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Multivariate statistical analysis and comprehensive evaluation of taste and
nutritional quality of Songjiang rice

HU Gui-Xia, CAO Mei-Ping", XU Miao, ZHANG Yan-Feng, LI Meng-Bei,
ZHANG Xin-Yi, ZHU Qing, SHI Chun-Hong

(Shanghai Songjiang Institute for Food and Drug Control, Shanghai 201600, China)

ABSTRACT: Objective To evaluate the taste and nutritional quality of Songjiang rice by multivariate statistical
methods. Methods This study focused on 2 varieties of Songjiang rice and 3 kinds of other types of rice from
distinct geographical origins. Quality indicators including moisture, protein, fat, amylose content, gel consistency,
calcium, iron, zinc and selenium were analyzed. Coefficient of variation analysis, correlation analysis, principal
component analysis and cluster analysis were employed for a comprehensive evaluation of the rice’s taste and

nutritional quality. Results The coefficients of variation for quality indicators of the rice ranged from 5.24% to
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49.90%. Among these indices, selenium content displayed the greatest variability, while moisture content exhibited
the least. Correlation analysis revealed that amylose content showed a significantly, moderately strong negative
correlation with gel consistency. Meanwhile, calcium and iron were significantly and moderately strong positive
correlated, as were zinc and protein (P<0.05, correlation coefficient |[r|>0.5), indicating information overlap among
the quality indicators. Principal component analysis reduced 9 indicators into 3 independent principal components,
which together accounted for 71.04% of the cumulative variance. The comprehensive scores for taste and nutritional
quality were ranked in descending order as follows: Songxiangjing 1013, Chongming rice, Songxiangjing 1018,
Sheyang rice and Wuchang rice. Among these, the Songxiangjing 1013 rice showed outstanding overall quality
performance. Conclusion The study effectively demonstrates the variations in taste and nutritional quality of rice
from different producing regions and different varieties. It establishes a data foundation for the quality evaluation of
Songjiang rice and provides theoretical references for rice variety selection, promotion and regional cultivation
planning.
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Table 1 Information of rice samples

o T
1 FATLICH-MHE FATRRE 1013 20 7~26
2 PALIXWIHESE  FATHE 1013 20 27~46
3 MMEX/DRINEL  HAFFRE 1013 2 5~6
4 FATLRCORTSRS AT RE 1013 4 1~4
5 MMLXA#IGE AT 1013 3 47~49
6 FATLIXH$HET #AFFRE 1018 10 52~61
7 FATLIXHIAEET  AAFFRE 1018 28 62~89
8 PMTIXHTECE FATFEE 1018 2 50~51
9  MMLXAMIGIE AR 1018 10 90~99
10 BMIgTAKRN IEIKK 5 100~104
11 LA byl SRR 5 105~109
12 SHIX SOk 3 110~112

AUMEEIRAR: 30~60 °C) . HEE, VKR . L. BLfLe
S, AR AAALE . B AR . BOR H R A
BELOBRIRME . BRERER . BRAR. WIIER . HRLT . IR ELR(S
Bra, 25k 22 m A R A A, o A Ak A (ppb %,
30%~32%, ik S s BHE A PR ;i R (R
TG, M A IO AT B wl); R IR I S s o T T
(1.0 mol/L, T IHEMXAFoEBe); BAETEN St IR
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A THE)(1.5%, 10.4%. 16.2%. 26.5%, FFEKFEHIST
), A5, A, BE L PAREA (IR E 1000 pg/mL, EZEK
B OEJE K F ARSI L), BT PRI IR (T =
WeEE 100 pg/mL, 3 EZHEREHEARAF).

1.2 UE5E%

DHG-9245A 3G T 1A ( B —fERL {28 A BR
ovdl); K360 2 B 3L IR E A A (- BUCHI /A ),
SOXTEC 2050 &[Gz 2L (Bt FOSS 43 #rilas 2 wl);
UV-2600 745404356 B AL 8% HEA ML 45 21 (b DA PR A
HlY; FERI(100 H, LBEEBENIRLIT ), ZNIR-B LHKH
Pt (AR AT FRAFD); Agilent8800 7 Hi, JBHH
BB IR CLFER R PR FD); MS1003TS HLF
KK 0.1 mg, MREE-FER 2RI ABRAF];
Mili-Q Y 4lisK HL(3E % #HE A /]
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CREHRT I ROR B HA B 1 I 2 o
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EAFMES I GB 5009.5—2016( (it L4 F5bRE £
s AR ETIINE ) 3 BRE S GB 5009.6—2016
(ERZEEFAE SRTIRIIIE ) 53— EHxk
(F5. BE, W, oS EESE GB 5009.268—2016 (&4
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1.4 HIBAIE

