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Abstract: To obtain high-quality blended whole cereal flour product, fresh green wheat berry, corn, and green bean were mixed and milled,
followed by vacuum freeze-drying. The cereal flour was analyzed for nutritional characteristics, physical properties, and sensory evaluation,
using pre-freezing temperature, material thickness, and drying time as experimental factors. The weighted average method was used to
determine the optimal operating parameters for vacuum freeze-drying process. The results indicated that the optimum ratio of green wheat berry,
corn, and green bean was 3:3:4, and the effects of these three factors on the overall index score were in the decreasing order of drying time>
material thickness> pre-freezing temperature. Under the optimal drying conditions (pre-freezing temperature: -40 ‘C, material thickness: 5 mm,
and drying time: 35 h), the composition of vitamin C, carotenoids, proteins, and flavonoids of the blended whole cereal flour were 40.73x107
mg/g, 6.25 pg/g, 18.36%, and 1.12 mg/g, respectively. Under the aforementioned optimal conditions, the prepared blended whole cereal flour
had high quality, good solubility (19.67%), good rehydration ratio (200.68%), low hygroscopicity (5.25%), uniform color, fine particles, and
unique aroma, with a comprehensive sensory quality score of 96.
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Table 1 Sensory evaluation of the cereal flour

HAT(HS) A P
LA ¥ —8h S R E 20~30

EFB0)  REREREE, BRLFE R¥H— 1020
% BB EA G EFESHA E MR E 0~10

BA % 50 BHER, RAA 20-30

AR(30 ) FAFR, A 22 10~20
H P E ) 2SRRI R AR 0~10

AU, LB, 1RRE 30~40

7240 27) v BTG, AR 20~30
AR TR, HA R B 0~20

13.5 %&9%a
K AR 7 20T L IR SRR R,
HARPREACAL IR S, R I35 B 77 1250 AN R
TR T RIS Z B LR GV . LR AR5
IR A (6) THE:
v=S (6)
X.

i

KF: VRS i RO TF A LARATMEE R
0; %5 i RAGATAEE; XA H | A4eAre9-T 4.

H IR E IR AR (7) T

W = V @

2V

KH Z-score FREATERS S TFRAR B AT PR
WAL EE, AR (8) THEH:
7. = Xff _Xi (8)

165



MK EmBHL

Modern Food Science and Technology

2017, Vol.33, No.7

Kb Z AR E R EBIL; XA RREEE;, XA
% i MG FHF A, 0, A F | RIBATIATRE.

W B FRbRR AL 5 B 7 SR AR S, 1t
SEA, BEIARFM TS
1.3.6 IEZ RIS

N T D E RN Z BRI RS R
TERTZZH, UZRYImIGETED iR, IR
IR R ZRKT R MR 2 .

2 EXIEERKFER
Table 2 Factors and their quantities used in the orthogonal

array design

A&
7K - - —
AFURRE/C BW#EE/mm  C TR E/A
1 30 5 25
2 -40 10 30
3 -50 15 35

14 it

% H] origin 7.0 A1 SPSS(v 19.0)%iHE Ab R4 A:%:f %k
PEEAT AL BN IE AT 25 BT

2 FER5vHS

21 ZAMEFLMEIE T

FH2A- FRNFE =R Ry R, DYk
BT RS AENELS R IR 3 P, HR 3
AL FEPYEER C MR A B &R T AR
REW), HRAHRESIE SRR, KT
MR SRR PR,

ZIRARIPEC R S 2= ToRANF SR AR
Ja, GHERETEREIREBWE TN, SEREE
AN FIC L 2 B A EATV-ANY, U026 4 o, 3:3:4
LBk 5 AR PIR LB A L, &
FRRT I & R AR BB 2 A
B REE, RS, B 2R EE
B AN Bk, aTRARE 3:3:4 FCELiasy)
FYE TR AT, R R, GRS IRE BT .
S BREIARIIR, SRE TR SRS R,
GRAN T B Rl R LRE TR S AR AR ,
(L k=S IR

®3 B—mMAMIH T EEFIRNESE

Table 3 Composition of the major nutritional components of single cereal flour species

