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Changes of Nutrients in Whole Wheat Grains before and after
Processed into Whole Wheat Crisps
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Abstract: In order to maximize the retention of wheat nutrients and give good mouthfeel of final
products, whole wheat grains were directly used to prepare whole wheat crisps by following the steps
of steaming, extrusion and microwave vacuum dehydration. Changes of main nutrients in wheat
before and after processing were analyzed. The results showed that after extrusion and microwave
vacuum dehydration, the starch was degraded slightly and completely gelatinized, besides its water
solubility and water absorption index increased. The protein content increased slightly, and the free
essential amino acids content remained unchanged. The in vitro protein digestibility increased from
69.31% to 76.55%. The fat content did not change significantly, whereas the saturated fatty acid
content increased from 36.71% to 56.78%, and the fatty acid content decreased. The total dietary
fiber content did not change much, but the soluble dietary fiber increased from 2.06% to 2.64%. The
total phenolic content increased by 2.6 times.
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Table 1 Change of content of nutrients(dry basis) after extrusion and dehydration

A

UNT = 60.36+0.3" 8.21+0.1
By 57.56+0.4* 9.38+0.3"
g R 57.43+0.2* 10.19+0.0°

1.16+0.1* 11.62+0.09* 36.30+0.96*
0.99+0.1* 11.68+0.07* 119.00+4.69¢
0.95+0.1 11.60+0.11° 94.29+5.48"

T < 3R [ 9 B0 9 A ) 5 B e 7R B =22 1) AT 25 4 22 5 (P<0.05) .
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Fig. 1 DSC spectrum of wheat starch before and after
extrusion and dehydration
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Table 2 DSC gelatinization parameters of wheat starch

P

before and after extrusion and dehydration
/N 57.50+0.67 63.39+0.58 67.75+0.37 6.40+0.16
Frihy
e J — — — —

37.72+0.98 47.52+0.22 56.71+0.39 0.76+0.22

W T, T, T AH 53 50 375 2t W) AL i B2
TR ALk 2
x3 ?%F&:Fﬁéﬁﬁ)%d\% WAI % WSI
Table 3 WAI and WSI values before and after extrusion
and dehydration

(IR RS 2R W

e WAI/(g/g) WSI/(g/hg)
JE/N 2.6020.1° 4.3220.0°
iy 5.34£0.0" 4.54+0.2°
i} 8.6420.2¢ 9.5120.2"
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Table 4 Amino acids contents of wheat, extrudes and
crisps
(mgrkg)
RAHR 159.20+7.07*  170.88+7.07*  156.93+0.00°
FaE=Ni 222.88+7.07"  22631x21.21*  253.85+3.54"
22 5 28.66+0.71° 30.94+4.95 28.15+1.06"
EE=NI 57.7742.12° 62.35+0.71° 61.85+1.41"
HamR 63.22+3.54"  62.81x18.38"  69.23+0.71°
PN 73.23+3.54* 82.67+3.54" 75.69+1.41°
K AR 227.43+14.14*  226.31x21.21*  216.93+3.54*
AR 204.68+7.07*  221.69+28.28*  203.08+0.00°
% R 181.94+0.00°  175.50+14.14* 212.31+21.21°
PR 18.64+0.71° 17.09+2.12° 18.00+1.06"
AR 84.60+0.00" 101.61£0.00°  92.31+0.00"
HE R 34.57+4.24° 38.80+5.66° 35.54+1.77"
ESISEAN 75.05+0.71° 78.98+4.95 74.77+3.54°
SSrEMm 60.95+11.31°  63.27+3.54 56.31+0.71°
SRR 90.97+0.00"  106.23+7.07"  96.93+3.54"
AR 82.33+4.95° 88.21+3.54° 84.93+1.41°
i S 1 382.07+14.14*  360.24+14.14*  369.24+7.07*
ME LR 2 048.19+37.47* 2 113.89+112.43" 2 106.05+20.51°

