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Multivariate statistical analysis on content differences of free sugars and
free amino acids in fresh-edible corns

NIU Li-ying', LI Da-jing', LIU Chun-quan', SONG Jiang-feng', LIU Chun-ju’, CHEN Yan-ping’,
YUAN Jian-hua®

(L.Institute of Farm Product Processing, Jiangsu Academy of Agricultural Sciences, Nanjing 210014, China; 2.Institute of Food Crops, Jiangsu Academy
of Agricultural Sciences, Nanjing 210014, China)

Abstract: The content difference of the important taste-related components such as free sugars and free amino acids in
sweet corns and waxy corns was investigated, using conventional corn Suyu 29 with three grades of maturity(C1, C2, C3) as

control. The contents of three kinds of free sugars and 18 kinds of free amino acids in sweet corn Jingtian-5 (S1, S2, S3) and

— waxy corn Jingtianzihuanuo-2 (W1, W2, W3) harvested at
i H#8.2019-09-11

EEWA A RVEHE A EQHEETH[ CX(19)3056] ; 7175

three developing stages were quantified based on high-

& SIF I (BE2019324) performance liquid chromatography ( HPLC). The results
VEE A AT (1977-) 4 b2 E O W1 BIF5E 5, 5807 showed that the fructose, glucose and sucrose were the ma-
R RN T 524 FIH, (E-mail) liying. niu@ hotmail. jor sugars in corn samples, and the amino acids grouped as
com sweet or umami taste-related composed the highest propor-

B IES RILEE, (E-mail) songjiangfeng1 02@ 163.com tion of amino acid content. There were significant differ-
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ences of the free sugars and free amino acids contents among the corn samples with different cultivars and different developing

stages. Multiple correlation analysis indicated that most of the parameters correlated positively. In the principal component a-

nalysis (PCA), three principal components (PCs) were extracted and explained 49.6% , 15.2% and 12.1% of the total vari-

ance, respectively. The figure of principal components score indicated that the scores of three corn varieties in PC1 showed the
differences of developing stages, while S1, S2, S3 and W1, W2, W3 could be divided into two groups by PC3. The results of
cluster analysis (CA) showed that C1 was close to sweet corn while C2 and C3 were similar with waxy corn. Partial least

squares discriminant analysis (PLS-DA) could be used to identify samples such as S1, S2, S3 and W1, W2, W3. The two

most important components in fresh-edible corn discrimination were sucrose and aspartic acid ( Asp) according to the variable

importance in the projection (VIP) , which indicated that amino acid also played an important role in identifying fresh-edible

corn types. In conclusion, multivariable statistical method performs relatively more visible and valid results on taste-related

components difference of fresh-edible corns, which provides the direction for further research on flavor characteristics of fresh-

edible corns.
Key words:
nalysis( PLS-DA)
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Table 1 Moisture content and starch constitute of fresh-edible corn samples

o e Ky i HHEER A SCHEVER T SUER
(%) (%) (%) (%)

it 5 5 S1 75.80+0.75a 0.50+0.03e 7.63+0.30e 8.14+0.41f
S2 73.79+0.83a 0.82+0.08d 9.68+0.21d 10.50£1.55¢

S3 56.71+0.56d 0.76+0.30d 11.01£3.44cd 11.78+2.55de
RUETLEERE 2 5 Wi 66.75+0.42b n.d. 15.46+1.28¢ 15.46+1.28d
w2 61.64+1.01c n.d. 20.33+0.77b 20.33+0.77¢
W3 47.2120.78e n.d. 31.24+10.59a 31.24+7.49b
HE 29 C1 60.52+0.34c 2.97+0.57¢ 20.45+5.08b 23.42+2.94¢
2 49.83+0.65¢ 6.44+0.66b 28.92+5.08ab 35.35+3.13b
C3 43.42+0.98f 8.73+0.09a 39.82+3.00a 48.55£2.19a

S1.S2.S3 Zr9IFers flit 5 5 R it 225 19 d.25 d .34 d; W1 W2 W3 43R nt B2 ks 2 SRyt 22)5 21 d .24 d.27 d;C1.C2,
C3 7l 5 K 29 KA it 22)5 24 d 32 d.37 d, RFVEHRGRA AR/NG FREH FR2ZE R B3 (P<0.05) jn.d. Fm KK H

22 HEESENLER
HIE 1A TTAE Y, 85 5 S1.82.83 gL

TN A, R A E2~6 15, 5F
K TR —2 " (HE R Rk S R oK
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Fig.1 Comparison of free sugar content and total sugar content in three corn cultivars at different maturity stages
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B3 (P<0.01),Ala 5% Glu Ser Gln Gly  Thr &
FAHK (P<0.05), GABA 5 Ser fHH &1 # i 2%
(P<0.01) ,35 Gln Gly  Arg & &M% (P<0.05),

