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Abstract: Despite being indispensable, zinc and selenium are often severely deficient trace elements in humans. To achieve
optimal zinc and selenium supplementation for deficient populations, dietary supplements of these elements can be investigated by
harnessing the nutrient-absorbing properties of germinating peanuts. In the present study, peanut was used as a carrier of dietary
supplements, with zinc sulfate (0, 10, 20, 30, 40, 50 mg-L’l) and sodium selenite (0, 100, 200, 300, 400, 500 mg~L’1) solutions
added during seed soaking to attain zinc and selenium enrichment through germination. The results showed that the enrichment of
zinc and selenium in peanut sprouts was highest at exogenous zinc and selenium concentrations of 40 and 420 mg-L", respectively,
with contents being higher than 2.0 and 23.76 times than those in the control peanut sprouts, respectively. Zinc and selenium
enrichment also increased the polyphenol content of peanut sprouts. The contents of catechin, salicylic acid, quercetin, and rutin
were significantly increased (P<0.05), while that of toxic gossypol was significantly decreased (P<0.05). The significant increases
in polyphenol and selenium contents (P<0.05) also enhanced the antioxidant capacity of peanut sprouts. The findings of this study
suggest zinc- and selenium-enriched peanut sprouts as a novel zinc-selenium dietary supplement for daily supplementation in zinc-
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and selenium-deficient populations, providing additional bioactive substances for the human body.

Key words: peanut sprouts; zinc and selenium enrichment; polyphenols; antioxidant capacity
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Table 1 Solution concentration of peanut bud interactive treatment (mg-L™")
ShsRAE SRR B
RE R 0 10 20 30 40 50
0 CK Zn-10 Zn-20 Zn-30 Zn-40 Zn-50
100 Se-100  Zn-10+Se-100 Zn-20+Se-100 Zn-30+Se-100 Zn-40+Se-100 Zn-50+Se-100
200 Se-200  Zn-10+Se-200 Zn-20+Se-200 Zn-30+Se-200 Zn-40+Se-200 Zn-50+Se-200
300 Se-300  Zn-10+Se-300 Zn-20+Se-300 Zn-30+Se-300 Zn-40+Se-300 Zn-50+Se-300
400 Se-400  Zn-10+Se-400 Zn-20+Se-400 Zn-30+Se-400 Zn-40+Se-400 Zn-50+Se-400
500 Se-500  Zn-10+Se-500 Zn-20+Se-500 Zn-30+Se-500 Zn-40+Se-500 Zn-50+Se-500
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Fig.1 Zinc content in single zinc-rich peanut sprouts
and selenium content in single selenium-rich peanut sprouts
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Fig.2 Zinc content and selenium content in zinc-rich

and selenium-rich peanut sprouts
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Table 3 Design and results of response surface test

5 ABRERERE/(mgLl")  BINEMRERE/(mg L")

Y, RAEFPELS T/ (mgke ) Y, A F FEA T/ (mgkg )

1 -1 -1 36.44 15.82
2 1 -1 34.01 17.40
3 -1 1 36.61 16.94
4 1 1 37.12 18.05
5 -1 0 37.71 17.84
6 1 0 38.02 19.06
7 0 -1 39.28 20.51
8 0 1 4031 21.03
9 0 0 40.56 22.11
10 0 0 4137 21.40
11 0 0 40.34 21.17
12 0 0 40.85 22.34
13 0 0 41.97 20.33
F 4 EARBFESN
Table 4 Analysis of variance of regression model
¥R Y\ RAF Y HEE Y, WA F ¥ e E
FaA WA ¥Hx  FiE Pl EFMH  FriA awAE ¥y FIE PE REFHE
AEA 64.09 5 12.82 3423 <0.000 1 o 51.88 5 1038 24.63  0.0003 o
ASNRERERE 043 1 043 113 03221 2.53 1 253 6.01 0.044 *
BYNRABRERE 311 1 3.11 83  0.0236 * 0.88 1 088 209 0.1916
AB 2.16 1 216 576  0.0475 * 0.052 1 0.052 012 0.7362
A 32.7 1 327 87.32  <0.000 1 o 31.1 1 31,1 73.82 <0.0001  **
B’ 6.29 1 629 16.81  0.004 6 o 2.97 1 297 705  0.0327 *
RE 2.62 7 0.37 2.95 7 0.42
K IR 0.9 3 03  0.69  0.6027 0.38 3 013 02 08917
YR £ 1.73 4 0.43 2.57 4 0.64
p¥ i 66.71 12 54.83 12
R’=0.960 7 R,i=0.9326 R’=0.946 2 R,=0.907 8

