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and antioxidant activity in common vetch sprouts
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Abstract: Objective: The study aimed to develop the vegetable

value of common vetch (CV) and explore the effects of salt solu-
tion on phenolic accumulation and antioxidant activity in CV
sprouts. Methods: The effects of NaCl stress and supplemental
CaCl; on free and combined phenolic accumulation in CV sprouts

were analysed by UPLC in comparison with pea sprouts, soybean
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sprouts and mung bean sprouts. The changes of key enzyme ac-
tivities and gene relative expression levels of PAL, C4H and
4CL, antioxidant enzyme activities and antioxidant activities were
investigated under NaCl and CaCl; treatments. Results: The total
phenolics increased from (10.63 4+ 0.40) mg GAE/g DW to
(15.76+0.36) mg GAE/g DW with the co-treatment of NaCl and
CaCl,.
content of Rutin increased from (22.504+0.49) mg/kg DW to
(57.38+ 0.87) mg/kg DW with the co-treatment,
79.69. 260. 82,

Sixteen phenolic acids were detected in CV sprouts. The

which was
5.89 times of pea sprout, soybea sprout and

* increased enzyme activities

mung bean sprout respectively. Na
of PAL, 4CL and C4H by increasing their relative gene expres-
sion levels. However, the co-treatment increased enzyme
activities but their relative gene expression levels decreased or
didn’t change significantly. Conclusion: The co-treatment of NaCl
and CaCl; can enrich the phenolic content and enhance its antioxi-
dant activity of CV sprouts.

CaCly ; phenolic acid;

Keywords: common vetch sprouts; NaCl;
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qPCR X :7500 7Y, ZE B CRMHE A R A F
L2 KA *
1.2.1 #i®BEFENEFE B8 Swicca E1 T IE
FRPEE B, 76 R R4 B0 0.1 20 WK AR BN ¥ W 2 A
30 min, ZERKBE R P KB TR EM 12 he IF40 5
e B F K. 15 mmol/L NaCl, 0. 5 mmol/L CaCl, .
15 mmol/L NaCl+40.5 mmol/L CaCLIAR T & . BF
25 C.RJE 80% RIS HF T 8555 4 d. R IHER Y 2000,
BRI 12 h/12 h SR R RESR 1 do SRAEF I3 & 0 #
g0 SERHBRR R — 80 CHRAT G R T, 0.42 mm H
20 CHRAE .
1.2.2 fF ERK FFHEIWE D100 3 LR ZF K
g2 A3 KT D S e L bR R RO 2R G IR
KD FIE S5
Vi=2(G, /D) XL, (D
s o
Vi—Fh 1% 1485
L—2K ,cm;
D,—FhF R ZERE.d;
G, —% t RERFEMFEA.

T3 245y Jot B2 B S T L B B A

(D WEEMEAEM Y RIRE: 2 B D" 1

1.2.3

(2) BT B BT 5 20 A < 43 )R P A AR R0 A
AL RN .
.24 BMRESENE SHEEHESES N EIFMES
M. B A NG, TEhHE B 0.05 % HER K R TR
# 0.3 mL/min, #i% 30 “Cs#FFEHE 5 pL, A3 HEFE R
FE20 C.EBEVEMEF WFE 1. BT T . BEH
JE 2.90 kV, B FIEIREE 120 °C, JBE 50 <R BE 400 °C L4
LA NG 50 L/h B HI SN ) 3 600 L/h, filf 4#
S CAD FEE 0.07 mL/min, 1IE® FHT . BHEEE
3.10 kV, HAR KM 57 e T XA .
1.2.5 PAL.CAH . 4CL % £ &

