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Abstract: Tea polyphenols (TP), as natural antioxidants, possess the capability to reduce sodium nitrite residuals in sausages. But TP may
cause some negative effects on their quality, such as increased hardness and decreased brightness. To enhance the quality of TP-added Cantonese
sausages, the components containing free sulfhydryl groups, such as cysteine (CY'S), soybean protein peptide (SPP), and soybean protein isolate
(SPI) were added into the TP-added Cantonese sausages. And their impacts on the physical properties, color, sensory quality, and nitrite residue
of the sausages were investigated in this study, and the potential quality improvement effects of CYS, SPP, and SPI on TP-added Cantonese
sausages were also explored. The results showed that after complexing with TP, the hardness of phenolic sausage decreased from 9 692.25 g to
7 563.41 g and 9 093.84 g by SPP and CYS, and sausage added with SPP and TP had the highest a* (10.42) and b* (8.44) values. In terms of
sensory characteristics, The addition of SPI and CYS significantly increased the redness score of tea polyphenol-containing sausage from 4.75 to
6.25 and 5.85. Meanwhile, the addition of CYS, SPP, or SPI did not reduce the ability of TP to reduce sodium nitrite, while the combination of
TP and CYS resulted in the lowest nitrite residue at 4.40 mg/kg. In conclusion, SPP and CYS have improved the texture and color of tea
polyphenol-containing salami, and this study provides a new approach to improve the quality of tea polyphenol-containing salami.
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I U 2 R T ARy #EAT %%, 45 500 g PIRORERARCRN DR : 350 g #&JEHEAT. 150 g FEARIE, 175
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Table 1 Formulas of different Cantonese sausages (9/kg)

TP CYS SPP SPI
blank 0 0 0 0
CYS 0 0.3 0 0
CYS-TP 0.3 0.3 0 0
SPP 0 0 15 0
SPP-TP 0.3 0 15 0
SPI 0 0 0 15
SPI-TP 0.3 0 0 15
TP 03 0 0 0

1.3.3 Koge Ak E N

Z11% GB5009.3-2016 (£t 224 E S ARE £t /KM sE ) Porb ity 4 — 0 B gl e | S K 2 &
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IR TR A (T KA CPMG #x(, 40 mm #8k, Z¥0%EN: W=200 kHz, TW=7 000 ms, NS=8,
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# 2 WoR T AR R RE R RI7K 73 8 B G BE o G5 5RR W, TP B IS 1 U I 7K 73 B K 43
W, XA R ET TP SHURA4EE AR TR, BRI T PO AR A, S8 TP 1 Ui i e
P FEHR R R, MR LK, SRREIE, FIRK G FIE. Jongberg Lt & AR K 2 IR
T BEMFLARRE, 90 T BEZSERUR . S A4AHEL, SPI /KGR W PG (P<0.05), N SPI ] LA
M H] s A AR, R E R TRKE, A A RN R B EO KRR N, R T K E
IKAMEBEREAC. IR0 CYS R SPP f&, BERAmII/K & Bz AL E R 2R (P>0.05), [FI CYS Fil SPP (¥
ISR B R N TP ) A I & /K 2 (P>0.05). X AT Rg/e T CYS # SPP 5 TP Z [MI¥IAH AR FLAEFHA
JELMRIE TP SWURLF4E S B 2 (AL AH EAE A, 8 CYS A SPP A Bt SIS AF 4R FUR A T — @ FE I AH
HAEH.

R2 BKkDEE. KOEEMEASE
Table 2 Moisture content, water activity and protein content of sausages

207 blank CYS CYS-TP SPP SPP-TP SPI SPI-TP TP

K4S %) 132740.91°  1294037%  12.2740.36° 12474022 12.724020%  132740.33°  13.0340.33®  12.6540.60®
KAERE 0.636140.0033° 0.625640.0013° 0.624140.0022° 0.6114+0.0078% 0.624640.0008° 0.6146:40.0044% 0.6252:40.0042° 0.609246.0004%
A4 5 (%) 22.8940.69™ 24074068 213940397 22.6240.10° 22.3240.98°  245240.06°  25.1040.03'  23.0140.33™

