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Abstract: This study investigated the effects of selenium-enriched Cardamine violifolia powder (SeCvP) and its protein
extract (SeCvP-P) on the quality and storage stability of reduced-sodium Chinese sausages. First, the active components and
in vitro antioxidant activity of SeCvP and SeCvP-P were characterized. Subsequently, different addition levels (0.01%,
0.02%, 0.03%) of SeCvP and SeCvP-P were added to reduced-sodium Chinese sausages respectively. Using sausages
without SeCvP or SeCvP-P as the control group, the study systematically evaluated their effects on the basic quality of the
product, with a focus on selenium content, POV, TBARS value, and sensory attributes during the 28 d storage period. The
results showed that the addition of SeCvP and SeCvP-P significantly increased and maintained the selenium content in the
sausages during storage (P<0.05). Throughout the 28 d storage, all treatment groups maintained selenium levels within the
standard for selenium-enriched meat products (15~50 pg/100 g) and exhibited far greater stability than the control. Specifi-
cally, the 0.03% SeCvP and 0.01% SeCvP-P groups lost only 38% and 34% of their selenium content, respectively, which
were significantly less than the 70% loss in the control group (P<0.05). Electronic tongue and nose analysis confirmed that
the SeCvP and SeCvP-P did not negatively affect flavor or aroma. Most importantly, the 0.01% SeCvP-P and the 0.03%
SeCvP were the most effective inhibitors of lipid oxidation. Compared to the control, both treatments reduced the POV by
81.14% and 83.83%, and the TBARS value by 35.46% and 43.25%, respectively. The two groups also significantly retarded
lipid oxidation (P<0.05) and maintained better sensory scores than the control. In conclusion, appropriate amounts of
SeCvP and SeCvP-P were effective in enhancing selenium content and improving oxidative stability of reduced-sodium
Chinese sausages, which could be considered for developing novel meat products with selenium-enriched and clean-label
appeals.
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2026 4F 9 A

powder (SeCvP-P); reduced-sodium Chinese sausages; antioxidant activity; selenium content; storage period

VWA A — AL S iR I PR il et s EC A AR g X
R85 3ZTH 2 3 i bR o SR, 76 S B HR T i, i
Jig TR I3 25 PR R R AR e Ak ik . — AL G i e n 1
o AR AR NI 2R, GBS iR
FARATRIEE ., AR A ZZ AR ) B DIAE G, Qs
IILHE O LA 252, DR I F A AR AN A i 6 R 24
AT A FE Ry 1M 22— Qin 1B fUBFFE &I,
TEAG e T R WA 1 il 30%KCl #4% NaCl 7l 7¢

N3 M) XU TR B o SO AR AT S A 55 A 2K
F#AK . Chen S5 #2530 1 52 G XU S 568 751 (CLn i
R . WSS 5 KCl WhEME FH, TE4Edr ™ ik
AR XU 14 TR s I DI 4 55 e FRRATR 30%, I *4HE 75
T KCI AT e R R AR . LTI, A< IZI8 1T HA
BFE X A BT A TRk, ZEREARAA & By T
BT S 25 Ak, MR R i 4 O 2 B E T IS

oIt TR R R s AR I S e TS
gt B v & A Mg o 4eU Ak, 53507 it B O
(ORI VR S5 i 0T 95 AR B G, 5Emi i 1 1) ot Jo N4 4=
LG I P 1 B 4 R B Tl s S Sy L eI E =R A A O
0T R R R O E . RS T LR
fik (BHA) A1 T IR HFE 2R (BHT) 485 b 246551
TERDHING L A A TR A R, (R BERE T 2 3 s T
PREEFNIISR T ORI O TR H 25805, IR L4 5
R FASRBT AT A Bk PR Tl i —>
HEAFFE T 1A
il 2 NAR LT i e 3R, A PrE b 2 Fh
A PRIIAE, (E R E YA H AFE A B2 S, FLA
TEEE AT 6 %, UK EESMNERNTES . AL 58 B A
il e 30 38 o AT AR P R S A R SR, AR AR
EARE A AR, AR, B S