(1) PAL itk : 2R Zhang % ik,

(2) C4H ik : 2 I Chance %5122 f )5 4

(3) 4CL M 2 IR TE S 07 % .
1.2.6 TR A B HERG 3L B ik &0 SR A TRIzol
LS Reagent i 7| & $2 HUHT ¥ B 2 2F 1 32 5 RNA, & 5UR
Bk H UK B E , LA A RNA R H, ] Thermo 4\ &) 5 5%
SRR GG cDNA, B Tua £F NS HEH KR
NCBI $4f &2 Primer designing tool %54 (W% 2), H
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B AR G ek 27 22T A I R R .
1.2.7 APX.CAT.SOD.GR.POD.GST % il & B
B SRR E AL R A 5 4 R & U W] B e APX
CAT.SOD.GR.POD.GST i /7 .
1.2.8  RAMLEALIT M
(1) DPPH [ 1 3L75 K % . £ 1 Koodkaew"" [ 5 1 ,
(2) ABTS [ 335 bR % . 2 ) Islam %7 (907 % .
1.2.9 B EF 38 ] Excel,SPSS 25.0 #il Origin 2022
WA R BN E R 3R,

2 ik Har

BFHEE :NaClF CaCL M BT EREFHEHREYRRERESNEUEHE M

KT 31.70% . Z2KBK T 26.05% . 1% I BEK T
23.72% B0 Ca™" BFMIETH B R L HFWRNWAERK. W
FEL AL L B TR E T 13.94% . R FIFFIE N
MEZESGX AT E 2S00 Ca®" EHM T Na' By
YEHT
22 MEENEFEXEB . REMIENE

B 2 Ef%ﬂvﬁu.’%%ﬁﬁfﬁi%é’é%ﬁf%u%%
BAEAE . NaClALHUR i S W & AR TH T 29.36 %, it
B A RAETE T 33.41%;CaCL AN BT L I B A
WETHT 26,455 R SIS R LT T 28.04 %0 s B

21 MNEEREFEXHE.ZER MFEINZI &2 RT-qPCR EMSI ¥ KBS 4
& 1 801,15 mmol/L NaCl b3 F , ff 5 &% T Table 2 Forward and reverse primers of RT-qPCR
2011 %0, XK 45 T 27.88%, Bl il ISR AL T I FIYIF S (5 3)
29.57%, [!ﬂ Na' 2Rt d XK M rAiE W T F TCCAATCTGTTGATTTTACTA
PALI-1
T )R8 Y 97 T 5200 50.5 mmol/L CaCl, Zb 3T, ¥ 7 R TATAATAGAACCAAAGCTCCG
R F CATGGATAATACACGTTTG
®1 UPLCH“MER PAL2-1 o o
Table 1 Elution program of UPLC R CAGAACAATAAGATGCCA
- — — - — — F CAATACTTGGCGAACCCG
W)/ WA WshA || WEE/ O WS i B A PAL2-3
min A/Y B/ % min A/Y B/ Y% R TGGCAAAGTGCAATGAGG
0.0 10 90 11.0 90 10 CiH F GCAACGTCGTCTTCGACATC
0.5 10 90 11.5 10 90 R GCGGTATTGTTGCACAACCT
50 30 70 14.0 10 90 F  CCTCCAATGCCAAGCTCCT
4CL
9.5 90 10 R GCGTCACCGTTATCCTCACA
0 : 14: 12001
w0 2 =120 a £1000[ a
= I 3 =& b b
= 6r b . =1of ¥ < 800
) d 4 M0 ol
@E al g}ag 2 c E;E 600F c
£ g, g = 400f
Al < 4l
2 70 = 200}
0 1 J 0 1 J O 1 J
CK Na e Ca Na+Ca CK Na . Ca Na+Ca CK Na e Ca Na+Ca
e R TR
Solution Solution Solution
(a) HfE (b) ZEK () PhFIET14a%L
FREAN R R 22 5 1 F (P <<0.05)
A1l #E . 2R AFTEABHK
Figure 1 Fresh weight. stem length and vigor index of seeds
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Figure 2 The content of total phenolics and flavonoids
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[F) it B, S 2 & E (10.63£0.40) mg GAE/g DW 4
% (15.76+0.36) mg GAE/g DW, ja # i & &y (9.36 +
0.06) mg GAE/g DW | F+% (14.324£0.08) mg GAE/g DW,
4552 . NaCl il CaCl, G& 1% ) [F] 412 35 B 28 ) Jo &% 4

BE 24988 | 20225 7 B | RBE5VUR

23 HEBEFEXHMBESETL

Hi 3R 3 AT, X BAH A, SRR 16 R B R . i N
(51.00+3.06) mg/kg DW, Hh, JF B 5B R B 2 N
(21.8740.81) mg/kg DW, 45 & & W iR S i h (29.16 =

