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Study of Processing Technology of Selenium Enriched Nutritious Black Cereals
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(Institute of Agricultural Product Processing, Shanxi Academy of Agricultural Science, Shanxi Key Laboratory of
Characteristic Agricultural Product Processing , Taiyuan 030031, Shanxi, China)
Abstract: Using triticale as raw material, the processing technology and optimal formula of selenium enriched
nutritious cereals was investigated. Basing on single—factor and orthogonal test, optimal processing parameters
of selenium—enriched nutritious cereals were as followings: five zone temperature (60, 100, 100, 50 °C and
40 °C) of twin screw extruder, addition quantity of water 25 %, flour fineness 140 mesh, dryness time 30 mins,
addition quantity of kappa —selenocarrageenan 0.168 mg/kg, addition quantity of quinoa 50 % , dryness
temperature 50 °C, fruit pulp content 30 %, sucrose 15 %, citric acid 0.08 %. Under the condition, degree of

cure and quality of selenium enriched nutritious cereals were the best. Selenium loss in triticale was the lowest.

Key words: triticale; selenium enrichment; extrusion; selenide carrageenan; orthogonal test

HE W

FE, R RS EBERBENA ML LA R AR S TFA,2019,40(12): 116-121
MENG Jingyan, LI Hongyu, ZHANG Qianfang, et al. Study of Processing Technology of Selenium Enriched Nutritious Black
Cereals[J]. Food Research and Development,2019,40(12):116-121

PR/ SRR IR & R S SR X
MR FRAR TR, B ikl 25 DR LA 25
Ag O IS R I 5 25101, il A A A AN X RE A 8
A DABH -9 A0 A= 1, B ea i , PR3N | 15 ok S0 22
T35 VAT NMXT A A R S P AR, BRI
AT iR 17 %, TP B8 /N A2 2 1 B i &
ANAE 15 %Lh T, SRR I & i HUfE) ™ ny O Btk ii
INAZ T 37.33 %, HH, N BB/ N ] E B
TR AE RIS e RN 7 T A0, T il SR N2
FEIUH PRI T R BOCHTH (2140311024-1)

VEZ RIS« b (1968—), 53 (L), BIFT 5 AU, R 8 )y 1a) < AR 7=
iy /1

Fi AR — T 2% 64 D REAE D5 i B i, R A AR 52
S I H /N ™ iy, FETT ST S AR 25 T R
FURT, AR E 0 2 7 F T8 2 (HLEE X RN 22
AR R AT I B HGE . AOFTERR BRI
PEARN, T SR/ NAE B 22 RN 14 ) AL, o
BIRR/NE L I T TR, & iR 1y
RIUBETAAE = SR B A A o

1 #REFE
L1 MRS

BNZE 76 5 IR AR AR i
4 526 5 PYE AN AR EBEAR AT Pr B 3t s Al b=



BRAKR

HE,F EHERELER M T LR

117——

P B B MR R A PR A Wl s alivok i e

FMHE36-24 SUSAF 57 R AL : W & SR o T
FEHARF R ABE- T BIBFEHRE AP 5 2815 4k
BB 7 5 KC-705 BURMREHIL - Jb o [R) R4 & J A B
VNI
12 ik
12,1 T 25k

JE— L g B A IR & — &
o T KIE A2 B
122 #AEZ

DI/ NAE | F R BB/ N R IR AR TR

2 WG BEAT 1) BB /INZE T TAG R A T T, T
R EEA 40 °C BTE2R 20 min~30 min.

3KHET 5 R 2B/ INZ TR WERLIEA TRy W AL B
MR e /N By AR R LA 3] 100 H DL

4) BURS R - () BB /N A2 3 100 kg, i Ak F 7 I s
Ttk 168 pe/ke, G R 3 %, TR AR BIR A
Yk,

5) FBURAT 55 R A PR A T 5 TR AL, DU
FFEE ALY 5 A XS BEAR PR, 43514 60,100,100,
50 CHI 40 °C, PPEHOWEHE R 18 ke/h AR 43180
25 % , WUEFFHT AL VIR 34 700 /min,

6 K4 AT Py Pk ok A R SR AT T4, TR
F£2A 60 °C (BF[E]2A 30 min,

NG TG PRI 8 I BB |, 4755 — ik
Al I LEE H EHREEERSY 100 °C, AL fL 2%
TN 70 m/s,

8 ) LS RS H = R, RIS 3 20
WISI E iR b, S SR e AT
123 JB/NE I A b Y ik

BNEBA EEE ARARDT 24 ARTARE R A

FE TR Z A RAE DI RE R, BRI TE A R R
RN 76 5 55 526 5 FAETE UK, 4340 ), dh
Tl 22 T it ot 2 St A, PR A PR A S A by 2 22
N T, 7 /N2 i 28 TN B & T
B R ZEE N B A TR LR
1.2.4  HHEHUIZA R E LT

