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Principal component analysis and comprehensive evaluation of free amino
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Abstract: To study the composition and content of free amino acids in the water extracts of three varieties from 17 different or-
igins of mulberry leaves in Chongqing, providing theoretical basis for the development and utilization of mulberry leaves in this
region. Leaves of Morus alba L. ,M. cathayana Hemsl. and M. austalis Poi. from different origins were used as raw materials,
the water extract was obtained by simulating mulberry leaf tea brewing method. The content of free amino acids was deter-
mined by HPLC fluorescence method and taste activity value (TAV) of 18 kinds of free amino acids was calculated. Then , the
nutritional components and flavor characteristics of mulberry leaves were comprehensively evaluated by correlation analysis,
principal component analysis, cluster analysis, etc. The results showed that there was no significant difference in the types of
amino acids in mulberry leaves from different varieties and origins, but the content of amino acids were obvious differences.
The highest content of total amino acids, essential amino acids , semi-essential amino acids and non-essential amino acids were

1 927.33 mg/100 g,322.6 mg/100 g,46.17 mg/100 g and 1 558.56 mg/100 g,respectively. Moreover, the taste characteris-
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tics of amino acids from mulberry leaves were as follows : sweet amino acids > umami amino acids > bitter amino acids. The

17 samples were divided into two categories by cluster analysis and the results showed that the samples of M. austalis Poi.

(S15) and M. cathayana Hemsl. (S7) from Anlan Town in Banan District of Chongging have high quality of amino acids. In

summary ,mulberry leaves are rich in amino acids and have high nutritional value,which can be used to develop amino acids

functional foods.

Key words: mulberry leaf;free amino acids ;taste activity value ;principal component analysis ; cluster analysis
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Table 1  Sources of mulberry leaves of different cultivars

5 GBS SR A A %5 GBS SRAEH AT

No. Type Collection location No. Type Collection location

Sl % M. alba PR T M X 437K S10 X493 M. australis BT X A 284
2 F M. alba KT 2 B LU 4 St1 X F M. australis GNP ERE SR TIE
S3 F M. alba PR Z T BT 3 S12 X 3& M. australis HPRTTT M IX 437K
4 43 M. cathayana R 2 B EL 3G S13 X F M. australis A ELAT I A
S5 8% M. cathayana PR AT R S14 XZ& M. australis T R R DX A
S6 1£3& M. cathayana TP IR X a4 S15 X5 M. australis o PRTHT LT DX 22 1
S7 453 M. cathayana PR T UL X 22 T S16 M5 M. australis R AUAT X R AR
S8 8% M. cathayana FRT S X A || S17 XZ& M. australis BT X I 5
59 #£5& M. cathayana PO N X VL

pl 517 FPEIERRIEFR 1. 00 mL 2 mL 8,
TNK A B ZIBEE , A% 500 nmol/mL [YYR 4 ¥ HR %

W o
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TR ARG 0. 22 pum AL UERE, BIAS
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Fig. 1 Chromatograms of amino acids standard (A) and mulberry sample (B)
Tl REER(Asp) ;2. HEIR(Glu) ;3. 22 R (Ser) ;4. HEIR (Cly) ;5. HZ R (His) ;6. K HMR (Arg) ;7. FZBR(Thr) ;8. WL (Ala) ;
9. y-Z AT HR(GABA) ;10. JifiZ AR (Pro) s 11. He&( AR (Cys) 512. BEZR (Tyr) ;13 A% BR (Val) ;14. WHTZER (Met) ;15. 5B (Lys) ;16. 5
ELEBR (Is0) 517, 2 & 2 (Leu) 518. ZEN & 2 (Phe) , Note:1. Aspartic acid (Asp) ;2. Glutamic acid (Glu) ;3. Serine ( Ser) ;4. Glycine (Gly) ;
5. Histidine ( His) ;6. Arginine (Arg) ;7. Threonine (Thr) ;8. Alanine ( Ala) ;9. y-aminobutyric acid (GABA) ;10. Proline (Pro) ;11. Cystine
(Cys) ;12. Tyrosine (Tyr) ;13. Valine (Val) ;14. Methionine (Met) ;15. Lysine (Lys) ;16. Isoleucine (Iso) ;17. Leucine (Leu) ;18. Phenylalanine (Phe).
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Table 2 Linear relation of components of amino acids

