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Abstract: To obtain high-quality selenium-rich malt, the effects of two selenium enrichment methods on the selenium content of malt (from
barley) were compared and the effects of Na,SeO; concentration, steeping temperature, and steeping time on bud length, germination rate, and
selenium content of malt studied. The total selenium content and organic selenium ratio were selected as evaluation indices, and the processes used to
produce selenium-rich malt were optimized using response surface methodology. The physical and chemical indicators of selenium-rich malt and
normal malt were then compared, with results showing that the organic selenium content of malt can be significantly increased by immersing in
Na,SeO; solution in the steeping stage rather than spraying with Na,SeOs solution in the germination stage. The optimal conditions for selenium-rich
malt preparation were an Na,SeO5 concentration of 98 mg/L, steeping temperature of 18 “C, and a steeping period of 20 hours. Under these conditions,
a total selenium content of 19.81 mg/kg DW and organic selenium content of 12.90 mg/kg DW was obtained, which is 151 and 107 times those of
malt obtained via normal methods. Moreover, the malt quality remained unaffected. The results indicate that the developed preparation process has
competitive advantages and provide reference values for the development and utilization of selenium-rich malt in the future.
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MM, SRS BRGS0 17.22 il
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Y,=8.30+1.77>xA+0.0086xB+5.24C+0.52 <A >xB+
2.49%AXC-1.34>B>C+0.26xA%-1.37>B%+1.71>C?
Y,=66.24-1.52xA+0.286>B+9.91 xC+1.51 xA>B+
0.83%A>C-1.65>B>C-4.80%A%-9.51>B%-5.13>C?

=1 MEmREER

Table 1 Response surface experimental results

F5 A ZEBEIC B: NaSeO; RERAE/(mg/L) C: ZELEE/M EMAEEE/(mglkg DW) A AAERE/%
1 16 100 16 6.96 73.13
2 16 100 16 8.86 64.67
3 14 80 16 4.96 51.01
4 14 100 20 11.27 73.29
5 18 80 16 6.98 52.01
6 16 80 12 3.37 42.73
7 16 100 16 9.92 63.91
8 16 120 12 3.95 46.33
9 16 100 16 8.47 65.41
10 14 100 12 5.26 49.43
11 18 100 20 20.25 64.84
12 14 120 16 6.37 48.82
13 18 120 16 10.47 55.87
14 18 100 12 4.30 37.67
15 16 120 20 11.23 57.17
16 16 80 20 16.02 60.17
17 16 100 16 7.29 64.06

R 2 RS ERIRBEFESR
Table 2 ANOVA table of malt total selenium content regression model
BHRR P Aa AW HF F1& P14 BEH
ARA 296.89 9 32.99 13.49 0.0012 MEZFH
A 24.99 1 24.99 10.22 0.0151 N
B 0.06 1 0.060 0.024 0.8805
C 219.35 1 219.35 89.67 <0.000 1
AB 1.08 1 1.08 0.44 05274
AC 24.70 1 24.70 10.10 0.0155
BC 721 1 721 2.95 0.1297
A? 0.29 1 0.29 0.12 0.7418
B? 7.86 1 7.86 321 0.116 2
c? 12.29 1 12.29 5.03 0.0599
FRAE 17.12 7 245 261 0.1880
R AR 11.34 3 3.78
Yk £ 5.78 4 1.45
&2 314.02 16
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& 3 AHRLLREIHER S ES R

Table 3 ANOVA table of malt organic selenium ratio regression model

THFRIR 7 Aa fdE ¥ F1a P& BEM
ARA 147 6.03 9 164.00 5.09 0.0216 2%
A 18.48 1 18.48 0.57 04735 AR
B 0.64 1 0.64 0.02 0.8915
C 786.26 1 786.26 24.41 0.0017
AB 9.15 1 9.15 0.28 0.6105
AC 2.74 1 2.74 0.085 0.7790
BC 10.89 1 10.89 0.34 05792
A? 97.03 1 97.03 3.01 0.126 2
B? 380.64 1 380.64 11.82 0.0109
c? 110.72 1 110.72 344 0.106 1
KA 225.47 7 32.21 3.61 0.1234
KINR 164.67 3 54.89
Wik £ 60.81 4 15.20
ERFA 170 1.50 16
F 2. 3 53RNl AR Ty 22 i AL PRI IS A mT BEak BIVLAN, IRk st —2D 0

il 5 G [N ARERL ) 22 0T, 3R 2 RISk 3 ATk,
AMERLHG R EEME (P<0.0D), AFEXf Tk
(ER AL ESTPSRTE R E S ST SR N TE
(P>0.05), FRZBAMEE, FHZBR S,
IR, RUERERRI) . WAMEAY A R
5y WA R?=0.945 5. R%;=0.875 4, R*=0.867 5.
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AT PR T il 2 2] % SO AT T A o A