FaE nl a0 S NIRRT AR 21 P i S e, R T R 2
AR I % . 2021 AEEISE AR ZE B2
b U ' S (SN PRI =T S S Y| = == all S
b S T 7= 14 & il 2 i 4 K 3F (Selenium-enriched
Cardamine violifolia) R H: 2& S A1l & £ 68 11 %2 5|
TZ P DAHA IEURk R A Y i 2 RO S
#3 ( Selenium-enriched Cardamine violifolia Powder,
SeCvP) F H £ [ $& B ( Selenium-enriched Car-
damine violifolia Protein Powder, SeCvP-P), & & £
AR WpiE PR o, AN ST ER LMIKEE G B &AELE,
FEEA RAFPLEALrERE ", Wang 251 5T %
BH SRS E S —Fh e iliia s, Ba PR bt éade
HEJ7, AT LIE o M0 2 S 1 NS b A LB T ke el
HrrE MR RS E AR . kA, B R M SR IE
Sz, DA b L B R oK S SR EU TG A 1 RE AR A 2K
Rk NERA RIS AR NPT AR GE T o X LETF
FEEWIAE R T KSR B AT A (LR
TS J1 . SR, IX 5T B B 22 R IR T s s
Y, AP HAE Sy —Fh D RETE R SRR W T 52 4
Ban A Z Can Rl D LA RIS S 808 FEnm A 5 G s i
Fh, VR D ARBAR AR TR, RS AEENE R
il AR R b, BB AEARIR T o8 Y, iR TR 22 S 4L
M RARBU A TT 42

P, AABFFEERAE T SeCvP Fll SeCvP-P X T4
T P 5t JoT R s g M g2 ), 3 9 3R AIE SeCvP R
SeCvP-P (IR MRS Mt bRE 71, FRK S5
IR I ) ey e e T S Y e S O R i 9 7DD iR F
VER . AUREEELAS S BT R I . B )S EENERSE
TE NG I 18], SeCvP Fl SeCvP-P X} ot S AL AH
TBARS {H . il & & MECE W BTS2 . 25 A,



478 17

WA, 45 B AR S AR I TR A it I SRS A PP S - 469 -

T LA SR v AR S 0, AR o A S, A
TS E TG PR ] AR UE LA =, I R I &
il A SRR BRI i 7 b B R i B AR Y 5 52
EeFe T, [FIAT A SeCvP Fl SeCvP-P 1 A il i 19 L
FH R 25 S,
1 MR5RE%
1.1 #RSEE

=G 2 RO SER (T B 2390 mg/kg) M AR
R (S B 1920 mg/kg) & i LK 80y
SN B T EORSE B g . Rl ek, BR
B LIaZzs R 5k, Skt | I . 50 2L BRANEE
PERATE , BSIINZE ZERIAGE S B a8, FR-2ami o Tl
1%, BUEAEIEA AL T AR A BRASF]; R SRR R R
AL B A (EMmg) . SRR . A
B = ROy . YRS . 53°vi IATFsIdL
WA E T AR (i g B g EwRl
FARRA T =& e, Ak, oKk onE  EZi%E
H AL 22350 A BR S 75 1,1- 2K K29 B R (1,1 -
diphenyl-2-picrylhydrazide, DPPH) _E #3142
AR IR YA RN 5 2, 2'-H A -X-3-2, FL I 18
bR -6-filfi iR (2,2'-azino-bis ( 3-ethylbenzothiazoline-6-
sulfonic acid), ABTS) =T/ A=Y THE( i) BRIGAE
FROAF]; 2-BA R He 2l . =84 Bl vk
e e SN /NP I S R A g Sy Wil B3 by B g v