s b 1Ay HR A AL

Component Equation of linear regression Correlation coefficient Linear range

(nmol/mL)
KGR Aspartic acid Y =42 256.7X 0.999 8 10 ~ 500
HRAM Glutamic acid Y =52527.7X 0.999 9 10 ~500
22 %R Serine Y =72788.4X 0.999 8 10 ~500
H&®R Glycine Y =105 411X 0.999 7 10 ~500
ZH &R Histidine Y =121 385X 0.999 6 10 ~500
%R Arginine Y=92313.3X 0.999 8 10 ~500
R Threonine Y =106 630X 0.999 8 10 ~500
NEFR Alanine Y =75152.4X 0.999 9 10 ~500

zﬂé;:i%ﬂiﬁ y-Aminobutyric Y=60 923.6X 0.999 9 9.87 ~493.5
il %R Proline Y =31201.9X 0.999 8 10 ~500
e B Cystine Y =31377.2X 0.999 2 10 ~500
fi% 2 X Tyrosine Y =82499.1X 0.999 5 10 ~500
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2:5% 2 ( Continued Tab. 2)

a5 LRI X R JKpLEE
Component Equation of linear regression Correlation coefficient (rmol. /mL*’)
W5 R Valine Y =98 602.7X 0.999 9 10 ~500
H 1% 2 i Methionine Y =105 954X 0.999 7 10 ~ 500
R WL Lysine Y =48 157.4X 0.999 6 10 ~250
BEH IR Isoleucine Y =116 840X 0.999 9 10 ~250
AR Leucine Y =114 936X 0.999 8 10 ~250
K& B2 Phenylalanine Y =237 992X 0.999 5 10 ~250
2.1.2 HEERE 2.5% Ju [N, RIIAE W 20 7E 48 h NERE T
45 R BoR A5 SRR T AR RSD {HI97E0.3% ~ R4t
2. 1% Yo N, RSG5 B R 4f o 2.2 AERMWHRM FAA BEER
2.1.3 EHEMHRE BT A ASTR] 7= HORE 4 1. 3. 27 TR Jy ik
G5 R A E AR W TR AR RSD {HINTE 0.5% ~ il AR W, RSP A T 28 3 4y, 41, 3,37
2. 8% Ju N, RIAA T B R4 TR S A R AT A, TR 18 R R
2.1.4 BRI i, LPF A + dnifEf 22 308 25 /R LK 3,

R R A E LRI TR RSD (HIFE 1.2% ~
F3 =SARMARFHRM P FAAs HEE(xts,n=3)

Table 3  Content of FAAs in mulberry leaves of three varieties from different Origins(; +s,n=3)

ALK i Content(mg/100g)
Amino acid type S1 2 S3 R S5 S6 S7 S8 39 S10 SI1 S12 SI3 S14 SIS S16 S17

WVEEFERR Fssential amino acids

HEAM 33.20+ 32.92+ 33.78+ 70.54+ 96.22+ 53.9% 72.5% 72.68+ 95.77+ 82.21% 66.09+ 107.63+ 76.83 + 76.98+ 123.8+ 64.84+ 65.73 ¢
Threonine 0.86  0.56 5.5 1.74  1.01 1.28 2.08 2.00 3.50 2.64 3.23 2.1 0.99 1.53 3.6l 3.08 2.8
WA 18.19+ 15.46+ 10.44+ 32.35% 55.73+ 7.24x 72.03+ 28.22+ 51.25% 45.67+ 29.64= 30.76+ 37.47+ 40.02+ 101.64  31.31+ 13.56 =
Valine 0.21  0.10 0.04 0.64 0.99 0.13  2.08 1.o1  2.67 0.6l 055 0.35 033 0.49 0.61 1.07  0.28
SRR 11.94+ 8.13+ 4.25+ 17.47+ 27.11+ 5.65+ 33.62+ 17.56+ 26.45+ 24.55+ 14.32+ 13.36+ 18.65+ 22.69+ 47.75+ 14.53+ 8.74 =
Isoleucine 0.06 0.15 0.02 0.2 0.07 0.22 0.6 0.12 0.11 0.17 0.28 0.23 0.12 0.28 1.01 0.32 0.41
AR 346+ 1.52+ 0.43+ 500+ 6.53x 4.15+ 3.42z 1535+ 6.59+ 0.68x 1.23+ 4.86+ 14.46+ 599z 10.04+ 4.63+ 11.31%
Leucine 0.05 0.04 0.04 009 0.10 069 005 0.06 006 0.09 007 008 025 008 0.11 0.07  0.11
KN 6.39+ 9.88+ 7.05% 12.41% 30.94+ 2.41+ 37.79+ 7.23+ 32.54+ 30.72z 8.56+ 7.06x 9.62+ 549+ 3518+ 9.32: 4.14:%
Phenylalanine 0.03 0.09 0.03 006 058 019 03 0.12 0.83 0.06 0.08 0.03 0.06 0.04 0.48 0.08 0.03
FENi .13+ 0.16+ 0.80+ 0.82+ 0.95+ 1.42+ 3.17+ 6.41+ 277+ 0.54+ 3.67+x 0.70+ 6.03+ 4.26+x 4.18x 0.79+ 4.30%
Lysine 0.03 0.0 0.06 0.01 0.02 0.04 0.01 005 003 004 002 006 022 006 0.0 001 0.04
R