S Yk £ C/(x10°mg/g) £ F FE/(ug/g) EQRI% 23 8R/(mg/g)
HHEA= 6.2342.93 3.8340.23 15.47+0.13 1.75+0.10
E 31.13+2.93 13.810.70 8.52+0.07 1.04+0.06
Ha 39.43+2.93 12.51+0.40 21.67+0.13 1.67+0.02
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Table 4 Composition of the major nutritional components of blended cereal flour in different proportions

FEw (FEim2kFa) $4F 0(x10°mgg) £¥F FE(ge) EFOR% EEE(mgg) REIRS
4:4:2 22.83+2.93 6.69+0.34 13.360.14 1.63+0.08 83
3:3:4 32.16+1.75 9.8620.17 17.84+0.09 2.030.02 92
2:2:6 34.91+2.56 8.35+0.62 16.66:0.12 0.97+0.05 86
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Table 5 Evaluation of the effect of pre-freezing temperatures on the nutritional quality of blended cereal flour
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20 -1.1067 -1.0800 -0.5621 -1.4362 -1.1447
-30 -0.4742 -0.6621 0.9262 0.0319 -0.3124
-40 1.5811 1.5230 1.1661 1.2234 1.4518
-50 0.1581 0.2637 -0.3876 -0.3723 0.0229
-60 -0.1580 -0.0441 -1.1460 0.5532 -0.0176
FHME 26.98 6.53 15.98 0.67
AR E 6.56 1.02 0.60 0.09
RRAH 0.243 0.156 0.037 0.140
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Fig.1 Effect of pre-freezing temperatures on the composition of

major nutritional components of blended cereal flour
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Fig.2 Effect of material thickness on the composition of major

nutritional components of blended cereal flour
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Table 6 Evaluation of the effect of material thickness on the nutritional quality of blended cereal flour

. ARSI N
/R A EC e B2 4R % e

5 0.5380 0.9578 -0.6136 0.4784 0.5684

10 1.1068 1.0900 0.8447 -0.2234 0.6615

15 0.2371 -0.2390 -0.7689 0.4964 0.2028

20 -0.3675 -0.5853 1.3106 1.1295 0.1252

25 -1.5149 -1.2220 -0.7803 -1.1691 -1.3254

#TFR
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Fig.3 Effect of drying time on the levels of major nutritional

components of blended cereal flour
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Table 7 Evaluation of the effect of drying time on the nutritional quality of blended cereal flour

FIAT 1A /h e i3y
trk C EL ANy Eam BS 3i

20 -1.2163 -1.1440 -1.4856 -0.7000 -1.0476

25 -0.8918 -0.5741 -0.4687 1.2470 -0.2138

30 1.0557 0.4566 0.9845 0.9267 0.8409

35 0.3579 1.4556 0.7442 -0.7000 0.3434

40 0.6947 -0.1951 0.2261 0.9824 0.4884
A 19.53 6.26 15.23 0.87
A E 6.93 0.98 2.12 0.17
TRFH 0.327 0.157 0.139 0.192
RE 0.369 0.177 0.157 0.235
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Table 8 Experiment with a L (3%) orthogonal array design and standardized scores of quality evaluation
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ABC, -30 5 25 -1.4078  -12781  -2.0508 -0.7000 1.3330 -0.7872 -12320 -1.3700 -0.5789
ABC, -30 10 30 -0.0882 04563  -0.0738 0.0196 -0.6374 -03298 0.7705 0.5827 -0.0482
ABC; =30 15 35 0.1777  -1.0563  -0.4323 -04412 1.0292 -03936 -1.6007 -0.0339 -0.0386
ABC,  -40 5 30 1.3963 17313 15108 19216 -1.3743 1.8298 09792 1.8160 0.8649
AB,Cy 40 10 35 1.0631 -0.5500 04723 0.6569 -1.0351 1.0000 0.8046  0.9938 0.3108
AB;C, 40 15 25 212428 -00719  -0.1723 -1.6373 1.1287 = -1.0532 -0.9817 -0.8561 -0.4950
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