E: RYF—AARR NG FEETARNEZFEE (P<0.05).
2.2 i f Ak A% vk ARk o

3 NEBEM T 5t igedE RIEEFR St
Table 3 T, relaxation time and peak area proportion of different Cantonese sausages

20 3 Tor/ms Tor/Ms To/ms Tog/ms Anl% Ayl% Ay/%
blank ~ 0.1920.04°  2.9930.10% 86.2544.67" 556.01436.38% 41.95:H 58" 57.124.56° 0.7640.04™
CYS 0.1740.02° 2.6740.11° 80.1443.38% 525.77441.28 40.86.28% 58.364.27% 0.7820.02°
CYS-TP - 3.0240.14% 85.605.41° 599.12454,19% 35.7740.64° 63.4620.65 0.7740.02°
SPP - 2.5340,09° 85.9345.18" 614.73465.28° 38.630.90° 60.670.90° 0.7040.03
SPP-TP - 2.8840.12  86.4844.52° 613.07445.53° 37.204.13° 62.06+.12° 0.7449,02%
SPI - 2.7940.18° 88.3045.63" 622.00453.54° 40.0740.81° 59.20+40.81° 0.7340.02°
SPI-TP - 3.1240.16" 85.3444.93 604.79443.67° 37.5841.30° 61.6841.31° 0.7440,02™
TP 0.2040.05°% 2.8240.15° 80.9746.56° 549.25468.85° 37.9843.48" 61.2143.46° 0.816.04°

E: APR—F RN FERTARRE ZREHF (P<0.05) ; “7 A7k,

blank
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Fig.1 Low-field nuclear magnetic resonance spectra of different Cantonese sausages
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IR F BRI TR, SRS W& 7 K o F- RSN o AR IEI RIS [E], Al & S K NEE G K (Toys
0~10 ms). AZIAENK (Ty, 100~1000 ms) FIFEI/K (Ty, 1000~10 000 ms) M9, BIAHIFR &K, TP A
WEAMEIER, BSBURAMNKINE SR, Saka m ol A, S AdmMet, TP i
BEFL (P<0.05) 1) RIEMLE G /K G EG, 567K H 41.95%F%K % 37.98%, [FIZE1E I 1 (P<0.05)
AGyIahK & e, ARG & L i 57.129%38 148 61.21%, A iRa7K Top W0 s R] i3 35 [£1% (P<0.05),
I RS SRR, B TP RN S B IS K A B sk AL, IXATRER A TP I A HAE
H, W SIBEEXKEEREIBE, 456 KE8D. R, 5 TP 4AHLL, SPP. SPI USRS mRI4s &
IKERIEG, AZRKE RGN, XN TP MK - AmiEEa BE e EM. s TP AAMHtk, CYS MR
B R BT (P>0.05) TP SERE/K S & 8. R\ZFHFMA TP B, HRMCER IR S Ao

2.3 IR AL 4L R B R A

P R SO MR P i PR R 2. I B EINE S IR IR 4 Por, 5T E4UHEE, TP &R
(P<0.05) THEMM L, TP Al SPP [N EEFE N (P<0.05) T &AM a*Fl b*(E, 1fi CYS Fl SPI [
DA T B ) a*fE. SPI A1 SPI-TP RSN &5 1 I b*E. P H L0 ol F S LR AL R
R PERNEA-E JFARAS (RN, R TR SERLL R A () A BP0, 25 2y T LU BELAS 2L 2 3 SR e T
FILET 2R R A5 S PR 2 P TN SPI IR 23 vl T SPI S 5 AR T S 85 I it A £ Ak 229
CYS-TP £ a*E Hl B EE T2 (41, {H Miura S RT AR, 16 CYS THAE TN, J LSS 2 BT LA Ay
AL FIE OV RS LR, WMREE R SIR S . RS EIRSE, INTTZAR, ZHmR
il sh R A REAAE2E . DRI, MAPAIRI RIS A B, SPP Bl SPI B&E &A1 TP A N Gl Rl iz =0
17/
R 4 TEREERARY L. 2470 bHE
Table 4 The L*, a* and b* value of different Cantonese sausages

