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Optimization of Green Wheat Berry Meal Replacement Powder Formula

ZHANG Kang-yi, HE Meng-ying, KANG Zhi-min, GAO Ling-ling, SUN Fan-shu
(Center of Agricultural Products Processing, Henan Academy of Agricultural Sciences, Zhengzhou 450002, China)

Abstract: To optimize the formula of green wheat berry meal replacement powder, single factor experiment and uniform design methods
combined with multiple regression analysis were used to process data. The single factor experiment results illustrated that the additions of green
wheat berry powder, xylitol, CMC-Na and sodium citrate and particle size of green wheat berry powder were the factors with a great influences
on dissolving quality of meal replacement powder. Uniform design and principal component analysis showed that the factors influencing
sensory evaluation were ordered as: sodium citrate addition>particle size of green wheat berry powder; and the factors influencing wettability
were ordered as: CMC-Na additions>particle size of green wheat berry powder. Solubility, dispersibility and hydratability were followed by the
quadratic polynomial regression models. The four principal components extracted accounted for 92.72 % of the total variation, thus achieving
dimensional reduction; Through ridge regression analysis, a regression model for comprehensive score was established with a good degree of
fitting. Partial least squares regression analysis predicted the best formula: green wheat berry powder (61%), millet flour (18%), oat powder
(12%), xylitol (8%), CMC-Na (0.85%), sodium citrate (0.28%) and green wheat berry powder (125 mesh), under which the comprehensive
score was 1.13. The solubility of the product was good. This study laid the foundation for promoting green wheat berry meal replacement
powder.

Key words: green wheat berry meal replacement powder; fomula optimization; uniform design; principal component analysis
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Table 2 Uniform design test factor level U, (10°%)

spe X RS X %i/f:%'a\ X AAEEE X,CMC-Na  Xs #?#%iﬁiérh
HAE Y% A2/ B A E% BIE % B %
1 65 110 55 0.85 0.24
2 64 105 75 0.40 0.28
3 69 115 9.0 0.45 0.23
4 61 90 6.0 0.50 0.22
5 67 125 7.0 0.60 0.20
6 70 95 6.5 0.65 0.27
7 62 120 85 0.75 0.26
8 66 80 10.0 0.55 0.25
9 63 100 95 0.70 0.19
10 68 85 8.0 0.80 0.21
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Table 3 Effect of green wheat berry powder addition on reconstitutability of green wheat berry complex meal replacement powder

FEARFAEI% BEIEY TS RE % AL IR KAt 71 /(mL/g)
55 74.45+1.21° 79.46+0.74 14.410.29™ 103.27+2.33° 1.98+0.03"
60 80.03+1.57% 80.47+0.38% 15.89+1.21° 99.11+0.88° 2.01+0.06"
65 78.91+1.18° 80.54+1.25% 13.92+0.94° 66.07+4.46° 2.09+0.03"
70 81.19+1.87° 81.79+0.57° 15.700.37% 90.4042.96" 2.5040.14?
75 78.85+1.18 79.93+1.05° 14.30+0.69™ 89.84+1.15 2.11+0.08"

E: Bl—P P RE FE A THALG £ R E £ F(p<.05). T&F.
* 4 BEROCHNENEZCESREMN AR

Table 4 Effect of particle size of green wheat berry powder on reconstitutability of green wheat berry complex meal replacement

powder
HAEINEE/R BEIFS BRI SRS R P K48 71 /(mL/g)
60 80.33+0.58° 76.67+1.81° 14.55+0.23% 85.96+3.90° 1.96+0.10°
80 80.67+1.15° 77.99+0.56° 13.12+1.10° 80.96+1.39™ 1.94+0.08°
100 84.67+1.14° 77.52+0.58° 13.97+0.14% 77.83+2.03¢ 2.05+0.02°
120 85.33+2.08° 82.50+0.39° 15.42+0.26° 82.64+2.51% 2.13+0.07%
140 84.67+2.31° 80.71+0.70° 15.760.87° 92.78+0.66° 2.04+0.10®

*® 5 AEESRMEXN B X CESREMTEFEH RIS

Table 5 Effect of xylitol addition on reconstitutability of green wheat berry complex meal replacement powder