TEA/NE Ry hn Ly, 2% 8 S 7E = R A RS
IR 45 R BRI PE B, 2R ] FMHE36-24 X)L
WEFFBE LA T 43 B B o 2D BRI IR AL B, L4k 7

i AT AR 6 SR IR R (SR A i
For A bR UE . T H IESS 53 HT R ] SPSS 43 MRt
12,5 H/NE R ik -RR AL i i i 1 D e
PR/NAZ 427 TG ER I

il £ P s Ak i 1 BT« 4% GB 14880-
2012€ & it E SRR AL FIARUE) I ALAE , 1k -R LI
VR 28 K il i ARG 14 JsURL IS, LA AT 5 1k
1 140 perkg~280 wg/kgo TRI6 R AR Ak 2 UH:
TRRI 12 A5 HCHE , BIAR Y R AL i 0.168 mg/kg

(0.0168 %) , it A A 5 0.168 merkg 1Y 0.5 1%
1A 1.5 4% 3 K IR A TANAE R hoie (AR TR 22
W) B FRALFE BRI e
1.2.6  EVEFRRE RN 2L

FELL BRI i 3t b, SRR IR AL AR AN R A5 4
Tk, BYRRANEE , TRt 4 AN 2067 1E R %

Lo(3*)o LISRZZ K BB RE DL SR £ 1 25 2548 b, X
B SRR N T T 2 Ak
127 Bl KR A U BRI s

PAZZ B a5 M R AN A (B 4
Prxt 22 iR ATV Bl o B A2 LA 43 100 43,
KB B R PR AR A S X RE A A TFT 43, BOFYy
(E RS o B E I EARE LS 1,

F1 BETSRE
Table 1 Sensory score evaluation criteria
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Table 2 Comparison of main nutritional components between
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Continue table 4 Orthogonal test for whole wheat cereal aging

triticale 76 and 526 temperature
ME H MUNAE 76 193 526 WiE/NAE (B 14) R A B C D LEATESY
R % 15.41 16.1 12.21 8 3 2 1 3 78.79
B/ % 25 1.7 15 9 3 3 2 1 76.6
FU: 2% 46 46 32 k, 84.20 83.92 81.94 81.84
Bk AL A% 68.9 66.4 734 k, 82.48 82.20 82.26 82.14
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5%/(mg/kg) 4480 2280 2230 R 538 474 L1 0.82
5/(mgfkg) 399.0 450.0 450.0 - 2 ALy N
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Table 3 Experimental factors and level arrangement

A3 IXIE/C B4 XIEE/C €5 XKIE/C D6 XiE/IC
1 100 100 60 50
2 120 120 50 40
140 140 40 30
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Table 4 Orthogonal test for whole wheat cereal aging temperature

I Coass A B C D LER VY
1 1 1 1 1 86.6
2 1 2 2 2 85.5
3 1 3 3 3 80.51
4 2 1 2 3 84.68
5 2 2 3 1 82.32
6 2 3 1 2 80.43
7 3 1 3 2 80.49
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Table 5 Analysis of variance of orthogonal test
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Table 6 Results of three parallel experiments
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Table 7 Comparison of selenium content in triticale prepared by

seleno carrageenan with different times

=2 PGSl i/ (mg/kg )
1 0.5 17k 0.404
2 1 fikE 2.30
3 1.5 fi5#E 2.89
4 ket 0.134
5 Xf REAE 0.107
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Fig.1 Effect of fineness on sensory quality
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Fig.2 Effect of Water Addition on Sensory Quality
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Fig.3 Effects of drying time on sensory quality
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Continue table 9 Orthogonal experiment table on quality and
& 87.001 processing conditions of triticale
QE ool WBT A B C D &AW
%ﬁ ki 80.03 83.77 84.7 82.17
& 85.001 k, 87.43 85.6 80.5 84.8
ks 84.23 82.3 86.4 84.7
84.00 R 7.4 33 5.9 2.63
O.ISO 1.60 1.I50
A R I H 1A 45 2 5 7 26 DA SO AS i gG 25 R nl
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Fig.4 Effect of addition quantity of selenium carrageenan on

sensory quality

ML 4 BT Al AR HLREAS INLL 0.168 mg/kg Ay 4k
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Table 10 Results of three parallel experiments

i H il 25 40 52 / (mg/kg) JRE IS
KR ILF 8, IEACIRIG A R WA 9, T 223 89.4
g2 237 91.5
%8 RBEERATRE o=
V=K 2.29 90.3
Table 8 Experimental factors and level arrangement
BifE 2.296 90.4
¥ (S Bt 2 0.070 2 1.069 3
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Table 9 Orthogonal experiment table on quality and processing

conditions of triticale

L as) A B C D LA
1 1 1 1 1 79.0
2 1 2 2 2 79.3
3 1 3 3 3 81.8
4 2 1 2 3 84.8
5 2 2 3 1 89.9
6 2 3 1 2 87.6
7 3 1 3 2 87.5
8 3 2 1 3 87.6
9 3 3 2 1 77.6
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Table 11 Quality analysis of selenium enriched triticale flour

[ N PRI N ES5E N
ERETIy e e
HLEH/(g/100g) 15.6 15.8 12.21
R M/ (/100 ) 1.36 2.03 15
BIEEL4E/(2/100 ¢) 9.42 9.38 32
AP L 4E/(2/100 g) 0.34 0.30 0
#irE % C/(mg/100 g) 424 95.2 0
Tifi/(mg/kg) 2.3 2.3 0.09
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