R3 HEREFERBBESHNEASHERLE

Table 3 The content of free and combined phenolic acid of CV sprouts mg/kg DW
&Y EnEF We RS 25 EReRi WS | (A T B2 ERe T3 1% i
CK 0.0940.05 0.83+0.12" 0.90+0.07¢ CK 0.224+0.06* 1.76+0.12¢  1.99+0.19¢
HEF Na 0.0740.01" 1.6940.30* 1.7640.30"  Na 0.2340.05* 3.89£0.02* 4.127£0.08*
i3 Ca 0.1540.01*  2.16+0.17¢ 2.32+0.16" T Ca 0.2940.05¢ 2.45+0.08° 2.74=+0.13¢
Na-+Ca 0.10+£0.01> 1.94+0.16* 2.054+0.17% Na—+Ca 0.14+0.06> 3.59+0.11> 3.7340.01°
CK ND 0.14+0.02> 0.14+0.02" CK 1.1940.02> 7.024+0.48c 8.1840.68¢
JEJLZ Na ND 0.3940.05*  0.39740.05¢  Na 1.09+0.06 11.60+0.84* 12.66+0.90%
[i%d Ca ND 0.4240.05*  0.4240.05° HRR Ca 2.814+0.61* 9.49+0.22" 11.87+0.37"
Na+Ca ND 0.46+0.05*  0.46+0.05° Na+Ca 1.0940.31> 12.04+0.2¢  13.09+0.52¢
CK 0.1340.01¢ ND 0.1340.01% CK 16.19+0.90" 6.3140.39¢ 22.50+0.49¢
Na 0.134+0.03¢ ND 0.1340.03% Na 17.31£0.13> 5.514+0.17¢ 22.81+0.30¢
JLER T
Ca 0.0440.02° ND 0.04+0.02> Ca 33.75+2.23* 16.304+1.30" 50.05+3.52"
Na-+Ca 0.10+0.01¢ ND 0.10£0.01¢ Na-+Ca 35.1840.77* 22.20+0.10* 57.38+0.87%
CK ND 1.18+0.53¢ 1.18+0.53¢ CK 0.06+0.01> 0.04+0.01" 0.10+0.02"
XK Na ND 2.47+£0.11¢ 2.47=+0.11°  Na 0.1540.01* 0.10£0.00*  0.2540.01*
KPR, Ca ND 6.10£0.47*  6.1020.47" A Ca ND ND ND
Na+Ca ND 5.2840.14> 5.2840.14° Na+Ca ND ND ND
CK 0.3540.13" ND 0.3540.13P CK ND ND ND
Na 0.4840.06% ND 0.4840.06* Na ND ND ND
Ca 0.5440.12% ND 0.54+0.12¢ Ca 0.6840.01 ND 0.68+0.01
Na+Ca 0.4240.15° ND 0.4240.15° Na+Ca 0.64+0.07 ND 0.64+0.07
CK 0.034+0.01>  0.1640.03"> 0.19+0.03" CK 0.9940.02 1.6540.01¢  2.6340.01°
Na 0.1440.03*  0.4940.07* 0.6340.02% Na 0.9540.00 1.20£0.01¢  2.15%+0.01¢
TR i B2
Ca 0.164+0.03* 0.53+0.11* 0.69+0.03" Ca 1.0140.01  2.584£0.10*  3.5940.09¢
Na+Ca 0.144+0.01*  0.5340.11* 0.67+0.06" Na+Ca 1.0240.00 1.79240.03>  2.8140.02°
CK ND ND ND CK 0.784+0.10  0.62+0.02"> 1.41+0.12"
#ILZE Na ND ND ND ABRE  Na 0.854+0.03  0.8240.13> 1.6740.10%
% Ca ND ND ND % Ca 0.83£0.02  0.68+0.02> 1.51+0.04"
Na+Ca ND ND ND Na+Ca 0.814+0.03 1.10£0.08*  1.9040.11%
CK ND 0.1440.03  0.1440.03 CK 0.9340.28  2.5940.40° 3.52+0.68%
Na ND 0.14£0.07  0.142£0.07 Na 1.3240.07 1.58+0.19"  2.90+0.25"
TER 11125
Ca ND 0.174+0.06  0.1740.06 Ca 1.78+£0.57 2.70+0.20°  4.48+0.36"
Na-+Ca ND 0.154+0.06  0.15+0.06 Na-+Ca 1.4740.30  2.13+0.13%  3,60+0.16%
CK 0.4440.03*  6.26+0.04¢ 6.70+0.02¢ CK 0.4740.01 0.4740.02  0.9440.03
W& E Na 1.01£0.04> 4,93+0.11¢ 5.954+0.15¢ . Na 0.5440.02  0.4740.00  1.0140.02
I3 Ca 2.5140.01*  9.2840.24* 11.79+0.25% R Ca 0.474+0.03  0.4540.00  0.92+0.03
Na+Ca 0.944+0.01¢  7.1940.07> 8.1340.07" Na+Ca 0.48+0.02  0.4540.00 0.934+0.02