RAEEF R E % BEEY VSR % Skl HERAEAS KARE 77 /(mL/g)
4 80.75+0.66° 76.42+0.34° 18.50+0.41° 82.78+1.63° 2.06+0.02°
6 87.07+1.01% 85.92+0.22" 18.17+0.42° 74.95+0.64° 2.0740.01°
8 81.001.73° 90.650.08" 15.86+0.10° 73.16+2.83 2.24+0.05°
10 82.33+0.58° 90.06+0.88 12.59+0.20° 62.95+2.35° 1.98+0.05°
12 81.42+0.52" 85.09:+0.80° 13.65+0.16° 79.8621.02° 1.86+0.03
214 CMC-Na #hmg st F & i= LR EmF AR/ ME, 475 12.28's. 47.95s. £5 EATAl,
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Table 6 Effect of CMC-Na addition on reconstitutability of green wheat berry complex meal replacement powder

CMC-Na 75 m&/% BB IS R EI% S pEPEA A KAAE 77 /(mL/g)
0.2 79.84+0.36° 79.99+0.77° 12.78+0.48° 64.54+0.44° 1.71#0.01
0.4 81.5320.14" 81.6520.57" 12.28+0.12° 54.830.88" 1.74+0.03°
0.6 84.33+0.58° 89.43+0.40° 13.33+0.18" 47.95+0.74° 1.89+0.03°
0.8 89.08+0.12% 95.43+0.22° 13.44+0.40° 75.53+0.15° 2.02+0.02°
1.0 88.05+0.09° 90.67+0.34° 14.78+0.16% 92.49+1.51° 1.97+0.02"

R 7 ITERRNEN S CESREMER IR

Table 7 Effect of sodium citrate addition on reconstitutability of green wheat berry complex meal replacement powder

FrRRER BN E 1% BE BREEIY% RIS IR Tl K A8 71 /(mL/g)
0.22 78.3820.64% 89.47+0.45° 11.16+0.38°  80.66+0.19° 2.09+0.03"
0.24 79.510.50° 87.4420.34° 10.54+0.70%  79.12+057° 2.02+0.02
0.26 81.19+0.91° 95.70+0.31° 10.01£0.68"  64.0620.86" 2.06+0.02"
0.28 84.67+0.58 90.70£0.17" 12124052  77.81+0.57° 2.23+0.02°
0.30 77.46+0.43 90.75+0.24 12.71#0.59°  77.58+0.28° 2.04+0.02%
#* 8 HENFIHARER
Table 8 Uniform design with experimental results
KI5 Y A E IS Y, AR 1% Y ks \PRGRAETS Ys KAk 77 /(mL/g)
1 90.33+1.53 93.91+0.12 12.72+0.29 73.55+3.16 2.13+0.04
2 90.45+0.62 91.84+0.52 12.42+0.43 42.15+0.85 1.89+0.10
3 92.00£2.00 95.18+0.42 13.42+0.64 39.40+2.44 2.1140.11
4 82.67+1.15 96.1620.33 11.67+1.04 38.72+0.63 2.08+0.06
5 87.33+2.52 86.98+1.49 14.24+0.26 55.34+6.59 1.96+0.19
6 86.81+0.70 96.19+0.06 12.09+0.48 43.88+3.40 2.13+0.05
7 90.67+0.58 95.20+0.06 10.29+0.36 85.3145.44 1.90+0.20
8 83.9620.30 87.82+0.97 11.57+0.82 45.34+1.65 2.12+0.04
9 85.07+0.12 89.74+1.02 12.32+0.63 51.09+0.89 2.33+0.06
10 81.33+1.53 95.24+0.07 11.93+0.88 63.03+1.21 2.0040.11
R 9 IEFMEEUMETL
Table 9 Summary of the model parameters
F5AR AR X FHR P {4
Y, 52.985+0.195X,+59.738X 0.9165 0.0016
Y, 190.529-2.209X,+6.420X5-1.120X52+0.184X ,X5+0.980X,X 4-12.455X 5 X 4 0.9894 0.0131
Y, 11.564+0.001X,X,-0.215X,X5-0.396X5X 4 0.9112 0.0100
Y, -37.200+0.384X,+82.544X, 0.8840 0.0049
Ys 0.037+17.395X+0.037X3%-2.407 XX 0.9544 0.0015
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PR B VR IRCAFE R T 22 R s S mmEE F10 5 PERSIIHEE, THERRITREE
PR BRI E NS 2R A CMC-Na s InE:, 1 Table 10 Eigenvalues, contribution rates and cumulative
TEVE S ) IR CMC-Na s> 228 contribution rates of five principal components
KIJE . WIREE (Yo  aridE: (Yo « KERET) (Ys) EARS B TEHEM R RRE%
FE— IR IBNEI A PR 23 N T AR, E — Ik Bl 1 1.7366 34.7315 34.7315
TR (Yo Ao EE (Ya) 1K B2 K (p<0.05) , 2 1.3242 26.4847 61.2162
KERES (Ys) IEFIREZ/KF (p<0.01) , HAHE 3 0.8722 17.4439 78.6601
RER R 1, BARFIMEEE, Jrfsl—x 4 0.7029 14.0585 92.7186
FAARZE, PR TIEMRE. L AOKERE 5 0.3641 7.2814 100.0000
AR S SoSy wd Il peR (-2l &1 5 MEFHSERE
222 ERDDAT Table 11 Eigenvectors of five principal components
Wik 10 Fraw, @il oA, s Rtk AR IAN L EAN2 EASS3 EIANA EAHNS
KT 859%(H 5, $RHL 4 A FRSy, BTtk Y, 02357 06822 03558 03783 -0.4574
F| 92.72%, HPFEHUR) 4 ASER vl R A5 e s Y, 04428 -02807 07569 -0.0097  0.3895
92.7186%1){E 5., VEEHFEELLT 4 /> oy Refs 21l ) Y; -05051 05340 01533 00064  0.6596
IR A AR P RS . FHER 11 mI A, AR Y, 05512 01084 -05065 04778  0.4475
FEARIVRHIE ) XA N AT DS, YEss 1 & Ys -04352 -03986 01435 07928  -0.0514
R R/ NRHE AR T BRI DL R Ay s R ss 2 ME 12 R, 28 7 Akl e a8 a0 i,

