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Principal Components Analysis and Comprehensive Evaluation of Free Amino Acids in

Ripe Fruits of Different Mulberry Varieties
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(1. School of Food and Biological Engineering, Jiangsu University, Zhenjiang 212013, China;
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Abstract: This study aimed to analyze the differences in comprehensive quality of free amino acids in ripe fruits among
different varieties of mulberry in Jiangsu province. An automatic amino acid analyzer was used to determine the types and
contents of free amino acids in ripe fruits of 10 mulberry varieties. Then their free amino acid profiles were analyzed and
synthetically evaluated by principal component analysis (PCA). The results indicated that all 10 mulberry varieties contained
17 kinds of free amino acids. The Taiwan No. 1 variety had the highest total content of free amino acids (270.073 mg/100 g)
and Sheyang No. 3 contained the least amount of free amino acids (38.718 mg/100 g). The PCA analysis showed that
the contribution percentages of the first, second and third principal components were 50.845%, 27.912%, and 10.078%,
respectively, and their cumulative percentage contribution was 88.835%. Therefore, these three components could represent
the main trends of free amino acids in mulberries. The comprehensive evaluation scores of 10 mulberry varieties decreased
in the following order: Taiwan No. 1 > Zhenshen No. 1 > Dashi > Fengguosang > Xuan No. 100 > Xuan No. 20 > Yu No.
721 > Zhongshen No. 1 > Zhen No. 9106 > Sheyang No. 3.
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ten varieties BRI RS BA3YS, &8 825.970 mg/100 g. FEAIH
GE R URERDEEe || %% BH TERERBAR9 17 FhE i d, AR (Glu) 7210 MASE RS2
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A ] 11.00£0.02° 7 HT 9.994:0.03° e gk
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Fig.1  Chromatographic separation of mixed free amino acid

standards (A) and free amino acids in Taiwan No. 1 (B)
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Table2 Contents of free amino acids in ripe fruits of ten varieties of mulberry
mg/100 g
R B -5 fil—5 SPH3 S Kt #2055 #1005 H721 Fit 5 #9106 FARFE
Asp i} 0390+0.002°  0.607£0.003°  4.169£0.003 0457£0.002° 0.404+£0.004° 0.878+0.002° 0.450£0.0025 0277+0.004" 121740004  0.86420.005
Thr f 126540004 377420003  2.148+0.001°  0.283+0.003°  0318£0.003  1.121+0.002°  0.220+0.003*  0.130£0.003"  0.793+0.003"  0.621%0.002
Ser o 48584£0003" 23.030£0.002° 2303£0.002° 3.998+£0.002° 1.83740.002° 2.065+0.005 3.178+0.002° 1359£0.002" 4.2354+0.003  2.516+0.002
Glu B 14.59740.002° 158.739+0.004" 15.8740.002° 11.300£0.002° 4.225+0.001° 8989+0.002° 7.030£0.002° 3.2324£0.003" 11.94240.003"  4.13740.002
Gly SH O 0983+0.002  1.598+0.003°  1.681+0.003  1.387+0.003°  0.634+0.003 092240003  1.363+0.005° 0.978+0.003" 0.759£0.003"  0.586+0.004'
Ala SH 467330002° 21452+0.003°  2.145£0.003  2.17240.003° 225440004 2.181+0.002°  1312+0.002°  1.807+0.002"  2.960+0.002'  5.801+0.004
Cys % 0.897+0.002"  1.341£0.003°  0.134£0.001°  0.564£0.002° 0.551£0.002° 0.393£0.002° 0.346+£0.003* 0398+0.001" 053240002  0.476%0.003
Val b 1.89240.002°  4966+0.002° 04974+0.003° 1.81940.002° 1.2904+0.003° 1.55440.001' 095240003 0.944+0.002" 0.846+£0.002'  1.575+0.005'
Met W 332020004 547410.004° 054740002 3426£0.002°  1.006+0.003° 103510001  2.819+£0.002° 1.196+0.002"  0.608£0.003  1.53740.005
Tle W 142740.002°  1.690£0.002°  0.169+0.003  1.576£0.002°  1.515+0.002° 21260003  0.861+£0.003  1.649£0.002" 0.599£0.003  3.34630.004
Leu # 3.09740.002°  3.445£0.002°  0.345+£0.002° 3353£0.004°  3.067£0.002° 3.064+0.002° 1405+0.002° 2.082+0.003  1.180£0.002"  2.778£0.003'
Tyr = 870440002 6.375+0.003" 0.637+0.003 14.486+0.003" 1023240003 9.033+0.002° 6.894+0.002° 7.678+0.001" 5.669+0.003"  8.064+0.002
Phe H o 614120003 2.048£0.002° 02050002 316120003 12203£0.002° 13.116+0.002° 1925+£0.001°  9.586+0.003" 13.187+0.003i 12.390£0.001’
His SRH 252140002 412140002 0412400027 2.761+0.002° 153740002 2.340+0.002° 225000025 2.015+0.002"  1.64410.002i  3.45440.002
Lys H 1.801£0.002°  2.6594£0.002° 0.26620.002° 224540003 0.723£0.002° 1.138£0.002° 42530002 2.488+£0.001" 2.135£0.002'  2.99440.002'
Arg B 1195340003 22.46610.002° 2.247+£0.001°  9.9974+0.001°  3.262£0.003  3.7014£0.002° 10.753£0.002° 3.167+0.003"  3.502+0.001'  3.158£0.001
#