E:*F EFRFE (0.01<P<0.05); ** ZFMEF (P<0.01),
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Fig.3 Response surface diagram of interaction of two factors

on zinc content in peanut bud
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Fig.4 Response surface diagram of the interaction of two factors
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on selenium content in peanut bud
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N 40 mg-L AT420 mg L. BHATEE IR, HAEE
T eE. S &0 41.56 mg'kg ' F122.46 mgkg '
BB A A 2 IR T 2.0 540 23.76 1%, SEINE B2
IR, BZE AR A AR SR . A E T AT
226 RAEFAKRKS
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B 5 AR B IEE ST REEIES 7 d FERKEN
Fig.5 Growth changes of peanut sprouts with different

treatments after 7 d of dark culture
E:(a) RFZOMBALAESF; (b) RFFHLLESF; (¢)
AT GAAE; (d) ATgH. MILLAHF,
x5 TEMEBHLEFERRS
Table S Growth state of peanut sprouts with different treatments
A3 RFERY% #* K /mm A& /mm
8 5109+ 11.19° 5.96+0.55° 59.84 +11.12° 79.77 = 25.93"

2 5e
% 5 /mm

Zn-30  56.53*7.74° 6.36+0.36 62.08 + 10.84" 70.28 +29.01°
Se-400 1222+ 1.11" 6.60 +0.49" 20.68 +5.87° 20.85+9.44°

Zn-40+
Se-420

E: AP ERE—2 KRR FHEEATEFEEF (P<0.05).
TAR.

Te A 25 S 10 A K 52 B 5 8 mT DU R R Ak P
GEMERKZTED Hx, BSEITHRAEM TR
EEHPIREARA, W CLE A HANEEE . 7 ot
feAdZFERKPEm, R, BEEEFNERKZ
PR, ERKEARIERE, ZRAEKRK, Ft
AZFAERKZENE], KA RN TS AR
WA E. WEEZENERN T EEIEEME
Wit AEZE 2 1) A e A i

RS ATHl, BRI RREE 3dER
7, WAEIT 5 mm WK ZFEE B 0 AR A
R TR WA E SRR A S VUM [F AR R A A
A R ZR A E A A 2F S S O R 2 A AT L
F(P<0.05). fEA4 I LKA HBAHEL, & i
oA F 2 AR IR 0, FL5 HAh A B (6 A 2F 2 T
EZER (P<0.05). = 70 A 20 i AR 2 rT R
IR E .

23 EXREREM
231 EAR. BhAKEES EG TN

B R AR RN R M R ERY . AR
FEL A S0 006 P W AT R A D A S 1 AR T & R R K 2
U HE 6 AT, VIAHAFER ST, EARSE
B s A, AS5HM=gAMt, WA
HARZEER (P<0.05. MBS EHSIMRIKIKEE
B IMALEEAE > il AL BRZH > F AN EEAE > A XY

2770 £4.67° 6.44 029" 43.33 £11.34" 56.35 £21.98"
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Ho WEE. AL PR RS B S Kb =
ML EA B EZR (P<0.05). Shahsavari 250K
BERT LU 4R 1 (7 B AN i . Seppanen
A5OSR SRR T LS R e A A SR AR T A
R it o AP SR A x84 A8 ORI RE T KR
WS BRI RS PR B AE A2, R & B
AbBRIAEA 2 o SR AR AL B 1 A6 AE F RS A R R ZH
Z AR BB ZE R (P<0.05). Huang 25" % B
T W T o 7 v e SR S ATV M S R BRI T
il e it
®6 FRLEMEEFELR. BIHFKEESHESE

Table 6 Protein, oil and water-soluble polysaccharide content of

peanut sprouts with different treatments

s A% BAE/% Kb S A /(mg-mL ")
=42 23.22+0.63" 52.61+1.58" 0.43 £0.04°
Zn-30 23.06 +0.70° 53.65 % 0.56" 0.40 +0.03°
Se-400 23.08 +0.75" 54.15+3.15" 0.43+0.01°
Zn-40+Se-420 24.65+0.04" 57.51 +1.95° 0.42 £0.04°

232 FHREEHEAA

WY R G R AR A A KA A AT AR
PERYY . @R 7 arm, PR E AR R, &
EEBEL T IIAE AR 2F TR W) o oG 2 340 At Ak FE 0
X T AR ZFE O R e R BN, AMEEE . AR
REdG e 2f P RE U RS IS 2, 5SAaxi
FHEE, & SEERAN A AR 2F TR B AN K 2 B 2 s 1
3.2% F1 6.2%, fHEEFEGTE U A Ab B A A6 2R RE S 2
HLREZER (P>0.05).

