R EmiB Modern Food Science and Technology 2022, Vol.38, No.2

ETERT SR LT ER N RS
nnﬁ,mmﬂ:'f)

FEE, MiEE, BOU, BER, T, i
(bl RALAF R R E dohn T E5AZRIEARA T, AKX 430064)

THEE: AT R SAR i &6 Nk, KRR ERGaH 5 RESATT 5t REH N Z AR AT A A Ifik, 1@ iE]
A2 ANREIFANF R A 2 A RBRF RN Z ) B RSe. &F. s fiasiE, R RSO AR ES I T ik, ik
B R BB N Z KA o T ) R ARATIF AT R, S RAY: FRR 2 SRR, ey, K. @R, A
L BARKEE. RAHLE. RARM. WAMAER AR, BRI 20%. AN ZRS O FERIRA T 8 EREML 4 N ERS
BT, Rith ZTREEEZ] 84.182%, IRBLESIFMBIMEAT AT FHES, 420 HE LA =42492% DFIXF1 F. DFIXF1 LAedhhl @

s BESHREDIE N LR h 4 %, K4 DFIXF1 T4 DFIXF1 L 5#4l@rah—£, SRy oVEE—K., 2/F
El#d% s 2k F, DFIXFl F#4= DFXF1 E&RRE, M F. 8M b= 2T TRk £, A FERSFRRESF L LM £
LRV e B I B Y A R I B e

KRR DNEARA RSO RESAT SwARN

XEES: 1673-9078(2022)02-164-171 DOI: 10.13982/j.mfst.1673-9078.2022.2.0284

Comprehensive Quality Evaluation of Different Wheat Middlings by

Principal Component Analysis and Cluster Analysis

SUI Yong, SHI Jianbin, CAI Sha, XIONG Tian, WANG Shachua, MEI Xin*
(Institute for Farm Products Processing and Nuclear-Agricultural Technology, Hubei Academy of Agricultural Science, Wuhan
430064, China)

Abstract: In order to obtain high-quality wheat middlings for food use, principal component analysis and clustering analysis were used to
analyze and screen different varieties of wheat middlings. The nutritional quality, color, gluten characteristics and gelatinization properties of 12
different varieties of wheat middlings and 2 different grades of wheat flour were determined. The main indexes for quality evaluation of different
varieties of wheat middlings were screened and classified by principal component analysis and cluster analysis. The results showed that among
the quality characteristics of different wheat middling flours, the coefficients of variation (CVs) of the lipids, ash, gluten index, peak viscosity,
trough viscosity, final viscosity, breakdown and setback values were relatively high (all>20%). By principal component analysis, 4 more
representative principal component factors were extracted, the cumulative variance contribution rates reached 84.182%. Analysis, calculation
and ranking were conducted according to the comprehensive evaluation function, developed based on principal component analysis, the top
three of the comprehensive ranking were DF1XF1-under, DF1XF1-upper and refined wheat flour, respectively. The cluster analysis divided the
different varieties of wheat middling samples into 4 categories, and DF1XF1-under flour, DF1XF1-upper flour and refined wheat flour belonged
to the same category, which was consistent with the results of the principal component analysis. Among the 12 varieties of wheat middling flour,
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DF1XF1-under and DF1XF1-upper had the best quality, whilst 7M-under, 8M-upper and 2T-under had the worst quality. Comprehensive

evaluation of the quality characteristics of wheat middling flour based on principal component analysis and cluster analysis can provide a

reference for its high-value utilization in foods.
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Table 1 Nutritional qualities of different wheat middlings

