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Abstract: In this study, soybean germination was investigated by using the uniform table of Uy, (10%) with the function of disclosing the
interactive correlation of different factors. The enrichment of three human essential trace elements, Zn, Co, and Se, was carried out during the
germination of soybean and growth of soybean sprouts. The amounts of enriched zinc, Co and Se and their amounts after organic enrichment
were evaluated, and the regression relationships between the amounts of exogenous zinc, Co and Se after bioaccumulation and the exogenous
concentrations of zinc, Co and Se in different treatments were examined. The interactions of exogenous concentrations of Zn, Co and Se with
their enrichment as well as the enrichment trends of Zn, Co and Se were found. The results showed that the interactions took place in the late
stage of sprout growth (after 30 h), and the interactions of [ZnxCo] and [CoxSe] were synergic. The absorption of Zn by sprouts was promoted
through double synergic effects of the exogenous Se, and antagonism was found between [ZnxSe] and [ZnxCoxSe]. The absorption of Se by
sprouts was inhibited through double antagonistic effects of the exogenous Zn. The organic conversion rates of the elements were low at the
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early stage of sprout growth (for the first 30 h), with the enrichment of the elements mainly via physical dialysis and absorption. In the late stage

Modern Food Science and Technology 2020, Vol.36, No.9

of sprout growth (after 30 h), organic enrichment took place through the interactions of exogenous concentrations of the elements. The
comprehensive evaluation revealed that the 3™, 6™ and 9™ treatments were particularly effective for simultaneous enrichment of Zn, Co and Se in
the sprouts, especially with the 3™ treatment (Zn**-Co®" mixture: [Zn*"]=1200 pg/L, [Co*'] =30 pg/L; Se** solution: [Se* =180 ug/L) applied
for 45 h (which led to the optimized enrichment of Zn, Co and Se: Zn>'=8.58 mg/kg, Co>'=63.10 pg/kg, Se*'=48.30 pg/kg). The organic
conversion rates of Zn, Co and Se were 49.50%, 25.94%, and 56.25%, respectively. The total amounts of the three enriched elements all

essentially reached their recommended intakes indicated by the Chinese dietary guidelines. The obtained results provide references for the

production of healthy vegetables enriched with multiple elements like Zn, Co and Se.
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Table 1 The uniform design table of Us (10°)
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Table 2 The concentration arrangement of treatment solutions
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' 0 300 600 900 1200 1500 1800 2100 2400 2700
Co?' 0 15 30 45 6 75 9 105 120 135
Se* 0 20 40 60 80 100 120 140 160 180
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Zn. Co. Se FEMEFMPIHLA Zn. Co M Se &
B ABERIEE R N Coy Zn il Se 174
75 RSP NI T T & 4 risk: 12
PESFEA R : HLZY 0.75 g FEAE T 25.0 mL B0,
B 0.20 mol/L NaH,PO, ¥&#{ 15.0 mL, fREFZERR
ASHFEHEE 20 min, 7E 70 CHYR 40 min; 2 J5 5.0
SrERERRIRI,  EIEBRH SR R IR,
JE7KAHF 0.22 pm AKAHRAFLIERSIE 38, FrAaA S By
TAUSTORIRIUR, A Frf3ss SR R
WA Zn. Co Fll Se &= .

L7 F&EASEENNE

ZEZEFr GB5009.3-2016 2 EFnE &
il 7K A3 O 5E

1.8 #kAE4 3

SEBSHHE (FRAF IR 1R — it = RSPAT 2
S, SEIGHR R A SPSS 22, Minitab 17.1, Excel 2016
WAATALEE, p<0.05, RRFERITHEEER,
p<0.01, FRIFEG I FEWEEER.

2 HR5WHS

2.1 TR E X R BRKRESH R

FLAFSRR IARHAN E 7K B AL S B SR AE K
WERBREER, ERRE RPN, BAES
UEKEDIYER B S RERKTR, TR, 4
KAE TR . XSG T RAS AR U BE AL 10
PG ZFREATINE,  THE T IR S B KR T M,
SKIGEERINE 1, K 1a 5B 5 G203 T iR Rl
I TR AN, 18] 10 2 A AL BT S A AR E T 56
FRIZF SRS 7K B I ] A AR

74

A 12 o fbB] < 4bHE6
i(l): o bFH2 o g7
gl A3 —o-fbHR
§ gl —~—4t®4 iy
;K 7L KB5S —o—4bFI10
g 6o
g 5r
= 4t
3L
2k
1k
O 1 1 1 1 1
0 15 30 45 60
KR H] / h
b 84f ——sbF1 o kbuE7
g%j+&¢f$2 —o- b8

78 I —A—QIE3 +5¢I§9
0L ~~hbF4 o fpEE1O

TIKE ) %
3
i
?é‘
E

KAER ] / h
B 1 TERES RGN T (a) MakE )
Fig.1 Hypocotyl lengths (a) and water contents (b) of the
soybean sprouts in different treatments
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Table 3 Regression analysis of the enrichments of Zn(A), Co(B)and Se(C) in bean sprouts
2R%) =25 42 R P s Pz

[# &1=0.00

= =+ &
Oh A#1)=12.730 + 0.214[A]x[A] R=0.71 0.02 [AXAJ=0.02
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— + =
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= + =
30h A#3)=10.377+137.337[A]x[B]x[C] R=0.78 0.00 [AxBxC]=0.00
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45h A(#4)=8.723+172.291[A]X[B]X[C]-132.150[B]*[C] R=0.93 0.00 [AXBxC]=0.00
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[B]=0.00
[AXA]=0.02
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o
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15h C(#2)=0.018+0.106[C] R=0.68 0.03 [
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Fig.2 Mutual interference among Co, Zn and Se during the
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Fig.3 Enrichments of total Zn (a) and organic Zn (b) over time
in different treatments
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HE 3 77 AL Zn TR E R A BN AISE LS
SIUEARA AR, B K K RIS D
Brkass, X5 Zn JUEXAEVEREIHER 25
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JEMB0 h J5), ZEIME/KE 15 h BGKGHE 1 0.13 g/g
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Fig.4 Enrichments of total Co (a) and organic Co (b) over time
in different treatments
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Fig.5 Enrichments of total Se (a) and organic Se (b) over time in
different treatments
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