Semi-essential amino acids

BTN 0.27+ 0.52+ 1.56+ 3.59+ 1.08x 0.35+ 0.66x 0.59+ 1.17+ 449+ 1.00+ 0.64z 0.38+ 1.08z 0 0.2+ 0.30+
Methionine 0.00  0.01 0.03 0.08 0.02 003 002 0.0 002 020 003 0.03 0.0 0.06 0.02  0.02
HER 345+ 3.60+ 5.99:+ 10.15+ 14.59% 2.19+ 2585+ 6.69+ 16.30+ 13.55+ 9.21+ 8.19x 7.11+ 10.78+ 22.6+ 9.80+ 1.43+
Histidine 0.03 0.07 0.25 003 0.03 058 005 012 09 019 003 006 003 005 0.4 0.13 0.05
TR

Non-essential amino acids

HaEm 13.97+ 0.86x 1.67+ 6.70x 11.81+ 3.35+ 36.76x 19.93+ 13.55x 4.3+ 527+ 4.64+ 1451+ 16,47z 23.57+ 10.7+ 23.68 =
Arginine 0.38 0.04 0.07 0.10 0.24 0.38 001 0.12 021 0.10 034 014 0.29 0.19 0.5 0.16 0.28
REER 1.12+ 3.86+ 8.12+ 9.77+ 10.71+ 23.97+ 42.83+ 25.41+ 16.84+ 7.51+ 11.76+ 28.05+ 16.89+ 22.56+ 51.26+ 13.33+ 78.75+
Aspartic acid 0.07 0.04 0.08 0.17 0.10 0.44 0.5 0.34 0.51 024 023 0.27 021 0.3 1.00 0.36 0.26
R 60.32+ 11.49+ 23.01+ 21.92+ 31.24+ 63.67+ 87.42+ 69.42+ 32.62+ 15.48+ 19.74+ 27.68 + 80.62+ 65.04 + 114.27+ 25.23+ 50.8 +
Glutamic acid 0.03 0.03 0.03 002 0.5 0.5 0.58 0.57 0.04 0.04 0.31 1.2 097 0.39 1.2 0.42 0.08
2R R 90.06 + 75.59 = 178.11 £+241.77 £342.72 + 81.99 + 661.77 +260.73 +338.83 £267.75 £ 192.79 £ 165.25 + 174.1 + 352.00 £ 631.94 + 191.91 £ 99.76 +
Serine .14 229 577 10 10 0.44 0.5 577 577 233 0.12 214 0.02 10.00 10.43 405  0.05
e 9.41+ 575+ 11.07+ 18.23+ 24.76+ 8.17+ 48.91+ 16.72+ 20.24+ 20.5+ 18.1+ 23.75+ 19.09+ 28.34+ 38.02+ 23.89+ 7.82+

Glycine 0.02 0.02 0.02 001 0.01 0.49  0.05 0.06 0.01 0.04 003 0.02 002 053 0.11 0.56 0.02
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#£4% 3( Continued Tab. 3)

LT K £ Content(mg/100g)
Amino acid type S1 2 S3 N S5 S6 S7 S8 39 S10 Si1 S12 SI13 S14 SIS S16 S17