483 L* a* b*
blank 13.2740.91° 8.140.65™ 6.40.85°
CYs 12.940.37° 7.9340.3° 6.3740.21°
CYS-TP 12.2740.36° 6.5740.27% 5.4440.36°
SPP 12.4740.22™ 9.3841.33° 7.9341.66°
SPP-TP 12.7240.22 10.42-4.650° 8.4440.77°
SPI 13.2740.33" 8.0920.82™ 7.7640.71°
SPI-TP 13.030.33™ 8.474.19™ 7.6241.18"
TP 12.650.6% 9.1640.88% 8.361.08"

E: KPR AR 6B FEA TSR ZFEE (P<0.05).
2.4 7 [F] AL E fi B o 1 R A
R 5 TR RS HRARFE

Table 5 The texture properties of different Cantonese sausages

283 HEIg A MR wh v b4 /(g.sec) E AN
blank 8396.504510.99% 0.7640.02° 0.5640.04% 3531.614307.52 0.1640.02°
CYS 9093.84:4678.80™ 0.7740.03% 0.5940.02° 4113.664349.35° 0.1740.01
CYS-TP 8101.094796.46° 0.7940.02° 0.5640.03% 3597.254437.94° 0.1740.01
SPP 7563.414548.13 0.7740.03% 0.5540.04% 3195.224211.95° 0.1640.02°
SPP-TP 8223.424870.76™ 0.7840.05% 0.5740.04a" 3624.644500.61° 0.1740.02%
SPI 10118.2341687.19¢ 0.7640.04% 0.5540.04% 4243.80=886.48° 0.1640.02°
SPI-TP 9497.484863.89™ 0.7740.03% 0.5640.03% 4083.964516.98° 0.1740.01%
TP 9692.2541025.22¢ 0.7620.01% 0.5840.04% 4281.124589.75° 0.1740.02
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Z: AT R —F KR &) NE FEETRNLZFEE (P<0.05).

ANE AR YD B 45 N3 5 B, S8 AL, TP A0S IZeE B8N (P<0.05), ¥ CYS Al
SPI# 3L T IR LRGN, AN SPP HIEIARE B K. IXATREZE Dy, CY'S ] BRidi 3g ik A i 1
SRR BN, NP SRR LR, TR AR . SPI AT LA IL I 78 78 PRI S R (2 b, M
T 2 PR R ) T /N A0 T BRI P ARR LR 2T 4 2R 19 e X 2%, AT S-S50 P o it it R B, .5
TP SHUINJE, CYS-TP 4M1 SPI-TP IS st CY'S 5L SPI ¥ I AR E A, 1 SPP-TP Ak
PRLF I SPP AT A it i s 1 A OE MRS A T . 10 TP W] IR R 2 R AT CYS KA SO /R IR B, 3
CYS MigEan s, Ktk TP Fl CYS MM EAE I AT S/ TP A CYS SRS 4R ARIM EAEM, S5
CYS-TP ZJiEf7%e TP 1 CYS B E K (P<0.05), MEZAMHALEEZER (P>0.05),

2.5 I [E] AL T A R R B R E

[ MR B Ve S5 RANFE 6 BN, BB AN AL 45 S (I e 45 I A —8, ¥ CYS Il CYS-TP A&
SIEREET (P<0.05) A¥ 4, XATHEM CYS M CYS-TP H-&Mhens i ik 41 & b 5 E & A T 2 A,
DL RE G i BT 2R (1 SR SR A LA B A R A <P, n SPIL i A 20 7 5 4% 11 ZEL A L S 35 FRARG
(P<0.05), XA[HERHT SPI H SHIFILLL SPI IR T AR A S ESE, H SPLAITP E 47N
I TSR . A, 5 EdAME, SPP R ERIN (P<0.05) TASIAMIZLEE . Fanll2t R ING 22 )
Rt 10 TR PR 20 P2 AT RS I B 252 B . Jongberg 25 ST B, 252 My T LIKS % JE 7 2 W i KT 43 i 0.7
HINE 1.2, (BRI SIINE R EHR AR (BT U8R, BROEESh, S AabFRa RS2 (I AURE 45 1
TR E 2, USRS I A B R S e B, Xl e AU R A IR IORE . SRR T R 2
Wt R IIAS R XU o