HH-2S fEiR/K G KU RIS A R A F]
YRE-301 igFe 75 &k dn T TGS BRTIEL
H; 8530 JE TG REIL . 8500 WiAH (k-T2
B Jbmti e #5 A FR 2\ 7l s Enspire ZJIREME
P EEFIERIREA T TDZ5-WS B0 &
Vo FUERA FR A BN F s XHF-DY = 353 Ea

T Z YR A AT BR A F]; TA-XT plus T

53T . cNose-18 H5F& il 2 g
BRZ\H]; TS-5000Z FHLF7  HZK Insent 22 F]; HGZF
-101-2 fEHIRTHRFE DR T Rl R A E] o
1.2 ZXWHE
1.2.1 SeCvP Fll SeCvP-P BIH PSS E

1.2.1.1 BIEEEGNE S0 SN/T 4592-20164H &
it PR AR A I 2 YU, AT T AR A S, SR A6
SCREEEHATINE o

1.2.1.2 BZWmilxE 28 T/AHFIA 005-2018<4H
YR HU) B HR & HR B 2 B S B AR SR
VN, SR FH A GG RE VI A2 B G S AR S 5 R
il 2 PR SRR R T ) S 2 T 5

1.2.1.3 RPggzEME S0 NY/T 3082-2017L7K R,
GRS T ) S T S 2R S R I R TR U
BEATINE S

1.2.1.4 & ENE B9 GB 5009.93-2017CE
LA FRARE B HR R A e YU, B E A R
DEIEIGIEEEXT SeCvP., SeCvP-P FliE iz v B dili & 1

FEA TN E ; A AU 5 R FH 25080055, RIVEVAR & Bk 25
TCHLAN & &= 55 T A L& 5. JoHLG & AR 3
DBS42/010-2018<#dbs & & ey brit Sl
fit HR ICATUAR A 0  T2s Y T B — 1k (2B A8 41
BT U8 LTI A o

1.2.1.5 JERMAE =% NY/T 3870-2021 il
FI AR A 2 R R 1 D Y1 T IR R AR AE B, FREE 2
0.5 g FEfL T 50 mL B5.0048 7, MR IITA 1.0 mL 1%
HEBFE W . 120 pL FPTIR ML AR A WL . 3.88 mL 1Y
Tris-HC1 ZZ2#PIEW, TR SIS T 37 C iR E TR
¥ $EHL 12 h, 8000 r/min & .C> 10 min, B | 75 Wi
0.22 pm JEME, FH 0.1% FR/KFERE 50 fi5. FIFHWAH
{03 - I D G R X S AT I o %A
Waters XSelect ® HSS T3(2.1x150 mm, 2.5 pm); A1
Wi: 30 °C; PEREAATH: 5 pL. ii#: 0.40 mL/min; #ish
FH: A: 0.1% HER/KIFH, B: ZNESATEAEV ML . J5R
S B ZE T MRM; 55 2<0: 35 psi; g5 H,
JE: +3500 V; Z5AEUETT: 60 psis B <UE T 60 psi;
FALIRFE: 300 °C,

1.2.2 SeCvP Fll SeCvP-P AL ML EAL I T 2
1.2.2.1 DPPH H H3EIEBRAE M E 2% Teng
PO T IR R R . KR FREL 0.1 g SeCvP
0.1 g SeCvP-P, 53 BIFHZE B /K EZR E 10 mL, Bkl A%
10 mg/mL WAL A2 WK o B S, 8 b A BE AR RV,
BN EE N 0.2, 0.4, 0.6, 0.8 F1 1.0 mg/mL FYEE T
W . B 7.9 mg DPPH A T 80% ZIEh, #5205
100 mL ZHIHF, FH 80% Z.BExE 4545 DPPH 1T .1F
W BB U EERE SR IA W 100 pL, AT A 100 uL /9
DPPH T AEWK, IRSJEHE 30 min J&, B TR,
M5E 520 nm ABWEGEE . BEFESEE S 3 K. WEIR
AT