< e R RAT Bl 10 R R B R Bl B T
(P<0.05)
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Fig. 2 In vitro protein digestibility before and after

extrusion and dehydration
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Table S Fatty acid composition before and after extrusion

and dehydration

VER =L 0.027+0.00"  0.03+0.00° 0.02+0.00*

T B E IR 0.82+0.02°  0.51+0.03* 0.67+0.01"
RS S 0.08+0.00*  0.11+0.00" 0.09+0.01*
T R 21.23+0.20°  25.37+0.69"  32.01x0.15°
(R R 1.87+0.09* 1.14+0.04* 1.05+0.04*
BRI 0.18+0.00*  0.24+0.00* 0.41+0.04"
T i R 15.14+0.30°  10.32£0.35*  23.30+4.39"
il 35.76+1.01"  22.70+0.14*  22.17+4.75
IR 20.40£0.60"  34.10+0.63°  15.63+0.20°
BIA/NL 1.17£0.05*  2.04£0.01° 0.91+0.02*
AR 0.15+0.00*  0.17+0.00° 0.23+0.04*
il /417 0.99+0.02*  0.78+0.07° 0.77+0.12*
B i A2 0.44+0.01*  0.40+0.09° 0.52+0.02*
TEA: 04 R 0.64+0.02*  0.90+0.23" 0.85+0.37*
L i R 0.07£0.00*  0.12+0.00" 0.06+0.01*
By e /1 0.26+0.00*  0.34+0.05* 0.28+0.07*
CnDHA 0.77£0.01*  0.72+0.17* 1.05£0.03
>.SFA 37.7120.48" 36.88+1.07°  56.78+4.24"

Y UFA 61.86+0.47" 62.72+0.98"  42.70+4.27°

TE  SFA ARG U7 2 , UFA AN 100 A0 i 5 192 5 3 o [m] A7 4 Y
AN TR 7B R B 2 ) BAT 2 3 M 22 5+ (P<0.05) .

LHSt A SR 2020 FE 9B 7 H




RESEARCH ARTICLE

BAO Wanglu,et al: Changes of Nutrients in Whole Wheat Grains before

and after Processed into Whole Wheat Crisps

242 fEmEALe T 5N, HABMHL, /D
A2 I i 107 5 B e M TR AR T, i LA /IN A R R
Jo F14 78 A oA A o T AR v R R AL AR T
DR i FH S 7S /N 2 I U A S R 9
Ji DT AR AR B WX — 15 O . AIET 3 WT LU i, ead
PR KA T AL BRS | £ W KOYE F 1 Ui 1
PR AL ) B8 S /N A2 T e, 5% 1 W A IYE J 22 T g 77 7R
(25 5 A3 (p>0.05) o L EE5 R RIT 2 0 BF 6 K
RN T AR BRSNS 5 SR A A B A, /N
A WMWK BOREAT B e R A S PRI TR AE .

45 b

JiUNZE e e

B3 HERTRIENEENRE
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Table 6 Amount of dietary fiber before and after

extrusion and dehydration

53] SRR | AR Al | A 15@ et
(g/hg) (g/hg) 4t/ (g/hg)
JF/NAE 11.62+0.06° 2.06+0.06* 9.58+0.14"
B 11.75+0.13 2.71£0.13" 9.03+0.17*
Jie F 11.69+0.09* 2.64+0.09 9.06+0.13*

TE 2 AT B0 A AN 7] 5 1 3R B (B =2 1) BAT o 38k 22 =
(P<0.05),

Xt T I /N A R P, B s 2 kA Bk e 4 8
DI 55 B DA RS 88 PR M I 2R W R 4 S R
JRCAEAT 22 W $1 OGRS, o 2 X0 ™, Gl s
RS ME R rb S A R RO B R R L 4SS
i 14 J5 R AR R R BB PO N e BT A
LA TR ARAE T 22K P25 22 0 09 o 20 B A Dt
DR folc D2 8 0 1 21 0y Jo ) A W 7 LE AN R TR
RT KERTRUREREBMRESBEN

Table 7 Amount of total phenolic before and after

extrusion and dehydration

S5 i lﬁﬁ/ £y lﬁﬁ/ S/
(mg/hg) (mg/hg) (mg/hg)
/N 17.56+0.97 18.75+1.54 36.30+0.96
iy 37.11+3.34 81.88+4.33 119.00+4.69
i 36.47+4.16 57.81+4.83 94.29+5.48

TE 2 Rl B 9 A [ B R Bl 2 ) B W Pk 22
(P<0.05),

|3 2 5

BRI T a2 e Fr ), JEds o2 A mi Ak
VAR PR AR R 5 R BT AR AR R R D B R A )
D T I T A LA R S B e A A, L
AR W]/ A2 22 B TR K BB LS T R A Y 42
2 M B SR E B R, AR e . (HR Rl B
M A R e o M S R AR i T L i
O R TR A AR B R R R

[ 1] REIIE, BE G0, /N 2RPRLTE R BRAL RV 5 i B0 2R B CH AR PRAILRIF 50 0 SR U], 22 26 4F 42+ 42, 2018,38(11) : 1338-1351.
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