=55

252440.002°  6.289+0.002"  4938+0.002°  0455+0.002"  0.616+0.002°
18.94240.007" 24.054£0.003"  4.177+0.001°  15.86420.005 20.123+0.003 23.153£0.006' 12436+0.007 18.075+0.003" 19.347£0.002° 25.24240.015
50.985+0.010° 203.410+0.010° 25.9700.008° 49.812+0.006" 35.757+£0.014° 41.875+0.010" 36.894+0.002° 30.683+0.007" 40.198+0.010' 36.509+0.010'

0.93240.002°  0.33140.003* 0.388+0.002"  1.123£0.002  0.409£0.002

B 71.041+0.013° 270.073+0.017 38.718+0.008° 63.441+0.009° 45.676+0.010° 54.587+0.012" 46.344+0.002° 39.372+0.009" 5293110011 54.707+0.012
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Table3 Flavor amino acid compositions of ripe fruits of

ten mulberry varieties
u S
i T B i 5 7
Wi BB (mg1009) 3671930012 1459720002 039020002 14347£0.002' 498920.002'
-5 A% 51.686 20548 0549 20195 703
& BE (ngl00g)  8743820.005" 158.739£0.004° 0.60710003" 148780006 84110004
-5 A% 32376 58,776 0.225 5509 3114
B OBE (mgl00g) 1634630009 158740002 416920003 14870004 0842£0.004
3% Bt 4218 40999 10767 3842 2174
St BB/ (mg/100g)  26459+0.001' 11.300£0.002° 0.457£0.002° 20.05240.006" 5.17240.004'
FAH% 41,707 17812 0.720 31607 8.153
08 BE (mg/100 ) 23.38420.005° 4.22510.001° 0.404£0.004° 13.305£0.001° 4.357+0.004
F A% 51.196 9.250 0.884 29.130 9,539
H100 B (mg/l00g) 2751620009 8.989+0.002° 0.87820.002° 12.58720.002" 461820002
G F o E% 50407 16,467 1.608 23.059 8.460
. BE/ (mg/100)  25.58520.005° 7.03020.002¢ 0.4500.002° 10.920£0.002° 2.3570.003°
FA % 55.208 15.170 0972 23.564 5.087
il BE (mg/100g)  21.918+0,004" 3.232+0.003" 0.277+0.004 10.920£0.003° 3.026+0.004"
15 FA % 55.668 8.208 0.704 27734 7.686
#9106 BE (mg100g) 3033820009 11942+0.003' 1217+0.004 7.408£0.009" 2.026+0.001"
Ho % 57317 22561 2229 13.99 3827
£0 BE/ (mg100g) 3193120008 4.13720.002 0.864+0.005 13423+0.012' 435320005°
T4 % 58.366 7,563 1.579 24534 7957