N Srr N A G N RN

#e g e gion  eion  igion  dgiongy RIS
4BF T 14.53£0.06™  52.76+0.75%  14.03£0.55%  1.03£0.32% 1.19+0.17%  22.14+0.49"  220.00+28.28"
5BF L 14.50£0.44°  50.53£0.95°  16.53+0.06°°  1.87+0.15°  1.47+0.08° 23.45£0.29%°  251.00+1.41°
™ T 1337+0.06¢  59.71+1.93%  1330+0.20%  0.87+025°  0.15£0.02'  16.48+0.00"  202.00+2.83¢
8M Lt 122040.00° 54.01+1.88%  16.97+0.67°  1.77+0.15°  2.65+0.01°  17.80+0.57¢  279.00+7.07°
8M T 14.5040.00*  60.81£2.91"  1497+025%  337+0.15°  0.58+021"  27.77+0.33"  271.00+2.83
ITTF 14.60£037°  59.37+1.13%  12.70£044%  037+0.12F  0.94+0.04% 2528+0.54%  294.50+3.54°
2T F 14.40£0.00°  51.56+0.22%  16.00£0.20°¢  0.23+0.12"  1.96+0.23°  23.12+0.50°  219.50+2.12¢
D4 14.60£0.00™  55.93+0.78%  16.27+0.67"  0.83+0.15°  0.99+0.09% 27.42+0.53"  278.00+1.41%
DFIXF1 £ 14.63£0.06°  45.77+039"  15.63+0.67°¢ 1.37+0.15% 0.75£0.022"  27.58+0.33"  272.50+9.19"
DFIXF1 T 14.77£0.06°  56.75:048"  16.07£0.45™  1.73+0.40°  0.72+0.15"  27.6120.61°  283.50+6.36™
DF2XF2 £ 14.5040.03°  46.05£0.49°  16.60£0.98  1.60£0.10™  1.23£0.02° 24.00£0.33%  275.50+3.54%
DF2XF2 F  1487+0.06" 57.98£0.53%  15.10+0.44%  0.90£026° 1.12+0.14*"  26.02+0.33°  291.00+£1.41®
L@dme 14772006 63.83x0.63  15.87+0.93°¢  0.87+0.12°  0.64£0.06"  25.09+0.29°  287.50+7.78"
A @B 144020365 66.71£037  1627+0.51"  0.33£0.06"  0.45£0.01'  24.17+0.95%  296.00+4.24°

T FF /% 4.93 10.94 8.67 66.89 59.96 14.18 11.55

E BB AR FEATA ZEMER (p<0.05), TR
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Table 2 Color of different wheat middlings
#do L a b

23 FEIB N KONt T A A b

12 ANAN[ERG /N KRR 2 AN AN[R /N ZE R (1)
AR ANER 3 B, T 8 A A i A7k o 25
BAR AP 15% L4, HHEHLRREEK

(23.42%), ZZBIANE] K i Koy AR T H 18] 1D A5 e 1 22
TR

ZEREIR, YN DF1IXF1 FAT 8M b 5 ity
T ATREOE Y, SR THEMB KN (p<0.05), X
5 SCHRIRE—3,  FTEA AR X R E A2
JRSPL, YT A S B, T BN PO TR A A K,