0.05).
TFRKERL AR SRRSO FOE AR
FEVENT A TIP3 2 FROME 2 8] R

FARSCIE AT RE SR T AEA R TR —HTH KR E R/
—HPE . Ala SETAT FORAE i b5 iR s B TR &
LML, HS o 5 R A LA 3 b B IR & LR (Ser,
Gly Thr) Jz EE R SFIREEER Clu BRI 2R

Tyr 550 M Gly  Ala i A& (P<0.05),
Val 5 Gly Thr Ala Tyr {23 #5¢ (P<0.05) , Met 55
Glu. Ser, Gln, Gly, Thr, Ala, GABA 8 2 i ¢ (P<
0.05) ,Phe 5 His Gly Tyr i (P<0.05) , Leu

5 Ser Gly . Thr Ala,GABA Tyr Val Met BAH  AHSCHE, i BEUL WIS £ K FPafftbk Spnk 2 Fl XUk st
KR (P<0.05) ,Lys 5 Asp BUMIRIER 3 (P< EHARZEHME

R2 3N ERBMEFFRRBBHHESERSE

Table 2 Free amino acid contents in three corn cultivars at different maturity stages

o IS A AR Y i (mg/g)
BHER

Sl S2 S3 Wi w2 W3 Ccl c2 C3
Asp 2.22+0.40ab 2.18+0.36ab 1.67£0.18b  3.1220.75a 2.69£0.83ab 2.21x0.24ab 2.08+0.51ab 1.50+0.34b  1.67x0.03b
Glu 3.30£0.10a  2.2620.18b  2.24x0.09b  2.1720.12bc 2.17£0.63bc 2.73%0.20ab 2.35+0.22b  1.45:0.27cd  1.02£0.20d
Asn 0.09£0.01a  0.04x0b 0.0320b 0.0320b 0.02+0b 0.03%0b 0.03=0b 0.04=0b 0.08+0.04a
Ser 1.74+0.05a  1.130bc 0.92+0.12d  1.25%0.07b  1.24£0.02b  0.9320.02d  1.1020.06bed 0.95£0.02cd  0.630.11e
Gln 0.24+0.07a  0.10£0.01b  0.0620.02b  0.09+0.03b 0.1320.04b  0.1120.01b  0.09£0.03b  0.06x0b 0.06+0b
His 0.37£0.04ab  0.36+0ab 0.32+0.02b  0.42+0.07ab 0.36+0.03ab 0.37+0.06ab 0.35+0ab 0.46+0.03a  0.36+0.04ab
Gly 0.62+0.02a  0.59+0.10a  0.26£0.08¢  0.35+0.03bc 0.3620.06bc 0.28+0.06c  0.30=0bc 0.48+0.11ab  0.23+0.01c
Thr 0.94+0.04a  0.79+0.12ab  0.50£0.12cd 0.7320.02b  0.77£0.02ab 0.73£0.09b  0.62£0.01bed 0.70£0.08bc  0.4620.03d
Arg 0.43£0.09ab 0.29+£0.01c  0.24+0.05¢  0.53+0.02a  0.3320.01bc  0.28+0.03¢  0.30+0bc 0.21£0.02¢  0.26+0.09¢
Ala 10.07£0.36a  5.84%0.53b  2.69+1.21cd 2.49+0.59cd 2.75£0.49cd 3.20£0.8lcd 3.62+0.23¢  3.9920.77bc  1.65+0.52d
GABA 0.17+£0.02a  0.13+0.05abc 0.07£0.02¢  0.1320.01abc 0.15£0.04ab  0.10£0.01abc 0.11£0.01abe 0.12+0.02abc  0.09=0be
Tyr 0.58+0.01ab 0.68+0.14a  0.3820.05d  0.4220d 0.41x0cd  0.38+0.01d  0.4220.03bed 0.56:0.08abc  0.40+0cd
Val 1.10£0.07a  1.10£0.20a  0.54£0.08b  0.800.11ab 0.61£0.26b 0.68+0.04b 0.72+0.12ab  0.85+0.12ab  0.47+0.05b
Met 0.39+0.05a  0.32+0.02bc  0.2420.02de  0.270.04cde 0.34£0.03ab  0.29£0bed  0.26£0.01cde 0.25+0.0lcde 0.21x0.01e
Phe 0.40£0.09abe 0.57+0.10ab  0.3120.08¢  0.50x0abc  0.40£0.02abc 0.31£0.04c  0.38£0.02bc  0.60+0.12a  0.32x0.05¢
Tle 0.28+0.06b  0.35£0.07ab  0.26+0b 0.2420.01b  0.46+£0.02a  0.48+0.08a  0.330b 0.27£0.01b  0.31£0.06b
Leu 0.44+0.07a  0.42+0.03ab  0.3020.06bc  0.37£0.04abc 0.41£0.06ab  0.30£0.06be  0.37£0.01abe 0.37+0.01abe 0.26+0.02¢
Lys 0.49+0.05ab  0.62+0.02a  0.4120.08b  0.52+0.03ab 0.5120.01ab 0.53%0.04ab 0.40£0.05b  0.29%0.20b  0.3120.09b
SERAIERR  5.5120.30a  4.4420.18ab  3.90£0.27ab 5.29+0.64a 4.86+1.46a 4.94+0.04a 4.43+0.73ab 2.96+0.61b  2.69+0.23b
FHURE MR 13.37£0.37a  8.36+0.75b  4.38+1.53cd 4.82+0.53cd 5.1220.50cd 5.15£0.98cd 5.64£0.16c  6.12£0.94bc  2.97+0.67d
WRE IR 1.49£0.14ab 1.70£0.06a  1.19+0.17b  1.53£0.12ab 1.64£0.03a  1.46+0.23ab 1.4320.03ab 1.70£0.10a  1.25+0.05b
JEN s 23.86+0.16a 18.18+1.77b 11.43+1.57cd 14.42+0.17¢ 14.12+0.69¢ 13.95+1.29¢ 13.83+0.86c 13.60+0.89c  8.79+0.96d
S1,S2.S3 W1, W2, W3 .C1.C2.C3 WL 1 ¥, Asp: KAEIR ; Glu: A5 Z L ; Asn . KEACHENE ; Ser: éﬁ;\m Gln; 5 & WEME ; His . AR ; Gly . H &L
Thr: /7282 ; Arg: *‘éﬁm Ala: 2R ; Tyr: B 2R ; Val 4122 ; Met . FUBR 2R ; Phe : ARV &R ; e . 550 2R ; Leu . S 20 ; Lys . i %% ; GABA . y-