20 120 120, ;5 b 1B
112 % 112 < =
= - 104 St B, T104 : _
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Fig.5 Response surface of the interaction of various factors on
the total selenium content
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INIF,  FETAEY B ool 25 5 ORI, 8 St
FHEAEKIGE RIS, KR bR R
FEMRN AL, 1X — IR 2 i R 2 i ik 45 A
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Fig.6 Response surface of the interaction of various factors on

organic selenium ratio
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26 HAMRNE AL

IR R BN b, TR E 2 A AL
ELR KT 65%IMRTHE N, LUEG & B bR, #e
B RS B % T2 IR EIRE 177 C, 7%
W 98 mo/L, FHEMA] 20 h, EIZFEMHT, MR
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NIRRT S SR, RS A bR
S A TIEIE, HRFREE 18 C, RFK
JE 98 mg/L, I2ZEIFIE] 20 h (4 T HI% w22 24
WUFSCIG G MR, EMEFHLM S ER
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filithZh 65.47%, SEATFIFIZIA 97.57%, 1X
SWNMEAER YIS, R\,

2.7 FHE I Y & A EAIG AT R

W 4 s, A2 2RI 22 27 AH LB AL N TR
ANV Z0, T a-2 EER /RS E. b
WA E T HIEE . o- BRI SR R
HIT AR, SR T B AR AR I A T 32 31 B il
IIRCLE TR RO AR B AE T 22 R AR,
DRI B T SOV T K 2 PP R RIS . il
TP a- R RGNS e T A 2, R AT RS 1 2
FRNKIERARE ). Wb, WTEREGE 725 R
mEAE, RN R R E SRR, 2 R
EME T A5% R TE L B, (KT 36% R IE AN E
FOAF T MR R o AL ) 22 28 T RO S5
IRy, [FNE R E R R 22 2 e M g I 27 55 7
A ZE RO g e Tl A 2, R A e B
B AR T PR RS ). IR,
FIBA AL, BN RO R = 1 2 N
B, HrhRE B AN AT RO SR BLAR S B
100 £f%.

¥ 4 ZTFIEIRIR
Table 4 Physical and chemical indicators of malt

FALIEAR il £ & A
A& AL AT 1] /min 10.0020.00°  10.0040.00°
4% 78.70:4.40°  78.40+.50°
a-R 3k 5/(mg/100 g) 147.0045.70°  152.006.30°
JE R EAMEIY% 40.0043.50°  43.003.10°
ABA S WK 245.00410.22°  253.0049.80%
#8455 [(mglkg DW) 0.1340.01°  19.8140.90°
HAFESF/(mglkg DW)  0.1240.01°  12.9020.70°

i AATAER AR NBFEATEASEEF (P<0.05).
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3 g

AHE T EMT . NaSeOs IKE . RAIRE .
RN RN ZE R GER . KAl & s, 3t —
R FH AR I B 2R 4 T2 A R,
R BERH NapSeO, i iR g i R B4 Tk
ZEBER ] NapSeOs VBt & il RZZMBER A
FIFTE R 2RI R FRAM G EAA R
RN o e LTI R A S IR AR AR A% T 25k
4 4: Na,SeOs IE IR E 98 mg/L. R 18 C.
BB 20 h, FELCARAT T & i 22 AR L8
SN, AN S RSN 19.81 mglkg DW, B HLAN S &
5 12.90 mglkg DW, 5H5@ZZ ZEAHLL, & lEE 58
FEARRFEAAL, SAFIA LG 73 $ e 7 151 F5A
107 fi5. WHFEEE I A B 2R Tl Ak A P4 fiE e
WAKHE, LA & AR I i B4 5 it
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