WVEE IR Fssential amino acids

&R 13.54+ 6.98+ 3.14+ 13.27+ 21.49+ 12.05+ 32.51+ 47.83+ 13.59+ 13.41+ 14.17+ 16.8+ 42.91+ 17.12+ 39.59+ 8.52+ 23.84+
Alanine 0.03 0.02 0.02 0.01 0.01 0.52 0.01 1.52 0.30 0.37 0.03 0.22 0.13 0.83 1.33 0.18 0.23
i 94.46+ 26.70+ 75.09 + 89.61 + 145.66 + 82.66 + 455.68 +106.03 + 136.87 + 56.18 + 86.89+ 72.92+ 86.12+ 154.09 +577.53 + 93.33 + 284.9+
Proline 4.00 1.00 0.97 1.00 1.01 1.78 9.99 0.32 0.46 0.99 0.28 1.15 1.04 4.05 9.99 3.49 3.99
fis R 475+ 3.51+ 5.17+ 9.63+ 18.88+ 1.64= 22.45+ 4.48+ 16.13+ 13.31x 1.07+ 8.19x 9.96+ 7.11x 252 7.67+ 0.88=
Tyrosine 0.06 0.05 0.04 0.28 0.29 0.05 0.56 0.08 0.57 0.20 0.04 0.09 0.13 0.10 0.84 0.14 0.05
R 28.9+ 17.16% 11.32+ 3.68+ 7.13x 4.48+ 5.11x 1.68+ 2.11+ 2.63+ 3.65+ 1.46+ 1.34x 1.28% 4.55+ 0.89+ 5.35%
Cystine 0.11 0.38 0.73 0.05 0.08 0.71 0.02 0.01 0.08 0.11 0.08 0.08 0.05 0.06 0.09 0.06 0.11
Y- EIETHR 15.16+ 14.78+ 9.87+ 22.56+ 45.3+ 23.18% 75.67+ 59.91+ 28.33+ 28.31+ 43.28+ 24.22+ 65.51+ 42.67+ 76.21+ 15.5+ 56.69 %
y-aminobutyric acid 0.12 0.10 0.10 0.02 0.02 0.24 0.99 0.58 0.81 1.02 2.5 0.6 2.5 1.50 1.02 0.43 1.16
AR EIER A LA

The total content
of amino acid

AR 409.7 + 238.86 +390. 88 + 589.49 + 892. 87 + 382.47 +1718. 14 +766. 86 + 851.97 + 631. 84 + 530.41 + 546. 18 + 681.6 + 873.98 +1927.33 +526.61 + 741.97 +
Total amino acids 3.74 4.1 4.14  13.04 12.73 4.63 17.22 7.23 7.98 6.54 6.57 4.38 2.65 10.79  15.4 5.12 7.95
Wi AR 74.57+ 68.59 + 58.31+ 142.18 £218.58 + 75.12 + 223.19 + 148.02 +216.55 + 188. 85 + 124.49 + 165.01 + 163.44 + 156.5+ 322.6 + 125.84 + 108.06 +
Essential amino acids 0.94 0.54 5.48 2.07 2.19 1.9 4.66 1.84 2.15 2.2 4.02 2.11 1.16 1.88 4.27 1.85 2.87
PR LR 17.42+ 4.46+ 7.66+ 16.86+ 26.4+ 555+ 62.6+ 26.63+ 29.86+ 17.89+ 14.48+ 12.83+ 21.62+ 27.26+ 46.17+ 20.5+ 25.12+
Semi-essential amino acids 0.35 0.09 0.18 0.09 0.23 0.26 0.06 0.24 0.9 0.13 0.36 0.17 0.32 0.19 0.22 0.29 0.27
JEAT AR 317.71 +£165. 82 +324.92 + 430.45 + 647.88 + 301. 8 + 1432.35 +£592.2 + 605.56 +425.09 +391.44 + 368. 34 + 496. 53 + 690. 22 +1558. 56 +380.27 + 608.8 +

Non-essential amino acids 4.83 362 523 11.01 10.36 2.98 12.63 6.17  6.11 4.53 2,67 238 229 10.94 15.34 6.71 4.91

o Y N NI O S Tve SRR I wé‘é-ifkﬁimﬂl:uﬁmﬁﬁmﬁﬁﬁwéé > Xt
MYER AR EE RN EEA R, 18 MERR 5. WA /= =S5 fp, SIS MRS
Sy R T BRI T E SRR AT E AR =K (1 927. 33 mg/100g) ¢, S7 (1 718. 14 mg/
Ko BMHERMAS MG RET, AP KA  100g) Kz, S2(238. 86 mg/100g) i 2 He R 7 ik iy
TR AR ) Rl B 32 0 b FAAs 4R &% & IR, S HERT se g B £ 2 & 51 R0 5 AN S Rl Bk