T ND 7R ARAGI H 5 AS [ Ak LT B AS ] 2270 2 5 W % (P<<0.05)
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2.22) mg/kg DW, 2Ny T B SRR R B2 28 . &5 & 53 53
Sh(22.5040.49),(8.184+0.68),(6.70+0.02) mg/kg DW,
WEW TN DR R SRR AER R LS
BAFTE S FREER IR R LA IR R LASS & SAETE . AR W
TR AW S 45 A IS AT AE . 78 NaCl AL B R, 8 Fh Y iR & &
BET R PBRR & LT 54 TTN I TR A R
FFT 107.03% ;78 CaCL AT . 2 T & it EFH T 122,44 %,

XA GRS BT T 75.97 %0 Mt R IF TR BB 4
11 R 2 2 A B2 7t
NaCl #1 CaCly [] i 21, 7 T & # He %) B 25 NaCl 4 2

LM CaCl, b 3 41 4 ) 48 F+ T 150. 02%, 151. 56 % ,
114.65% , FIBRAR & 32 T % (13.09£0.52) mg/kg DW, K
BREXSBEIT T MY RIILERSBRITT
228.57% . &b Na® I Ca*" [A) i %) 72 T BT B0 R L A 8 5E
FAFEILA TR Y A BUEA Ur R #E7E A

BFHEE :NaClF CaCL M BT EREFHEHREYRRERESNEUEHE M

JF TR LA RO B2 5 3 572 0 8B 53 J 0 75 51 BT
B FT R TR 3 S B S SRR 7
i 7 3 2 R 7 3 o XY A R 7 T
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T B E B A S A 16 R ER E’ﬁi
344t P%%ﬁ‘ﬁﬂ AR 12,8,9 FHENIR , UL 7
KIBMBRMEE TS, BEP TR DAT
HREHEERTHE N HEFNREE, W
T AR (22.5040.49) mg/kg DW., 4y 31 K
g E A B T 2R 31.25, 102,27, 2.31 . R
2 &l (1.18+0.53) mg/kg DW, 2 B U 1Y
T B8 7 2F R4 T2 R A e R R R R
NaCl—CaCl, & & & 5 T #i ¥ Wi & 2 1 3 0 8 3% W
2207y . 16 NaCl fl CaCL ¥ 5= F . §i BB O Wi s
T EHEIK(57.38+0.87) mg/kg DW, 43 5l JJy B & B L B &L
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iy
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B R
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B
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XA R M R RS AE NaCl b B R 430 R R T ZE MGG 2RI 79.69,260.82,5.89 f% . NaCl i1 CaCl, 3t []
11.19%6,22.32% , £ NaCl FI CaCl ZL[RIF/EFI T, ZF 400 KRS E T O F W E D3RR P IR & & R (5.28
Fe X BRI T 21.34%.6.80% L INZSER7E NaCL/EFI R F 0.14) mg/kg DW. 2B & 1 i 6.77 1% ; H P32 & 7 2
R T 21.37% .4 NaCl fl CaCL L RIfE K E E 5 X B4 BEFML21 5,