DPPH [ 335 4 2%(%) = (1 - Ai{; A ) x 100

K Ay N 80% ZEE+DPPH T AE W SR
1B A, SRR S+ DPPH TAEWR AW G REME: A N
FESLIA I +80% ZEERIE G .
1.2.22 ABTS'H HILE KRR E  SH 000N
SERY W T IO REEIS . KERFREL 0.1 g SeCvP Al
0.1 g SeCvP-P, 53 BIHZE B /K ERZE 10 mL, Bkl Ak
10 mg/mL MFESMBA IR . B, BB M RRE, 15
BN 0.2, 0.4, 0.6, 0.8 Fll 1.0 mg/mL FYEE S
W Hctl 7 mmol/L ABTS AW AN 2.45 mmol/L i34%i
PR ARV U, A AR BIR A, S5 kG2 B 12~16 h,
il % ABTS'ifi 45 W o FH 2l K % 1 25 WO B = A4E
734 nm AL SA 0.7+£0.02, £ 0. B HERE
SR 50 uL, LA 150 uL /Y ABTS iAW, TR
N 5 min, M EFLAE 734 nm AL TOGREE . AERE
TR 3 IR IEBRRIEARAT:

i —

ABTS" B HZETEBRE (%) = (1 - %)x 100

0



- 470 - £ Tl B4

2026 4F 9 A

P A, S FEW K +ABTS ¥4 WO W2 O B AR
A HFESR R ABTS RO CREE; Ay AR AH I
WA ZEARRAR WS EREE
1.2.2.3 F2IL[ HIERRRNE S5 A 4E
B IR ISR . FEHAFREL 0.1 g SeCvP Fl1 0.1 g
SeCvP-P, 43 Jll FH 2818 /K &2 245 & 10 mL, B il 5
10 mg/mL POARE S A W . BE S, 38 0 R A ek,
SN E A 0.2, 0.4, 0.6, 0.8 1 1.0 mg/mL AL
WM. B 1.0 mL S [RIVR BE AAE Sl s i, MU A
[FIAFLAY 2 mmol/L FeSO, ¥ . 2 mmol/L H,O0, ¥
WE T, B = ASNR A SR R T
FEIREAEE R, KW 10 min, FRR BV EEHG A 1.0 mL
2 mmol/L /KAGBERH W, 1R 5], 7E 37 °C &4 T EIREIZ
B 30 min. A5 FZH Sl FHZE R /K AR S s W, %)
REZH S ZR R AR KA IR T R, A AL PRI SR S 2H
FFE o #E 510 nm P LI E W EE . TR A K
BT

F o o) = 22T B ZAun) g
1.2.2.4 BIEESIME  WEITAINESIE Ye 4]
Ry T IT ISR . FERAPREX 0.1 g SeCvP 1 0.1 g
SeCvP-P, 43 Jll FH 2518 7K 45 & 10 mL, FiC il i
10 mg/mL PRE MBS WR . BE S, 38 B0 R A Rk,
1F2IHE S 0.2, 0.4, 0.6, 0.8 A1 1.0 mg/mL FYFE S,
. 2.5 mL ANFEIHRE YRR IR IS 2.5 mL 1% (5
D B AL AR IR 2, 50 °C KUV 20 min,
IREWARHIZE 25 C I FINA 2.5 mL 10%(Jf =5y
B =8, B R 650xg BS.Lr 10 min, 2R 5
Bt 2.5 mL _EHFIE, RO 2.5 mL XEE/KFIT 0.5 mL
0.1% (Tt L 43550 Gk, 25 FIAL LA AR FIXZE KA
B AL BRI W, TR IR AT a4y I e TR A T T
700 nm PEAAMWSCREE, AR5 25 T WG RE Y
ZEAE RS BRI T o
1.2.3 A s S IR S Se ekt t SRIHZET
W 5% 00 22 0% BN B A TE T (LA 0.4% S AL 1 D
0.1% SHALES ST 0.5% S Absh, i Eh i
FE2E 1.0%, HILAFURIA T T, HAR T 2200 : Rk
Ve EERATHTIRR IR, FI3E PRI 43 5 M 4343, o b
S 3:7(wiw), SRS IEHIFI(BEL 1%, E4EH 0.4%.
SALES 0.1%. EANTRAN 0.01%, LIUSCRHA BTEE ) 4
PR, 4 °C EH 4 h BB, JINARERFRS RS S
PN AVEASE (EBE 2.8%. =7 0.8%. HHUE
0.3%. XK 0.2%. BHE 2%), F 50255 in G il
HEHRAOKRTERY | B0 I AORSE AR R EUY), PR
PEI5), BB HEANRIREIAR, FRApHER)S 55 C #4
KX 24 h, I e BOH B i T BLas 2, B TR i
SAF TR A o