*Lmﬁc WF3, GEREV, RR RN ZRER R S AT L, PO X R R R A

BAH—EXES, AR ST AR T MRS R ER T R R AR A
2&%@@ BT EEMR SR E T 2,93, 3 EUFE  MEMEIERRI L SIS B A B R, ST By M
R AR TSI S2; A A ST MR A R CRUTREERR AR T SRR A UK T SIS,
AR T EER AR AR S BT P S7.S15 B ER PO I g X A MR S, Dt
4,85 .S6.,S8 SO ; M 5% i SIS BESEMR AT E WA DO I DX 2T B o B v R R
R O TFRAIER VLT EAERSTEH ST BK,

S10.S11 812\513\514\816\8170 [&]— 7= Hi A [6] 5 2.3 A [E&MmFEM FAAs gy TAV

Fh S0 SRR T SR 6 R R AR W17 (3R IR = iR 4 B 1. 3. 27 TR )y ik
AR G EERAE, WP ERT o HEXGE . SRl A, AR A 3 M, $272.37
TR AN BATR B R R S RN R > X05 TR G A ETIE T 18 FhE SRR I TAV
>EGERMTE X ZWE BT RREX S E, AR R & 85 R 5 14 & i 1
BT RTTM X R B R M R o oS 3 > WLk 4,

x4 FREMRIF FAA K TAVERSELSERMMEENEE

Table 4 TAV and total taste content and percentage content of FAAs in different mulberry leaves

£ B
o Threshold ~ S1 2 S3 4 S5 S6 S7 S8 S9 S10 Sl SI2 SI3 S14 SI15 SI6 S17
Category
value
HrZ AL Bitter amino acids
y-EETR

y-Aminobutyric acid
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% Al

Category
€01 value

Threshold ~ SI

S2

S3

4

S5

S6 S7 S8 S9 S10 Sl SI2 SI13 Si4 SIS S16 S17

Valine

e
Isoleucine

o

Leucine

R

Arginine

Mo
Methionine

TAV G A

Total TAV

HEH

Total content(mg/100g)
AT i

Relative content(% )
EWR AR
Umami amino acids
REER

Aspartic acid
Glutamic acid
Lysine

TAV EA

Total TAV

2 AL

JONERER
Total content(mg/100g)