FOL TR, BEREILIR N Asp Glu, BiRZIERR 9 Ser Gly Thr  Ala ﬁﬂﬂ%f«ﬁ@@aﬁ His ,Phe . Ile Leuo IRl — 17 B R bR R /NG 5 B 25
25 B3 (P<0.05),

AMFFEIER T 3 A ERG, FAST 1(PCL) $EHL
T AR S Y 49. 6%, 4y 2 (PC2) A1 A4 3
(PC3) 43 HIHREL T RS SR 15. 2% 1 12. 1%, 3

HIH T AHEFEINAE R 21 MEFRTE 3 AR ER#
far , He g 16 MMERRFE RS | B ER T , f0dh
3 P & Glu Ala 386 2% B BR A4y, FF H 24k iy 24
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Fig.2 Cluster and correlation analysis of free sugars and free amino acids contents
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Table 3 Loading of principal component
5% i =

F1 FHSr2 EWS3
1 F 0.681 0.255 0.291
2 G 0.536 0.331 0.264
3 S 0.625 -0.033 -0.621
4 Asp 0.439 -0.467 0.701
5 Glu 0.705 -0.533 -0.147
6 Asn 0.281 0.200 -0.556
7 Ser 0.937 -0.176 0.037
8 Gln 0.841 -0.347 -0.226
9 His 0.154 0.668 0.540
10 Gly 0.878 0.344 -0.201
11 Thr 0.935 -0.108 0.116
12 Arg 0.575 -0.231 0.472
13 Ala 0.873 0.082 -0.452
14 GABA 0.856 -0.030 0.251
15 Tyr 0.685 0.518 -0.261
16 Val 0.893 0.298 -0.091
17 Met 0.888 -0.370 -0.105
18 Phe 0.449 0.705 0.355
19 Ile -0.048 -0.638 0.111
20 Leu 0.912 0.111 0.162
21 Lys 0.577 -0.533 0.175
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Fig.3 Score plot of principal components
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Fig.4 Dendrogram of cluster analysis
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Table 4 List of variable important factors for PLS-DA

P ¥ vIP (&
1 S 1.899
2 Asp 1.517
3 His 1.293
4 Ala 1.235
5 Tyr 1.220
6 Gly 1.127
7 Tle 1.084
8 Asn 1.067
9 Val 0.982

10 Arg 0.819
11 Glu 0.797
12 Gln 0.784
13 Thr 0.782
14 GABA 0.774
15 Met 0.750
16 Ser 0.718
17 Leu 0.665
18 G 0.635
19 F 0.626
20 Phe 0.468
21 Lys 0.439
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