< 6 NEIEE AR E R
Table 6 Sensory characteristics of different Cantonese sausages

48 5 LI E S Bg A Ak B TS
CcYs 6.00+1.08°" 5.3040.71° 4.801.38° 545#4.01°  53540.91°  4.5041.22°
CYS-TP 5.8540.67°" 5.254).82% 5.4540.83° 55541.23°  5.3040.82° 5.1340.64°
SPP 6.054.72°" 5.004.62% 5.2540.92° 5354.00° 5104074  4.6940.75%
SPP-TP 5.304.48 4.35:41.00° 4.4540.69° 6.054.26°  52540.63*°  4.6940.65%
SPI 3.8040.82%" 4.6040.99% 4.65:41.11° 5104151  55541.21° 4.2541.71%
SPI-TP 6.2540.63%" 4.9040.97% 5.2040.89% 5.20-.25% 5.65:4.88 5.69+40.96°
TP 4.754.03° 5.20-.06% 4.950.96° 5.25:4 25% 5.55:40.90% 5.000.46%

E: AP R AR N EFEEATHRNLZFEE (P05);, F5hkTHassorafnbriLsd L,

26 FREAIEA TR BRNREY

104 e
f C_d+tp
T e <
251
£
% 204
=
g
2154 d
E
£ 10
g c
é 54 a a b
0_
blank CYS SPP SPI
Group

[E2 FEIACIRLE RS T FHEL STk B =

Fig.2 Sodium nitrite residue of different Cantonese sausage
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E: B AR 6B FEE AR £FEE (P<0.05).

YA A2 it T PR R AR T SR AR B« 30 S A T R R i 28), 80m 0.3 g/kg A9 TP Tl LN
EAHERENSR B FH 2 (1 ZH 11 25.82 mg/kg B ZE 5.99 mg/kg,  [FIET BT I N TP [RI I iz AL ERZE 1) AR BNk BE B34 2
FRT (P<0.05) AN TP [FIAbERAH, FIRgZHT TP BA RUFMPTEILIENE, RENEAIAS R AN S S AR BAH IR AN
—SE, TR P RO R RR AR B2, CY'S RIS i 7 U 4k BE BAMIR A 13.78 mglkg, TTRESE
CYS TJ 5 RN K E B AR R AU S, B i (I M RR Bh 5k B, Fox 5 BUI0miE 7 th & W] CY'S oJ
DL D PRI it R 30%~50% IV AHER SRR FE « TP-CYS R ATSINAC A BA 5l 4.40 mg/kg FEAHER SRR B - 2%
FriR, SPI. SPP F1 CYS MIisnALs2m TP FHKANER ERFR B RE /7, [FIR CYS B — & MR AEER 25
el

3 g

ACWEFE TSPl SPP AT L-CYS XHEsin TP | Uiz i s st . TP BN F B ok o & E Rk, LT
B E R R LD (B TN SPI. SPP A CY'S S5 8l B SRR K1 2H 3 T LA 3 clesian o TP T sXUBE A i i A
FUKE R . ZEFMEEE L, 5 TP 4AHEL, CYS FMISPP 5 TP E& WIS, CYS-TP Al SPP-TP ZHA# & i 2 4K,
Mz AT R EES . ERERE L, ST E SN R LSS ad R EER, 5 TP A
FHEL SPI-TP Fl CYS-TP [WEIHAE BE N, WE T XSS InITE i B i A AR AR« 72 RS RNk B
I, SPI. SPP kg TP PR IASERERFR A 1RE 71, [FIF CYS KU — eI IASRE S, 5 TP Rl KRS AR
VR B PR A 4.40 mglkg. ML, CYS 7EFRARME ARG . P B L0 BRI B IR AN ER ARk B R I, 2k
NN TP ) U b R B AR A ) o

Bt I bk

(1] FARHEE VR IR EENS HR 1 RO SR A P ol 26 S S SR B K S I F 72 [D] I £ A 15 K572, 2020.

[2]  AEX R TFERS, S5 RARGUAMTTE AR 2 AR s LA € S BT AR RO [9]. I SHIE 7T, 2018,32(1):9-15.
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