AT & i

Relative content(% )
Aromatic amino acids
T

Cystine

A

Tyrosine

RNER
Phenylalanine

TAV EA

Total TAV

40

90

190

50

30

100

30

50

260

90

BEE

Total content(mg/100g)
X it

Relative content(% )
FUR AR

Sweet amino acids
HHR

Serine

TR

Glycine

HER
Histidine

150

130

20

62.98

15.37

0.01

62.58

15.27

0.17

41.19

11.52

0.6

0.07

0.39

0.09

0.53

41.27

17.28

0.04

0.38

0.42

15.51

6.49

0.01

0.08

0.09

27.64

11.57

0.5

0.04

0.18

0.26

8.2

1.22

31.93

8.17

19.63

5.02

0.09

0.3

0.12

1.28

87.68

14.87

0.1

0.51

1.39

0.3

0.03

0.24

147.57

16.53

1.04

0.02

0.07

0.24

2.28

0.19

0.73

0.06 037 02 02 027 0.16 0.15 021 025 0.5 016 0.1

0.02 0.02 0.08 0.03 0 0.00  0.03 0.08 0.03 0.05 0.02 0.06

0.07 074 04 027 009 0.11 0.0 029 0.3 047 021 047

0.3 29 L4 191 1.65 105 106 1.53 1.65 3.5 1.18 0.98

43.93 2216 141.55 127.35 108.04 M.73  78.48 150.98 128.92 259.21 77.08 114.28

11.49 12.93 18.46 14.95 17.1 17.86 14.37 22.15 14.75 13.45 14.64 15.4

0.24 043 025 0.17 0.08 0.12 0.28 0.17 0.23 0.51 0.13 0.79

212291 231 109 052 0.66 0.92 269 217 381 0.8 1.69

0.03 0.06 0.13 0.06 0.01 0.07 0.00 012 0.0 008 0.02 009

239 34 2,69 132 060 0.8 L21 298 249 44 099 2.5

80.05 133.41 101.22 52.24 23.53 35.16 56.44 103.53 91.86 169.72 39.35 133.84

23.28° 776 13.2 6.13  3.72  6.63 10.33 15.19 10.51 8.81 7.47 18.04

18.17 60.08 53.99 31.83 29.36 18.89 26.46 54.22 25.51 69.33 17.08 30.08

475 3.5 7.04 374 465 356 4.8 795 292 3.6 324 405

0.55 441 174 22 1.79 129 L1 116 235 421 1.28 0.67

0.06 0.3 0.13 016 016 014 018 015 022 029 0.18 0.06
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" il
i Threshold ~ S1 2 83 4 S5 S6 S7 S8 S9 S10 Sl S22 S13 sS4 815 Sle S17
Category
value
E%f%i 260 0.13 0.13 0.13 027 037 021 028 0.28 0.37 032 025 04 03 03 048 025 025
yrosine
i
Tﬁ%@l 60 023 012 005 022 03 02 05 08 023 02 024 02 072 029 066 0.14 0.4
Alanine
E)ﬂiiiﬁd 30 031 0.09 025 03 049 028 152 035 046 019 029 024 029 051 193 031 0.9
roline
TAVE‘WT - 151 1.06 2.01 3.05 442 141 842 3.6 43 336 267 262 298 421 87 265 2.4
Total TAV
AL
BT - 411 15154 307.19 4M3.59 645.44 240.9 1297.23 510.69 621.61 453.6 387.25 394.55 406.16 639.32 1433.48 392.29 483.49
Total content( mg/100g)
A~ H
xR - 59.58 63.44 7859 75.25 72.29 63 755 66.59 72.96 7179 73.01 72.24 59.59 73.15 74.38 7449 65.16

Relative content(% )

- IR e 0
Bitter Umami

s17 1500

S16
1000

S15
50

S14

S13

S12

S11
S10

i E R e R
Aromatic Sweet
S2

S3

S4

S5

S6

S8
S9

B2 AEFHSmARH FAAs ERFESTIEE

Fig.2 Radar map of FAAs flavor characteristics of mulberry leaves from different producing areas and varieties

TAV S A b S R W) 50 o3 100 7 5 52 R
YR BRI 22 e, FAAs V5 Ryl SL0R A JERE o 2
— AR TAV X} FAAs (R BEF IR . S5 A0
SESCHRTT A R Y T e S R 3 1 g A AR
B W AR Oy Y SR ), AR R
FER 15 VR R AR v B b FAAs 43 O 95 BR S L TR
(Val lle, Leu. Arg., Met ) | #f I & Z£ 18 ( Asp. Glu,
Lys) \J7 7 & 2 A2 ( Cys | Tyr Phe ) FI#ft IR 22 S 1R
(Ser,Gly His , Thr, Ala,Pro) P4 -K2&, TAV 7] Jz
B L — R TR X 5% I AR LR Y TR, Y TAV > 1
I, IR Z L B X 5 A TTmk, 1 TAV < 1 I, A
BB IR DT 2R 4 TR, IR s
iz TAV KT 1 BZ AR My Val, Hd AR 7 AR
[Fi] i o S AR L R S SE R Val T AR YKy < S15 >
7 >S5 >S9 > S10; GBI TAV & F 1 104
FERR A Glu, Horp AN ] 77 Ml AN [] i oy 5% - i A i i
IR Glu PR H :S15 >S7 >S13 >S8 >S14 >
S6 >S1 >S17 >S9 > S5; FF &R A HMR TAV F1 TAV

SN INT 1, X SRR /DN s B R LR TAV
KF 1 (W5 IE R Ser His  Pro, JL R[] 7 i A 7]
LRI SRR S1.S2 .86 1 S17 A, $RAIFIR S iR
Ser 1) TAV {1k F 1,515 () TAV (HiEik 4.21; 7=
I ECL T X2 T L ) A 3 NG 3 (ST A S1S) B b
Pt vh 545 19 His $2OLEIR LR, S15 &A1
Pro $RAILRRZIERR . 8 it HL A [ 7= o R[] i b
S0 FAAs [ TAV S (B K B 2 FAAs 5 bR ARAE 55 ik
PR AT AT S TR S R R I 2 B0 B R L R > Tk
SR > BER LR > J5 R E LR, H S15 .87 it
WA S R 1 ek 0 2 v LA 5 R P b SRR L
FITR S IR AN BB 25 7 TR UK, (W) B R 5 fif ok 2 ik
i DM P, o 30 046 e 334 i Py i R S O R

3 ARl SRR R R R B e, B T AR
FH?%jj o
2.4 HEXESH

AROEE S B R FH SCHRT ™" 38 ) 07 32, R
SPSS 27. 0 HAXF AN [a] ity Fft AN ] 7 s S v v 18
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BRI B s AT A OCHE M LR 5, B a3 A 4 SR AT
A 101 X B R A B 3 IEAH G (P <0.01) , HZ
PR LR AL 43 2 [ 34 2 1EAH G, U B 4% 41 70 B L R
it Z AT B A AR O . M BUE R 1, I
FHOCTFREE R, FHOC R EGAE 0.9 LU LAY 430l Gly