T2 5, IR WL Ca’ MRBR T Na™ X 7 TR G H A MR AN A T X R
BRI B A e a e, R R e W T L S 2F R 2R, A A
M 4 AL B R R BT R B AR . SR AR PR A T W E R W R R
x4 BEEMBRSE
Table 4 The content of phenolic acids in pea sprouts mg/kg DW
Wi W2 3=
it s AN P8 =2 A 87 =R SES ST
BEFR ND ND ND +0.12 ND 0.99-40.12 ND ND ND
JFILZERR ND ND ND ND ND ND ND ND ND
JLZEZ ND ND ND ND ND ND ND ND ND
PORE I I
ND 0.78£0.14  0.7840.14 ND ND ND ND ND ND
R
GER ND ND ND ND ND ND ND ND ND
HER ND ND ND 0.48+0.16 ND 0.4840.16  0.4140.01 ND 0.41-0.01
FILKE= ND ND ND ND ND ND ND ND ND
THMR ND ND ND 1.1340.04  35.3343.26  36.46+3.30 ND ND ND
METRR  2.39+40.15 173.3840.89 175.7740.74  0.050.01 107.6640.06 107.70+0.06  3.59+0.12  104.0043.10 107.59+2.98
i 0.5940.06 58.28+4.16 58.87+4.22  0.0990.01  36.8940.48 36.99+0.47 ND 0.2540.05  0.2540.05
Py 2 1% 3.3340.27  67.3344.05 70.66-4.32  0.74750.05 43.827-2.64 44564259  0.624-0.04  10.2240.81 10.840.85
P 1.2140.02 ND 0.7240.72  0.2240.03 ND 0.2240.03  9.30+1.63  0.4440.02 9.751.61
KR ND ND ND 0.96+0.23  1.19£0.06  2.16+0.29 ND ND ND
R R ND ND ND ND ND ND 1.4340.47 ND 1.43+0.47
Witi % 1.1040.01  39.80=1.81  40.9041.80  0.994-0.10 ND 0.99+0.10  0.95+0.02  2.68+0.09 3.6340.08
AREBEZ 1114082 0.9440.05  2.05+0.77 ND 0.56+0.01  0.5640.01 ND ND ND
Iz 2.3342.13  44.2942.76  46.62--0.63 ND 4034047 403047  0.5370.04  2.0470.50 2.57740.46
T 3RR ND ND ND 1.140.02 ND 1.14+0.02  0.5640.03 0.49740.01  1.05-0.02

T ND FaR RAW
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HEMITEMNE.
2.4 BBRERXEHBENSEERRZEIETH
2.1 RN R R A B (PAL IS 7 5 36 8 Rk B A8k

i & 3wl 4, NaCl 4b B2, PAL [ J7 1 (7.04 £
0.30) U/g T} %(8.034+0.58) U/g, PALI-1,PAL2-1,
PAL2-3 S AN Fik &30 BT T 187.50%,20.70%,
119.30% ;CaCl, kb #E T , PAL R % JJug A T . PALI-1 .
PAL2-1 \PAL2-3 SEFAM X £ X B4 FHET 26.30%,
75.50%6,3.70 % 5 WY Rk 5 W (R Bt B L B BRAE X 2% 5K
HORME N MR E R AC W PAL BNE S B E R T E A AL
NaCl b # 2 . CaCl, Zb FRZH 7 1.36,1.19,1.57 f%.

2.4.2  WHERR-4-F AL (CAFD 5 I 53 N R s ARk

B 4 A AL, A NaCl 4 2 F, CAH g% 71 M

BE 2498 | 20225 7 A | a5V

(5025+£162) U/g Kilg FFHFE (2 702+87) U/g,C4H
PR % 2 5 TG B8 % A48 ks CaCl, b ¥R . C4H B 16 ) T8
Hﬂﬁ'ﬁ“ﬂc C4H SEFR MR RIB R TRET 23.2% s Bl $h1E
LTt o B, CAH B IS g 8 3% 1 T a5 X HR 41 NaCl 4k
Eéﬁ‘(‘/acﬁyiﬁiﬂﬁ’g 1.15,2.14, 1.08 fif . H 3k A A 3¢ 2 ik
BTN R4 1/3,
2.4.3 A FEHMRHEE A SR ACL W ) 5 FERE
WA S AT, 7E NaCl 4 #1F ACL 3% ) |
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