2" A1, HWRE KA Thr, Ser. Gly. Ala,
Phe. His. Lys. ArgMIPro, ®EWREIEREEGlu, MWRE
FEFRA Asp, R E LIRS Cys. Met. IlefTyr, BWKRE
HIRA ValfllLeu, HR3FTA, SR ERER GV —
SUEER O AN, HARFHE S LM, Ek A
WRIRZ, RRFRIRZ, BRWRERSS. HA—5. 15205, ik
1005, H721. THELS . #9160 55 2 H IR E LR

T EYHIES50.000%, HURZEERR O H R 7 A S he it
THETRAL, IEREIRD IR, ZEREWR AR O, AT
FLFH T8 BRESBH3 S Ab,  HA Shl it o ) PR ok 2
IR BT 3.000%. BT 2 B0 PEHME, X Rig
I BRE, X amBR A SR ER M, TR B R ARG R
PEF, ORI CUBOR R AR A A m] (124,

23 EHMR

R4 10 AMRRLFRAR P IE SERM R RMEX T
Table4 Correlation analysis of free amino acids in ripe fruits of
ten varieties of mulberry

AR Ap T S O Gy A O Vd M le Lw Ty Pe Hs Ly A Do

Asp 100D

T 0359 1000

Ser 0133 0836 1000

- —0056 0873 0991 1000

ly 047 0568 0465 049 L1000

Al =018 0838 0972 0970 0336 1000

ys —04% 0611 0867 0816 0129 0861 1000

Vl —034 0735 0942 0927 0315 0349 0917 1000

Met 0412 0307 0799 0745 0494 0738 0821 0846 1000

e 05020129 0035 0022 0516 0213 0216 0306 0138 1000

Lew =0706 0077 0357 0320 ~0241 0409 064 0639 0534 0685 100
Tyr —0757 0474 =005 0169 ~0324 ~0.12 0216 0158 0290 0487 0775 1000

e —0349 ~0.41 =039 ~0400 ~0935 ~0.276 ~0.146 ~0261 0562 0479 0214 0252 1000

s 0622 029 0642 0387 -0023 0700 0733 0798 0757 0691 073 0434 —0.004 1000

js 0410190 0214 041 00% 0189 0197 0200 0459 0247 0067 081 —0.153 0382 L0

Ag 0335 0624 0878 0832 0335 0800 0852 0870 0973 0002 0450 0132 —0566 0886 0412 L1000

o 0500 0%1 0740 078 0865 0725 0503 0597 040 ~0314 0082 0570 0578 0100 0276 0557 1000

(==

o

===

=

AR AR SRR B LA 96 S 00, ) FH SPS S B A T AT

KERBIERE, IRAFR . GIERR Y & 2 8 A7 1E EAH
RWAFAE AR, IF H 2 Boa S /L 5 W 1A 5% R 3

4 XHE R T0.5", R IR 5 B2 04 SR AR G
P, AT LLEE PCAR T AT S R AR i B A R 5
LT P

24  PCA
£S5 ERSOAEEMITERE
Table 5 Eigenvalues of the principal components andtheir contribution
and cumulative contribution
ESD %) RIS ST/ BT TTHRE /%

1 8.644 50.845 50.845

2 4.745 27.912 78.757

3 1.713 10.078 88.835

mMESA &, W3 AMERS BRI TTERE N
88.835%, FHA WAL EMIEAELR, KFik, %M
HI3 AR B 2 BT B8 380857 -

F6 RSN RS RAER

Table 6 Principal component eigenvectors and loading matrix

2 - ENEN %) EVER @) 3 M

T FHERE i REmE B RHERE T
X, Asp —0.700 —0.238 —1.927 —0.884 0275  0.210
X, Thr 2284 0777 —1.116 —0.512 0446 0341
X; Ser  2.845 0968  —0.266 —0.122  0.124  0.095
x, Glu 2784 0947 —0412 —0.189 0.195 0.149
X5 Gly 1.382 0.470 —1.467 —0.673 —0.594 —0.454
Xg Ala 2.784 0.947 —0.113 —0.052 0.318 0.243
X5 Cys 2.648 0.901 0.503 0.231 0.196 0.150
Xg Val 2.860 0.973 0.312 0.143 0.201 0.154
Xy Met 2666  0.907 0333 0.153  —0.463 —0.354
Xy Ile 0453 0.154 1.659  0.761 0.411 0.314
x, Leu 1473  0.501 1.602  0.735 0242 0.185
X1 Tyr 0.135 0.046 1.802 0.827 —0.275 —0.210
X3 Phe —1.302 —0.443 1.277 0.586 0.778 0.595