Y5 Ser His, Ile 5 Tyr, Val  His,Ser, His 5 Ser, Gly,
Ile . Tyr Val, Tyr 5 Ile His Phe Val, H.H Cys 5 H
b2 73 S LR 22 6] 24 0 S AH G, Arg 5 R 280
GASEIRARCHER 3

RS AREGFEMH FAAs PEXESH

Table 5 Correlation analysis of FAAs in mulberry leaves of different cultivars

GABA Pro Cys Tyr Val Met Lys Ile Leu  Phe

Ao acid Asp Glu Ser Gly His Arg Thr Ala
Asp -
Glu 0.537 -

Ser  0.327* 0.5%8* -
Gly — 0.280% 0.493* 0.924* -

His 0.173 0.367 0.954™ 0.920** -

Arg 0669 0.747** 0.686 ™ 0.649** 0.550 ™ -

The  0.372* 0.320% 0.604** 0.626™ 0.629* 0.319* -

Ala 0.473 " 0.765 " 0.471™ 0.429*" 0.324* 0.686 " 0.470 ** -

GABA 0.648 ** 0.758 ™ 0.660 ** 0.610 ™ 0.523 ™ 0.806 ™ 0.527 ™ 0.883 ™*
Pro 0.721 7 0.736 ™ 0.807 ** 0.701 ** 0.687 ** 0.800 ** 0.479 ** 0.519 **
Cys 0.3177 0.074 0.312° 0.406 ™ 0.323* 0.133 0.624™ 0.315"
Tyr 0.157 0.414* 0.879** 0.815* 0.922** 0.501 ** 0.673 ** 0.373 **

Val 0.2750.525* 0.922* 0.861 ™ 0.926 ** 0.571 ** 0.759 ** 0.497 **

Met — 0.371*40.507 ™ 0.007 0.027

Lys 0.487 " 0.664 ™ 0.284* 0.227  0.11 0.605** 0.277 % 0.823 **

lle 0.271 0.552* 0.915* 0.832* 0.904 ** 0.597 ** 0.753 ** 0.530 **

Leu 0.488 ™ 0.591™ 0.122  0.074

Phe 0.102

0.128 -0.361 " 0.033 0.317" 0.296" 0.315* 0.184 0.0

0.030 0.503** 0.390** 0.836 " 0.644™ 0.276 0.345* 0.096

0.215 0.806 ** 0.693 ™ 0.896 ** 0.423 ™ 0.568 ™ 0.244 0.415™ 0.573* -0.162 0.923 ™ 0.849 ** 0.235

0.740 *
0.384 " -0.126 -
0.490 ** 0.667 ** 0.208 -

0.645* 0.765* 0.301* 0.9%2* -

0 -

0.790 ** 0.373 **-0.381 % = 0.038  0.251 -.376*" -

0.660 ** 0.747** 0.293* 0.911 ™ 0.988 ** 0.036 0.301 " -

0.197 0.387 ™ 797" 0.245 -
£0.037 0.841* 0.061 -

W T BEHIR(P<0.05), " " REBHEMK(P<0.0),

Note: * Significant correlation (P <0.05), ** Extremely significant correlation (P <0.01).

2.5 EHHSH
2.5.1  ERHHRZTTHRE

FIHT SPSS 27. 0 X Jift 1fy £50 405 47 A o 1k 4b 28
Ja , BT R A, A5 B 3R R S DTk
W6, N3k 6 Jim  FEHE 3 A F s (FEIEE >
1), Hif 2 D FERGr SR TTHRR IR 75.26% , F 47 1

FHAE(E 9. 851 TRk % 54. 73% , L F L F Ry 2
R =R S R (A 7280>0.09) , &
LAY 2 FFAE(E 3. 695 BIHRk3 20.53% , FEFZ M A T
N R AR (R R E0>0.19) , ERS 3
FHIF(E 1.556 TTHR%E 8. 65% , FE LM T A IR |
K2R M2 2R (5351 5788 >0.18) .