ABF T 91.8040.13°  1.84+0.06°  9.42+0.05° BB Ok L, TR R TR
SBF £ OLII2027%  1.99+0.04°  9.84:0.08° A E LR 422k R Bk,  FLmm e w2 T/
IMF  88.6720.71°  2.83+0.12°  11.75+0.61° SR THI R H S T S R DR R, T R
8M E 83.90+0.415  1.24+0.10° 10.8120.27 AR, T ot i R R, ORI ) T PR At 2
8M 86304022  0.73:0.05"  843+0.11° W ) ot R ) 2 A 2P0,
ITF 92.91+0.07*  1.91£0.02°  10.00+0.00° N N
2T F 91.2244.80"  1.3740.14%  10.91+0.20° 24 R RSN AR B M ORI
D4 87.5340.12°  0.68+0.03"  7.97+0.25 R A2 S B T H e B 1 o ) B B A, U
DFIXF1 £ 89.37+021%  023£0.05  5.80+0.20¢ (EURG FE L & 7K R RE 1 B30 R IR IR R s 320k
DFIXF1 F  88.48+041%° 027+0.02"  6.20+0.14 B R VAR AR R I ZEME, I vEf B )
DF2XF2 b 87.59+0.34T  0.46£0.03¢  7.24+0.20" PFaEtE, TN, RoRiEEiaeE, mAE
DF2XF2 T 9224+0.62°  1.94£0.08°  9.38+0.12¢ AN 25, SR S e B 45 i
LEEs  89.49+0.28™  0.35+£0.04"  7.53+0.09% IFERE RN, ARG, FRETER RIS, T
HEEH 91524043 0.11£0.03  6.86+0.11° AL R SR,
A7 E% 3.08 72.87 20.77
3 TEMH I/ N E A HEE
Table 3 Gluten profile characteristics of different wheat middlings
b & #/(g/100 g) RE /(2100 g) o A4 & A% 7K 5 (g/100 g)
4BF F 9.95+0.21° 31.15£0.21% 27.50+3.54" 21.2020.00°
5BF Lt 11.95£0.21% 36.35+0.64% 57.50+0.71% 24.40+0.42°
M T 11.40+0.00¢ 40.20+0.00% 47.50+0.71¢ 28.80+0.00°
8M E 9.25+0.64 28.55+0.21" 37.00+2.83¢ 19.30+0.99'
8M T 12.95+0.21% 40.55+0.78" 61.00+4.24% 27.65+0.64°
ITF 9.40+0.42° 31.10+0.71"F 39.00+1.41° 21.7040.28%"
2T F 12.85+0.63" 30.80-+0.85%" 38.50+0.71° 17.95+1.482
D4 14.30£0.14° 43.30+1.40° 58.00+1.41% 29.00+1.55%
DFIXF1 Lk 13.90+0.14® 43.01%1.13% 59.00+2.83"™ 29.15+1.20°
DFIXF1 T 14.65+0.35" 44,5542 33" 65.00+2.82° 29.90+1.98°
DF2XF2 £ 11.10£0.14% 34354021 42.00+2.83% 23.30+0.14°%
DF2XF2 T 12.90+0.14% 40.00£0.42% 53.50+3.54° 27.10£0.28°
L3 E A 10.850.07% 33.90+0.42°% 65.50£0.71° 23.000.42°%
Hhl EAy 14.00+1.84 38.10+4.38¢ 57.5043.54" 24.10+2.55%
RRZH% 15.18 23.42 15.82
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F 4 TEMES/NZRMEI RVA 45EE
Table 4 RVA profile characteristics of different wheat middlings

i AR E /P AR E /P FBAL/CP TRLAEE /P B AP AR R/min BMGIRE/C
4BF T 883.00+9.00"  342.33+6.66° 511.33+11.50" 1025.00+10.828  689.33+11.50°  5.65+0.04*  89.62+0.85%
5BF L 870.33+2540"  284.33+6.51'  468.00£10.54'  996.33+13.05"  651.33+14.29%  5.58+0.08%¢  87.78+0.46°
™M T 511.00414.00  14833+6.51%  362.6748.50°  376.00£10.58  238.33+11.59'  5.10£0.032  88.82+0.80%
8M 210.00£7.00%  104.33+5.03'  105.33+4.04*  278.67+3.06'  174.67+2.08*  5.16:0.042  94.42+0.03"
SM T 871.67£11.68"  332.67+2.08"  543.33+6.115  1022.67+2.52¢  689.67+1.15°  5.54+0.01¢  88.85+0.00%
ITTF 992.6747.02"  336.33+4.04%"  652.33£7.09°  923.33+5.03'  579.6748.50"  5.44+0.04°  87.55+0.40°%
2T F 555.67+12.86'  184.6743.50  371.00£9.54%  535.67£7.09'  349.00+7.00' 5.35£0.04"  85.15+1.208
D4 1021.00£13.11°  398.00+7.21°  620.33+18.04°  1194.67+6.66°  790.33+7.37°  5.65+0.04™  90.43+0.03™
DFIXF1 £ 1223.00+£12.12°  501.67+0.58° 722.67+15.57°  1448.67+2.08°  947.33+2.08°  5.84+£0.04°  86.37+0.03"
DFIXFI T 1173.33£10.50° 489.33+321°  730.67+12.50° 1419.33+15.50°  975.00£8.89"  5.84+0.04°  87.78+0.46°
DF2XF2 £ 981.67+6.817  37033+6.66"  554.00+£529%  1325.67£12.58° 852.33+11.06°  5.82£0.08°  89.95+0.95%
DF2XF2 T 954.00+9.85¢  371.00+4.00°  582.33£9.29"  1151.00+27.06° 723.00£11.36°  5.63£0.04°  91.53+1.63
Ei@me  1087.33+14.01¢  412.00+£5.57°  677.33:9.87° 1110331115 650.00£7.558  5.59+0.06%  7231x021"
AEEl@e  1335.67£16.07°  632.67+4.93"  779.00+12.12°  1449.00+26.06°  784.00+6.56°  5.72+0.01°  87.55+0.40°
THEZE% 32.55 39.55 32.02 36.49 36.61 4.14 7.58
%5 HHHES TRkE
Table 5 Eigenvalues and contribution rates
N A AEAL RICF T A BN
At £ % Rit/% 4t F £/% Rit/%
1 5.134 39.493 39.493 5.134 39.493 39.493
2 2.817 21.666 61.159 2.817 21.666 61.159
3 1.581 12.158 73317 1.581 12.158 73317
4 1.413 10.866 84.182 1.413 10.866 84.182
5 0.88 6.772 90.954
6 0.428 3.29 94.244
7 0.347 2.668 96.911
8 0.173 1331 98.242
9 0.143 1.103 99.345
10 0.06 0.463 99.809
11 0.017 0.13 99.939
12 0.008 0.061 99.999
13 7.17E-05 0.001 100