SEHGEEROR FH Excel 2010 2% $icdig i T8 2, v
SPSS Statistics 20.0 Z»HTSZBGHE, R K 225
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7.89%~20.67%, & W B FE  55.00~126.00 mm, %5 7E
4.13~12.12 mg/kg, # 7 0.78~4.77 mgkg, H 1
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Table 2 Determination results of rice quality indicators from different varieties and origins

ai BT AR T ¥E bRk 5 BB %
K% 12.30~17.10 14.32 0.75 5.24
/% 4.81~9.04 6.63 0.74 11.16
NE Wi /% 0.12~0.86 0.42 0.18 42.86
HEEVEN /% 7.89~20.67 11.27 2.40 21.30
JEE A /mm 55.00~126.00 105.54 15.06 14.27
5/(mg/kg) 4.13~12.12 7.19 1.40 19.47
#k/(mg/kg) 0.78~4.77 1.84 0.57 30.98
#£/(mg/kg) 8.09~28.82 16.04 5.31 33.10
fili/(ug/kg) 1.51~48.50 14.81 7.39 49.90
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Table 3 Average values of rice quality indicators from different varieties and origins

77 K4r HHR Jg 1y T HEGEN JE A g 5 7S B il

T 1% /% 1% 1% /mm /(mg/kg) /(mg/kg) /(mg/kg) /(ng/kg)
1 14.55 7.14 0.37 10.12 107.55 7.09 1.84 20.72 14.54
2 14.33 7.14 0.34 9.90 110.90 8.03 1.90 21.80 16.24
3 14.60 7.08 0.22 10.57 104.00 6.69 1.64 20.29 10.68
4 14.13 6.67 0.37 10.10 110.25 7.44 1.80 23.25 12.53
5 14.47 6.48 0.27 9.95 114.00 7.35 1.82 19.95 11.54
6 14.41 6.25 0.58 10.92 113.50 7.68 1.95 12.82 14.86
7 14.47 6.13 0.57 11.32 110.04 6.37 1.85 12.35 12.84
8 14.75 5.78 0.52 12.59 107.00 6.20 1.54 11.71 12.26
9 14.59 5.92 0.44 12.88 109.00 7.23 1.64 10.24 11.15
10 13.68 7.61 0.13 13.58 65.20 7.13 1.53 12.00 24.66
11 12.82 6.48 0.25 19.05 66.30 7.58 2.26 10.82 19.62
12 13.47 7.15 0.34 9.24 94.17 8.28 1.97 12.86 23.82
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Table 4 Correlation analysis of various indicator
it TR B K4y B R Rg 1y EHEER J A 45 S B it
K4y 1.000
HARB —0.242% 1.000
g Wi ~0.092 —0.265%* 1.000
BHEVEH —0.305%* -0.155 -0.109 1.000
JE A 0.362%* -0.178 0.399%* —0.596** 1.000
i —0.449%* 0.345%* 0.118 —0.109 0.034 1.000
S —0.306%* 0.207% 0.266%* -0.008 -0.058 0.604%* 1.000
B -0.055 0.564%* -0.166 —0.499%* 0.251%* 0.472%%* 0.251%* 1.000
i —0.332%* 0.293%* —0.039 0.029 —0.233* 0.448%* 0.199% 0.210% 1.000
FE:*RE 0.05 AT RN [ AR SE; #+A7E 0.01 ACF- (B 1+ BB
FORHDG, 45 58k e P AR 2 TEAH DG . ORI AL e RS ERDBEIER
FRAEIE—SE BRI RORMIOC TR, H6 b7 o5 2 1) AR B s 7 Table3 Principal component loading matrix
R AL LR i TR bR BB OR B ity ekl s P2 Pe3
OSN[RS PR A TE G A LB, [RIAT 2 B i % 0857 0171 0131
ER AR O AHEARHEAT FTAL LIRS St TP 2% % 0773 0.074 0139
N _ K4y -0.674 0.427 -0.039
2.3 A EMPARE A K RIERI ER S 57 i - 0557 o146 0303
231 EREAAT TR 0.023 ~0.875 ~0.131
XAy AR, BRI . EAETER . R . £5. . R 0.104 0.836 0345
il 2 9 A TS AR A TARHE AL AL B, DAV BRAS [R] B4 A e 0373 0.599 0.573
AR S, MRS, WE 1 R DURFIE WG 17 0.326 0.251 0792
ERT 1 AT RO, L1588 3 A8, FHE ELR 0381 o127 0730

{53 31K 2.734.2.131,1.529, J5 22 5k R4 54 30.372% .
23.675%. 16.993%, RilHZETTHAER 71.04%, AeEEFR R
AR EEAE B B TR EUAY 32 o i R K 25 1k
FTEsE A PR (R 5), FAr(E AR/ e T IR AR e ] 7 |
MRS, A XHE R K/INJE A TR0y, 4o e
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Fig.1 Principal component analysis: Eigenvalues of principal

component, variance contribution rates and cumulative
variance contribution rates
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Fig.2 Comprehensive scores for rice quality evaluation
R 6 TRIFHAESMARERNE 3 NERDPEIE
Table 6 Mean scores of the 3 principal components for rice
samples from different origins and varieties

7 i PCI ¥{E PC2 & PC3 ¥l
1 -0.078 0.558 0.706
2 0.294 0.689 0.799
3 —0.611 0.294 1.125
4 0.073 0.642 0.524
5 —0.292 0.624 0.470
6 0.238 0.223 —0.956
7 -0.231 0.001 —0.986
8 —0.678 -0.325 —0.941
9 —0.429 —0.413 —0.855
10 0.899 -3.178 0.220
11 0.070 —2.066 1.783
12 0.798 —0.407 0.580
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Fig.3 Dendrogram from cluster analysis of rice samples from
different varieties and origins
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