RO EMOMFEERFTERHE

Table 6 Eigenvalues and variance contribution rates of principal components

B A

Principal component

FHIE(E

Initial eigenvalue

77 7% SRk FBUT 22 sk
Variance Cumulative variance

number contribution ( % ) contribution rate( % )
1 9.851 54.727 54.727
2 3.695 20.53 75.257
3 1.556 8.645 83.902
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Wi &5 N [a] 7 3t 1 it e SR04 8 G B R 2 0340 W B B 3 AT 947

2.5.2 ERHSFH GEEFH RIS
AR 32 B8 53 i Xt 07 AR AF AL 5 JOT 1 B 32
I3 SRR Z AN LR A AR 325 E o
KRN F,. =0.652F, + 0.245F, + 0. 103F, , HAR#E
LA TE OO = M S i FAAs 153 #E1 THE T

RT HERERIED.

(WL 7) . &5 Won: BT Ewg X 22 0 B 58
(S15) E KT EL g X ZZ A AE 5 (S7) (PR R 7
X EMRHE B SR (S8) RO i 28 B A HE A4 1T 3, A
[ o =Fh Rt A 255 F {H5-0. 816 ~ 1. 61, %]
ANTR] ™ M = Foh Z G R 22 S W

ZARSREHRF

Table 7 Principal component score ,comprehensive score and ranking of samples

B G %53 K F Principal component factor A e
F' 4N
Sample number F F, Fy “ Overall ranking
S1 -0.95 0.25 2.41 0.31 9
S2 -1.311 0.289 1.062 0.816 17
S3 -1.169 0.453 0.629 -0.809 16
4 -0.422 0.859 -0.956 0.584 14
S5 0.476 -0.91 -0.183 0.068 7
S6 -0.927 0.631 0.156 0.434 13
S7 1.957 0.571 1.504 1.291 2
S8 0.364 1.769 -0.971 0.571 3
S9 0.405 0. 801 -0.563 0.01 8
S10 -0.152 -1.755 -1.248 -0.658 15
S11 -0.494 -0.047 -0.417 0.377 11
S12 -0.312 -0.191 -0.878 -0.341 10
S13 0.404 1.488 -0.988 0.526 4
S14 0.257 0.261 -0.304 0.2 6
S15 2.405 -0.129 0.71 1.61 1
S16 -0.442 -0.359 0.145 -0.391 12
S17 -0.088 1.966 0.181 0.443 5

2.6 RESMN
FIHT SPSS 27 A3 Hr = A~ kb B A [ 7 s S
(O FE M By, ILIET 3 AT, 24 BRECHE 2 R T 20 /)

0 5 10 15 20 25
Ed il 1 i 1 &'

B3 HREEDW

Fig. 3 Cluster analysis of samples

F 25 W, BEA AT 43 2 2, Ho DT B R XA T
OGS (SI5) (H PR TT (VRS X 22 IR AHAE S (ST) MES 1
2,85 .89 .S14 .S1 .82 .S3 .4 86,88 ,S10,S11,S12 .S13
S16 S17 J56 2 25, G5B 5 R b , 2 kiR
P14 it B 5 25 S W] REAAAE I Sl sl
3 WitE&ER

FtrhEE EEE IR AR T R, B
o LR E R, LD RE AR LA R A s R
EWIE . Zhang™ [BFFE R R M bR LM &S
TSEAE R JEL, o & T AR BT T 5 E LR 8
T, B A R R TT R DR & A 7%
U ; Deng 2521 X6 O [ 7 i 2 0 i HEATSE M, 045
AT = M S Ak 2 R AN 78 B 8 25 S T o B i
B2 RO T AR P2 b 3 A Ak 2 iR AT

ARSLHGNF T AEFE KO = AR AN [E] P LY
SRR FFAs JEATHFST, B e B B R 7 £ n 3k
1 927.33 mg/100g, H: 1 0b 75 2 R | 2 0 75 & %
i AE T &L A m e, A I R LR Y hE
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PEEFE MM . TAV E1E N A0 vk 1 =%
FEbs, W EEERR TAV 2001, = A ah Bl 5] 5
M TAVAER T | BEEERED , A AR X 2
R B TTHR AL (AR X2 DR BEAT TTHR G R A
AR AR TR AL 5> TAV KF 1 STk(E &R 1R
ZURAINMAER M P BAT Z AR IR, 18 X 4%
AR FERR A St — A BIF T A R 7 LR A7 A )
YEMER o d8 i 2R 0 At AN [ 7 il = it
HR 25 5 W] A, G A o DR TR L g X2 9 X SR
SRR S R TR R o DRI, 7 S R R e A
b T AR 12 DX b 2 R B O 3, e X0 SR
RSP AT I R I X R R — T R
AHEICIE SRl o AT A ] it b S A [ 7 1 5
- S SRR LA BTSSR et 7= i i SR E A ()
REPEF= A AT A AP ME T 25 W5
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