AR R R TR B B BRI DR AR A
105 0 e s A AR A B AR AR R R A = R,
5 H Al =Fp b BEAH L G 2 3% 2 % (P >0.05). fE
DU b b FEAE A ZERE B IR Bl BT ANAR 2 B B
5 (P<<0.05). PUFPab Ak 2F R E e R 2 M &
BERBUN, BB RS (X R R AR
(P<<0.05). AMEEERN 1)t I HG b0 1 46 A2 28 i 1) &
i, DURR AL AR AR 2 R A KNI N
T2 > B AL A F~E B R 2 > At i, HIY
FlAbEE e A ZEp i S R A B 2R (P<0.05).
XTI TR, B A S B AL
fm, BSTFAMBZEEREZER (P<0.05), 75
BT 5.1% 1 4.8%. SHICEAMIE, HMIEEEN 1)t
I¥Em T e e AR, B S R IOR/NT N

BRI AR T > B B AL AR O > Bl AL AR T > s A xd
B [RIRE, DURR AL BRI A 2 i il & B 2 1) 3 2
5 (P<0.05). SRR % B A i £ A0 ARG R R TT DA
TN i o AR R AR 1 1 B
233 EmESEhIERFELZHTA

My KA G ER Y T B A MY K AL S E
SR B 6 f 7 R A, AR G R B R Y 4R
REBS P R LR R iR R & & . 5 s A
bb, & B A6 A 2 R R A RS P A R R
fm (P<0.05). X5CHIWTERME—2, #lm
Garcia-Lopez 2552 2 B4 A0 £ 40 K UKL A2 33k BT 75 )y 2%
& AE AR A B . Pawel 255 Hff 5 i 70 AR
PR EZF W SRR 2By A i 1T RE 5 IR AR B
AR T AEA AR R IR & &, BY5R 1R
RRMBEE (PAL) gtE, Mgk 710k 2
iy R B ) A R AR 1P
32r
2.8+
24+
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1.6 F
12}
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Fig.6 Total phenol content of peanut sprouts with different

e

S

HHo
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Fig.7 Total flavonoid content of peanut sprouts with

different treatments
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R7 TRLENEEFTHREE

Table 7 Minerals content of peanut sprouts with different treatments

40 5 % /(ug-kg ") /(ngkg")  4E/(mgkeg') A4A/(mgkg') 4k/(mgkg') 4 /(mg-kg ") 4% /(mg-kg ")

=g 789.15+3.80" 3.36+0.10° 15.77+0.46"  6.86+0.02°  20.02+0.98"  1944.5142.72°  616.38+16.90"

Zn-30 826.76+0.84" 8.54+0.06" 16394033  7.24+0.04°  20.88+0.88"  1939.00+54.45"  602.90+1.15"

Se-400 762.87+11.07°  6.16+0.04° 16.4140.54°  7.25+0.02°  20.7740.57°  1990.19+67.76"  646.25+24.15"

Zn-40+Se-420  829.6143.79"  10.33+0.40°  17.19+0.26"  7.40+0.01'  21.23+0.08"  2059.03+18.64"  654.59+32.30"
234 SEFAPRGTA LIS f5. AT 825k RS &L MM,