12 DANFEPR N ZE UK A 2 AN [FIE N2 )
WA PR EE 20 BT (RVA) $FAEEZRR, 40
R A PR, ANFRE U I (MDA 28 57 2R3

Yo, WEARERIIRIRTI N R, S
TR SZRATE . RERRAN EE (ORI,

2.5

BN (4.14%F0 7.58%), REIIACUERITLME 2 FE A
M VEERNEE . BRMRRGRE. TEME. BRsEEA A
HAS 5 R B0 HIN 32.55% 39.55%- 32.02%- 36.49%
H136.61%, & BHANFIRY I OR R A BRI K R
TERPR IR I A B ZE SRR . R I TR R ()0
EDRGRE . SRR AN DR, B T
(p<0.05), X[fe5 U it m e & Eh
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AN ERAFAEERT 1, 2518 M =5.134, 22=
2.817. A3=1.581. M=1413, Hul 4 MEFHIT%E
TTRRRIE S 84.182%, KL RIEHUAT 4 AR FR#HAT
Ja B3 AT RSN UK R et SRR I AT VEA

< 6 4 NERSTRIETAER

Table 6 The loading matrix of four principal components

RO PC, PC, PC; PC,
Ko 0.855 -0.077 0.236 -0.305
oy -0.659 0.309 0.597 0.136
L) 0.221 0502  -0.483 0.532
EAR 0.001 0.752 0.318 0.274

JiEYi -0.065 0.682 -0.353 0.08
ARy 0.854 0.284 0.16 0.048
2% 31 0.514 0.157 0.212 0.768
aJE 0.41 -0.68 0.38 -0.346
Ay 0.652 0.353 -0.557  -0.191
T @ # 0.675 0.4 -0.25 -0.173
MABRL 0.96 -0.039 0.114 0.046
{8 B 4] 0.819 0.339 0.326 -0.079
AR -0.53 0.68 -0.054  -0.388
HEAEAR 5.134 2.817 1.581 1.413
TrakE 39493 21.666  12.158  10.866

RitTakE 39493 61159 73317 84182
R FEMMENERMOERDGERTD

Table 7 Comprehensive principal component value of different

wheat middlings

bt
He2
4BFF  -106 -127 086 -1.63 -077 11
SBFE  -053 099 080 -08 001 9
IMTF 267 -196 -305 -137 -200 14
SME 569 156 031 219 -1.63 13
8M T 069 157 -211 052 041 7
ITF 059 -3.64 089 100 -034 10
2TF  -189 -038 138 -139 -081 12
D4 145 123 -040 008 080 4
DFIXFI £ 207 139 031 -1.02 1.05
DFIXFI F 241 160 -068 -001 122 1
DF2XF2 £ -0.14 161 132 -0.16 044 6
DF2XF2 F 133 -033 037 -011 049 5
L@@me 081 -082 015 114 028 8
WHEEH 262 156 -015 164 086 3
WK 6 Fiw, ERS AR 4 A 3o fEAn
MR, HAAXHEROC, X% R s
I, FERT 1 DASERS BEANRA R s e 32, 7K

#d Z, Z, Zs Zs F

G RGBT B (OS2 Aokt 32 Ad0 2 DABR F1 5 IR
N, REWT. EEE. MG RN R 3
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