TR RANHIARRR T ER B E PRy UESE 3 TR 4 1.0354; % 8 A5 MR G 15 IS, J9-0.8327.
KANHIFEAR FEEEIEMEE: BT 4 TR K/NIR
=12 AR ER DS
Table 12 Principal component scores for index
KI5 ER, TN EN, T EA5 3 EN T M55 AT

1 0.6089 0.6752 0.0437 1.3245 0.5369 0.6233

2 0.1908 1.2271 0.3149 -1.0672 -0.6934 0.2457

3 -0.5748 1.0637 1.6532 0.3113 -0.0599 0.4099

4 -0.1589 -1.5221 0.7210 -0.8149 0.1060 -0.4394

5 -1.2529 1.8261 -1.1199 -0.5243 0.6155 -0.1757

6 -0.0593 -0.6596 1.0647 0.0353 -0.0102 -0.0053

7 3.1017 0.1927 -0.6193 0.3314 -0.4321 1.0354

8 -0.9864 -0.7444 -1.1426 -0.2164 -0.8685 -0.8327

9 -1.5120 -0.9117 -0.4735 1.3220 -0.2468 -0.6813

10 0.6428 -1.1471 -0.4423 -0.7015 1.0526 -0.1797
223 ABARLEASAF BRI E S FEAIFHSC REUR 7 0.9917, A RS, [FIRSHE

F 13 ZABMERGEN RT7 23R 13 Fos, AR R 24 (p<0.01).
Table 13 Analysis of variance for comprehensive score 224 wAE LT IRN B IS E
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& 00511 4 00128 TZZH0: BERAIINE 61%, /INAK 5HEH
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Table 14 Verification of the optimized process conditions

SR H Y1 BB Yo MR Yo iktls Y, uRiBMls Ys KA AImMLg 24N
FRAA 94.09 97.52 8.97 80.96 1.88 1.28
KA 92.15 95.68 10.52 72.61 2.02 113
. [D].Jc8 LR K2%,2017
3 &g _ .
FENG Yan-jun. Research on process and antioxidant
KT RGEEZEREVEy . BRE. i, 1E properties of barley ferment powder and its meal replacement
B KERITRNS, KA BRRRM SIS S powder [D]. Wuxi: Jiang Nan University, 2017
X A B AR ATRC AL, FEXTREE [6] M, %K E, E A, & s FR AR IR I R IR AR
BT Z 0 gt b, BSLTINEA, BEERET R[] A TR, 2019,40(8):163-169
2N HERAHIIE 61%, /NEH SHEmININE LIU Jian, CAIl Yong-guo, WANG Xia-wei, et al. Preparation
SRIN 18%. 12%, HIERA MR 125 H, KPR and rheological properties of nutritional seabuckthorn meal
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