Bl 8 27 A [F) Ak B B AR ZF B B 0 5B U i
Bl MRS &, EE. MiMEEFTH T2
Ty £ 5 H A B R . AR AR I S B e 1 )
HEE, A 1271.33~1 300.33 ng/100 mg 7£ Y 4L £f 5
W, EE RTINS SRS ERE, HIZ
AR S AR, TE A Rk, B
B WAEAE RN B ER S B S H AR =R
HHME AR EFEER (P<0.01); fEVUHEREN S,
R M PILR RS B, Qe
AFRILRRTEN 2.0 f5. HUGREMALA
ILAER, AREELAEFHILERETEN 1965, K
BERE. R R SL R SRR A 2R ) LA R il AE
AHESEREERS (P<005; ILFERMEILER
s R, RILFEMILERER . MiLE
2 R E A A6 AR 2 b S B A, 9 50.08 ng/100 mg A
4730 ng/100 mg, 57 F X4 (25.85 ng/100 mg)
AU Befe 4 2F (21.19 ng/100 mg) & & H B & %
F (P<<0.05). J5LARZILARRNERL ™), £
VO ZH B b, LA IR & 2 N s B AR KR & B
W46 A 2 > B AR 23 > A o AL > gl 46k
Fo BEEAEAE S I E LA & N 2.71 ng/100 mg,
HEHM=HFEMMEIILRREEZ A REER
(P<0.05). fEVYLHFE M, JELA M & 2 e 3
MR R & e TAEAE 2 > B A8 2 3 > B e bk
F>TFEXNMA, XERW, S0 E ERELA T T
MR LA RE AR . TEDILHRE S, BaE. MR 2R
JR LA & s, N 77.88 ng/100 mg, HH R =
HFEMME LR AR EES (P<005. &
BELORNAEAE S KR & & O 112.33 ng/100 mg,
M H A = H KR & B AE 52.42~59.62 ng/100 mg,
B EE A AR T K B IR B R4 e A AR AR
KR & B 2.14 15 . BEHlSL A & SR B SR
(P<<0.01) FEAEZFRIKIR & & B WA AL 2F IO B
ROERIR=ZHARETE (P<0.05), TMPYHME
an L, BB AR R S B RE, E
PEAE 28 NUE e A 28 O B R & B R TT 40 1.24 £ A0
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SEAERLREE. MAeEF > s
F>THNMBHE > FMAALF. B W EF
B T &ERE, N 11542 ng/100 mg, S5HAE=
AR TERZMAREER (P<0.05. 5
Z ML, Ting Z P WF R L, Al AR AR AR M S
Ty £ e, [N S Do IR 7 B o G R G I 3G 0,
W R WAy, AT AR R S
WE R E GG, IF B RS RO T
EH .

WA, Ay 285 R DR AR AT 1 SR kD
MR AE A —FER YR, B AT ST LA
FR I A2 e DO A A0 A 2 PR I 3 MK 3 /MK P 2
AN B < B T < BRI A T <R
o AL AR AR S = TR 1.86 £ . B S 2,
NI R RE S i Bk X AT NVN T Wel 6 o Ive = SN T )
BERSIAEFRREEY RS E, R TA EhH
b mT LR B .
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Fig.8 Total ion flow chromatogram of peanut sprouts with
different treatments
E: (a) ZAsTRBAFEAEF; (b) FHLLEF; (¢) TR
A3 (d) 4. BILAS.

R 8 TRMENELEFSHEE
Table 8 Polyphenol content of peanut sprouts with different
treatments (ng/100 mg)

E30 45 Zn-30 Se-400  Zn-40+Se-420

3t

28

127133 £2.82°1262.65 + 5.65" 1 146.63 £ 4.08° 1 300.33 +2.55°

JLEE 12.41£2.98° 10.10+1.49° 23.52+4.80" 24.85+4.18°

?ti)l‘ 25.85+5.27" 21.19£4.60° 47.30 £5.65" 50.08 +5.14°
rE

JB U

+ c + ab + be + a
P 55.64£5.63° 61.44+3.78" 71.04£5.65" 77.88+4.40

TABE 254+057° 3.18+0.85" 292+040° 3.79%0.16"

J&IU

P 3

1.97+0.11° 2.24+0.11° 0.93+0.15 2.71 £0.23"

FT 9443+2.81" 100.15+2.81° 59.42 £1.55° 115.42 +1.55°
KApBE 52.42£227° 59.62+£2.32° 59.18 £2.83" 112.33 £5.05°
#EE 4.07+0.56" 438+0.80"° 2.53+0.60° 5.04+0.49"

ARE 7072 +3.11° 58.14+2.68° 41.98+1.61° 37.98 +1.85°

24 FLAAMME

24.1 ABTS - iFFaE Az

CEWRIEYH, ZHEEMilidEsS ABTS - E
Brfe ) B IEA SRR . R E Be. W AE AR A I BAR
R s Ax A B Emeg, MK w s, 4
fiff = SRR HEAE AR 2E R 2 Wy () ABTS ™ W5 R BE 1. 1€
L2 SRS ABTS™ i 4% 68 1128 10 34 M
L, ABTS™ 15 Bk AE 71 M s BV AR e & B filifeAd:
> ERAR A TR > B AL R > A AR AR 4. H
WA AE A SE ) ABTS ™ TSR BE /1 54 A0 B2 A
BEER (P<0.05).
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Fig.9 ABTS"- removal ability of peanut sprouts with

H e

ABTS"H HETERR / %

different treatments
242 DPPH-FMR4 M

HH & 10 v] %1, DPPH- i % 6 77 HH =1 B A Ik 2
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AW TR 7N T AMIGAT R X 4 A 1 N
FAERKMFEW, LLACE A E IR S B R
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