60 2H i 17 4 & KU ) o i 7 . 38 o
GC-IMS Fsil 2] ) KUK ) BT AP 2SS FNAE XS 35 Fegeitan
2% 7 iR, 3 A T ARG I 2 39 B & M XL
PR T, bR 14 FREESS . 12 FEESS . 6 Rl
4 FRERZE A K HAmZE 5]

MRS 3 P T RS o LY e 22 4 2 P AUk
Yy, HEME AR, XXk stk e, Hoh, iR 2
Wi, THERZER AN 2R 2l = AN Sy, RS
B2 EYT R EFIIEA SR, GelmApg T
AR IR, BT 14 58 H A SO B REAE UBR Y,
3 ZAAEAN R, N120 X HEZH A9 O 1R Z I AR 2 . 2
5 T TR400 ZH Fll TR200+N60 £H , 1fii TR200+60 2H
T Z R ZBEARXT &5 TR400 20 7 T R L EEAEX &
R =T N120 %P REZH (P<0.05) . CHEN 4§09 fijf
SERM, IR EEEF P AR S, TRAES. Ok
IR AR ARG B (OAV {H), FRAHHEXT
Tl A AR A BRI DTk E - TS d o R .3
IS, B WA S AL FE AR 5 8 SE A 0 LA S B8 P B /K i A
SHRIEMAC Y, YRR T R E RS,
IR B n BE S = A T IR M g SR E . BT
K E IS o, AR A R e, OO TN
AN Z T . N120 X Re2H b P S AN O s AH X 2 2 i
#18F TR400 20 (P<0.05), 1fif TR200+N60 £H 1) 2,
BEA AT &5 NI20 % FE 4 $2in, W E E & T
TR400 £H.(P<0.05) . H3%h, 3-H FE TR 2-H N
W AT S A 2R S n] a] A, B A i UK B
JE£, 33X P AR ZETE TR200+N60 2H i) & B i 35 8
T N120 XF FEZH Fl TR400 2H (P<0.05) . 6 P4y
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Table 7 Effects of thearubigins on volatile flavors
of Chinese sausages

—— AN (%)
T N120 TR400 TR200+N60
FES
¥R LT 0.09+0.02* 0.09£0.00° 0.09+0.01°
LR LT 3.90+0.20° 4.79+0.04° 3.97+0.15°
PR LR 0.08+0.00" 0.07+0.01° 0.07+0.00°
Y 13.06£0.15*  12.35£0.05°  12.76+0.02°
%R TR 1.3240.01° 1.2240.05" 1.35+0.04°
T TR 5 X e 0.47+0.02° 0.3240.01¢ 0.39+0.01°
- TR TR 0.43+0.01° 0.87+0.02* 0.39+0.01¢
2-FIL TR 2 e 0.73+0.01° 0.74+0.01° 0.66+0.01°
T 6.60+0.05" 7.26+0.04* 6.82+0.11°
F TR 1.07+0.02° 1.35+0.02* 0.97+0.03¢
R ZFg 3.19+0.06° 2.90+0.06° 3.19+0.04°
BATR 5T PR 0.63£0.02° 0.66£0.01° 0.62+0.02°
LR TR 7.89+0.09° 7.95+0.04° 8.13+0.04°
iR T 0.29+0.03* 0.10£0.00¢ 0.24+0.01°
1= P 0.16+0.01° 0.18+0.01* 0.14+0.01¢
3-H3E-1- T 0.99+0.02° 0.85+0.01¢ 0.96+0.04°
1-THE 1.43%0.02° 1.4240.02° 1.4120.02°
2-HJE-1-N 1.70+0.00° 1.61+0.00° 1.64+0.02"
L 39.67+0.37°  40.05£0.23°  40.38+0.07*
118 475-3- 0.08+0.01° 0.08+0.00° 0.06+0.00°
2
(E,B)-2,4-C 4l 0.11+0.02° 0.09:0.02° 0.11£0.01°
R 0.22+0.04° 0.11£0.01¢ 0.15+0.01°
P 0.10+0.01° 0.04+0.00° 0.09+0.01°
(E)-2- s 0.75+0.01° 0.8240.01° 0.79+0.01°
CUE 3.82+0.13" 2.31+0.04° 3.64+0.11°
IR 0.09+0.01° 0.040.00° 0.08+0.01°
3-FILTRE 0.4240.04° 0.35+0.00° 0.73£0.03"
2-FIL NS 0.06+0.01° 0.04+0.00¢ 0.08+0.00°
N 1.80+0.09* 0.8240.04¢ 1.40+0.02"
Vi3 1.17+0.13* 1.02+0.01° 1.09+0.04*
P 0.28+0.09" 0.12+0.00° 0.20:£0.00°
J-2-BEAa T 0.060.01* 0.06+0.01° 0.060.00°
FifZ
A 2(3H) - I R 0.40+£0.02* 0.35+0.01° 0.43+0.01°
2NN 0.20+0.03° 0.28+0.00° 0.26+0.01°
2- T 0.1120.00° 0.1120.00° 0.09+0.00
PR 2.2240.05 3.86£0.02° 2.38+0.12°
HoAh
Z AR 3.16+0.12° 3.63+0.04* 3.00£0.15°
2- T kI 0.810.02* 0.74+0.00¢ 0.76+0.01°
— H Rk 0.42+0.03" 0.36+0.01° 0.41£0.01°

S, AT S e i, — SR IR T R o AR
BRI ETE, 55— 50 o R meEnT BHAR U7 i e A s =
A=331 TR200+N60 £H H £ FEAH X & f e i (P<0.05),
Xob B g ) R T 1T B 2 B A -

Xob RUBA 42 o3 41 A7 22 554080, 18] 3 S RE i
T AR- KK EG I 5 ], 1] P R s ik 0T 9 BR AR AS [R] AH LR

AR, SRR, KUY BT B - TR200+N60 ZH AH

5 F TR400 2H B 42207 N120 X 18 4H . K 4 i GC-
IMS J5E 25 5 E, SFNBRS: L QAR AT D55

WA B, 5 S BG ZH SE Y AR AR T2 b o s, )

FRIC LA (AN P X a), S22 FRic i (anEl

X3 b)), BEAERTIR U] 52 i 2E Sk, 25

ZH A i /R TR200+N60 ZH B3 FE v, iS5 N120
XFRRLHZ 22 R8N, [E, BRhI 200 mg/kg AS4T
R 50% ARG HI 7, nTAELRIES AR
RIS B e L, Y/ IR PR ER ARSI &2
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Fig.3 Nearest neighbor-Euclidean distance diagram of samples
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Fig.4 GC-IMS spectra of samples (difference map)

3 g

A AAS [RIBCA T A £1 38 RN A RGN A i 1
Rkl e b A g, 25 g U TR BRI PR 22 1k,
7R T ARLLE AR A BR AN XS v 235 1 58 S5t S
UBRFFENA . WFSE KB, B3 200 mg/kg ASLLZAF
1R 50% SVAHPREN, BEARAS 5 VAR IR B X HEZH AR > 1y
EACR, RRINTE AR 1 B R B Y AR R Rk
s 5 ARG BRZH AR L, T R BT TE
W25, PRI B 2H lidin . AErh =X iin
TCak AR, BShnad >4 Lh) iy 2 2T 2 A AH IR EM, RE
SRR R A HRA 5 JBTRUXUAR S 3 FEE , [RIIRAATR
MEABPRER GG A B, ST i 922 A At R s
o WFFEEE IR AL GE A ) L i S ST TR DI RE
PER T I AR AR YR A 22
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