tein
X

Xy His 2.193 0.746 1.268 0.582 —0.039 —0.030
x5 Lys  0.802 0.273 0.852 0.391 —0.834 —0.638
X, Arg 2766 0.941 0.044 0.020 —0.375 —0.287

X7 Pro 1.993 0.678 —1.475 —0.677  0.331 0.253

RS 6RT A, 2513 i oTik e b a2 7GR
f150.845%, T EJzWiSer. Val. Glu. Ala. Arg. Met
MCysHIAZ G F2EM HITTIRE 5 2 R(E B
27.912%, ETRMETyr. leflLeufI48 5715 8 H3EM
Iy DTRR R R AR (5 B 1910.078%, FE K BtPhe. Thr
M A5 B o fr (B 3 B S B % AR 8 5 32 iy 2 TR R AH
KEH, HEROWLUEW, H1FEHMSer. Val. Glu,
Alafm [ IEA DG, S5PhefdHoG, X513 B ook ok 1)
feSer. Val, AT 52£0.968. 0973, X5 1 Epsr
TR /NP A2 Phe, FAfai RN —0.443, MORTKEES 1 RS>
MANDTEIERRI T F21 55 5Tyr. lefLeulFE A
x, HAspEEAAMIE, X2 N ki KR 2 Tyr,
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B Aar B S20.827, K EE2 A B Uk SN A2 Asp, BT B
N—0.884, AT 2 By 4 N SRR R 1 5
3F M4 HPhey ThribAHOG, HLysHiAHoG. X HE33pisy
DTk B K A2 Phe, BT EAZ0.595, X833 K4 DUk i
INEELys, T RN —0.638, WA 3T 4N
ERBRERHI T . X3 AN FERSTTERE TS T LHRR
BRI 1SRRI R T .
25 LAV
HTPCAH RT3 N FE A R T 17 MEREERE R
[1188.835%, I 1A FI3 /N 3 5o BEAT A [F] S L 5 A
(0 B8 AR R VP & AT AT I, ATHF, (R IR
T . F, (AAERET)  Fy CEFAERET)
3IAHHIEE G HRAR R B ARUFE R I 17 DN RAR X S LR
HAT b, 19 B SRME IR BT RT3 A E R I PE G
AN
F,=—0.700x,+2.284x,+2.845x,+2.784x,+ -+ +
2.193x,,+0.802x,5+2.766x,,+1.993x,,
F,=—1.927x,—1.116x,—0.266x,—0.412x,+ -+
1.268x,,+0.852x,,+0.044x,,— 1.475x,,
F,=0.275x,+0.446x,+0.124x,+0.195x,+ -- —
0.039x,,—0.834x,,—0.375x,,+0.331x,,

T 1OARREMRARBHRSBINEGEES
Table 7 Principal component scores and comprehensive scores of
ripe fruits of 10 mulberry varieties

Al F, F, F, F (P o
HE—5 7.880 —0.817 0.573 4319 1
M5 1.067 0.585 —0.089 0.785 2
K+ 0.431 1.408 —1.651 0.502 3
FHFE —0.675 2313 0.929 0.446 4
#1005 —1.166 0.992 1.252 —0.214 5
205 —1.699 1.208 1.155 —0.462 6

fH721 —0.546  —0266 ~ —2.824  —0.716 7
PR1S —1.700 0.734 —0.316 —0.778 8
19106 —1.791 —0.589 0.589 —1.143 9
HFH3E —1.800  —5.569 0.380 —2.737 10

DABEA 2 J 70 BT 0T I B AIEARL R 7 22 D k236 B 4 ST 25
AP RLF=0.572F,+0.314F,+0.113F,, 5 &AL
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