SEEGPETT: 12 18 DBS42/002-2022 (B 5 28 4 Hl,
TR & A UG S S d BR )P X | R A

00

P A At ORGSR (15~50 pg/100 g), FlE i
M-3R MY F AR 2 R (2390 mg/kg) M HAR R
) 7R T S (1920 mg/kg) AR TR, 58 SeCvP.
SeCvP-P BANEST 514 0.01%. 0.02%. 0.03% (L5
BHARRIT) . CK =S FH4H, 0.01%SeCvP “A 0.01%
T R TERYZH , 0.02%SeCvP i 0.02% & il &
MK FERIZH, 0.03%SeCvP K 0.03% ‘55 Ailti 22 iH-fids K
FEWYZH, 0.01%SeCvP-P 4 0.01% & ili E 1K SHEE
FIFRIUIZH, 0.02%SeCvP-P A 0.02% &5 fili f s
FEE EREUI4H, 0.03%SeCVP-P i 0.03% &5 fifi 2t
WEKSEE AR EUIA . WK ARAE: B RaREG, BURERT
[E] &5 5 A 4359120 0.0 7. 14, 21, 28 d, B iz 2844 it
ATFEBRAI

1.2.4 & AEUsAN I g b ol s

1.2.4.1 Bt YR 2 cm &0 BEIFEARE
AT AR RE o I RESHCh: DIRNEEE 1.0 m/s,
0 R R RS S B A 2.0 my/s, JRAELEE Y 30%12%,
FAIGATESE 5 K.

1.2.42 HBFHFWE SHSTEP A mMES
U, 5 g REMIIEIAFE 100 mL B T oK1k
(10000=g, 30 s), B TFIEAB A IEIEBER T 10 min
JEHU, FHUEACTIE, BERE T T . B
eGSR AE UL, 26— 8 a X

1.2.43 HTFENE ZSHILER irkItrE
B, B 10 g VeRIE AR ST 50 mL B F 2408 5
JEA I T, BT 60 °C KNI 30 min, FE RS-
10 min /53l A B F BB TS i RE, RS
B AR RIRRET ] 3 min, B EEVEVERSTR] 95 s, S
[a] 5 s, ¥RL 4 ATl 5 s, PEAERTA] 60 s, PEAE &
200 mL/min, 2553 200 mL/min., “FA7IE 3 K.
M T S A MR R R LR 1,

1.2.5 & Ay Em ARz e R P e

1.2.5.1 S5EALENE S0 GB 5009.227-2023¢E&
A FE GRARUE B T A AR E I E P H
RE VI E B s AR, S5 R LA g/100 g TR,
1.2.52 TBARSHINE =% FE5> kit
TEVEMEER . #E 25 mL =S LMREWR(W/W, 7.5%, &
0.1%EDTA) TN 5 g VIFFA G AL, RE 10 s,
8000xg VKIKIA-SIIK 30 s(PHUR), XUZ1edtid g, 7
5 mL JEW P HIA 0.02 mol/L HIFRAL . b Z R 1 Wk
5 mL, IREH2], 90 °C RAKBARIE 40 min, BHIEZE
e A 5 mL =& LI EmIES, # &0 )2)E,
M WS WATE 532 nm F1 600 nm ALK SGRE, 45 5
LI mg/kg Fr .

A —A 1
TBARS(mg/kg) = (%) X 75 X 72:6x1000

1.2.5.3 JBCEIP G iR K PE A S 2R IR0 R
15 min, WS VIR & H . BEHC 10 44 BARE 7067
R AL 2 Al S A IR A ) B R R A T



478 17

WA, 45 B AR S AR I TR A it I SRS A PP S 471 -

®1 HTAERG

*2 EHREET bR

Table 1  Electronic nose sensors Table 2 Criteria for sensory evaluation of Chinese sausages
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S7 SRR TR S R e, KRR TS . TERAEESE, JRRIE 14~20
s8 el el o AR B, K19, R 7-13
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UK, W, S
WAL, RARC, S, Pk, T4
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Table 3  Analysis of active components in SeCvP and SeCvP-P

TE PR SeCvP SeCvP-P

ST (%) 0.53+0.01* 0.14+0.00®
MZH (mg/g) 8.70+0.10* 1.500.00®
4¢3 (mg/g) 1.87+0.02* 0.03£0.008

ST i (mg/kg) 2390.00+45.834 1920.00+85.44"

P i (mg/kg) 2390.00+45.83" 1920.00+85.44°
AR K 2R (pe/g) 25.03+0.05* 22.55+0.338
O 2 (ng/g) 29.18+0.36" 24.06+0.1%
FH BTG D R (ng/g) 19.29+0.15* 6.64+0.03"
AR R (ng/g) 13.46+0.09* 3.29+0.04°

e AT RIR S B 3R i H] 25 57 1 3 (P<0.05) o
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Fig.1 In vitro antioxidant activity of SeCvP and SeCvP-P
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Table 4 Effect of SeCvP and SeCvP-P on the texture of reduced-sodium Chinese sausages
FEM AL Tl (N) [ites NI (N (N EE=Rds

CK 42.54+3.128 0.78+0.04° 27.34+4.34% 34.85+4.35° 0.39+0.04"8
0.01%SeCvP 53.41+5.01* 0.77+0.06" 29.61+3.38" 37.60+3.30°8 0.34+0.028
0.02%SeCvP 50.15+5.22% 0.79+0.05" 32.99+8.97° 40.56+2.7248 0.41+0.04*
0.03%SeCvP 50.46+5.84* 0.87+0.04* 49.08+5.00* 42.21+4.53* 0.35+0.03"8
0.01%SeCvP-P 48.75+4.03* 0.82+0.04°" 29.25+5.99® 36.64+8.40*® 0.360.04"%
0.02%SeCvP-P 50.00+3.41* 0.80+0.08"® 28.19+8.30° 35.63+5.72*8 0.36+0.0748
0.03%SeCvP-P 54.96+4.57* 0.76+0.07® 25.88+6.84" 35.93+2.714® 0.35+0.028

T [RFUA R RS TR i 8] 22 57 (.25 (P<0.05) o
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Fig.2 Radar plot of electronic tongue for reduced-sodium
Chinese sausages with SeCvP and SeCvP-P
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Fig.3 PCA plot of electronic nose analysis for reduced-sodium
Chinese sausages with SeCvP and SeCvP-P
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Fig.4 Effect of SeCvP and SeCvP-P on selenium content
in reduced-sodium Chinese sausages during storage
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Fig.5 Effect of SeCvP and SeCvP-P on the POV of reduced-
sodium Chinese sausages during storage
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Fig.7 Effect of SeCvP and SeCvP-P on the sensory evaluation
of reduced-sodium Chinese sausages during storage
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