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Study on the composition of free amino acid and the effects on fruit fla-

vor quality in 15 hybrid citrus varieties

LIN Mei, ZHANG Weiqing, WANG Tianyu, KE Fuzhi, FENG Xianju, YAO Zhoulin, XU Chengnan
(Zhejiang Citrus Research Institute, Taizhou 318020, Zhejiang, China)

Abstract: [ObjectiveJHybrid citrus was derived from natural or artificial cross between different citrus
species, such as from mandarin and orange or pomelo. Many hybrid citrus varieties have good character-
istics such as wide adaptability, easy peeling, long storage period and rich flavor. The previous research
mainly focused on the performance, botany traits, biological characteristics and cultivation techniques
of introduced hybrid citrus. However, few studies on the content characteristics of free amino acids
(FAA) and its influence on flavor quality were reported. The content and types of FAA could be used as
an important index to evaluate the nutrition, taste and flavor of fruits. Hence, the present study identi-
fied the composition of different FAA and their influence on the flavor quality of 15 hybrid varieties in-
troduced into Zhejiang production area. [Methods]High-performance liquid chromatography (HPLC)
system with a C18-H (250 mmx=4.6 mm, 5 pm) was used to determine the composition and content of

FAA in the citrus fruits. Phenyl isothiocyanate acetonitrile solution was used as pre column derivatiza-
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tion reagent. The column temperature was 40 C, the flow rate was 0.5 mL - min"', the detection wave-
length was 254 nm and the mobile phase was sodium acetate acetonitrile solution(A) and 80% acetoni-
trile aqueous solution(B), mobile phase gradient elution. N-leucine was used as internal standard and
quantified by external standard method. The statistics and analysis of test data were processed by Micro-
soft SPSS 19.0 and the Excel 2007, and Visio 2016 software were used for drawing. The effect of con-
tents of 17 free amino acids in different hybrid citrus on fruit flavor was judged by taste intensity value
(TAV), and the FAA quality was evaluated by principal component analysis (PCA) and cluster analysis.
[ResultsJAll 15 hybrid citrus varieties contained 17 FAAs, among which Arginine (Arg) content was
the highest in 4 varieties, and Proline (Pro) content was the highest in the other 11 varieties. The total
free amino acids (TFAA) of the varieties ranged from 2 605.99 to 6 572.68 mg- L. The content of non-
essential amino acids (NEAA) was the highest, followed by essential amino acid (CEAA) for children,
and content of essential amino acids (EAA) was the lowest. EAA/TFAA was only 0.84%-4.90%. Medic-
inal amino acids (MAA) showed a great variability from 13.39% to 67.80%, it was higher than 50.00%
in 5 cultivars. The characteristics of amino acid components of different varieties showed significant dif-
ference. For example, the contents of TFAA, taste amino acids and sweet amino acids (SAA) of Beni-
bae were the highest followed by Tsunokagayaki, while delicious amino acid (DAA), bitter amino acid
(BAA) and aromatic amino acid (AAA) of Himeruby, Hongmeiren and Harumi were dominant. Addi-
tionally, the EAA and MAA contents of Mihaya and Kanpei were the highest . According to the flavor
characteristics of each free amino acid, they were divided into four categories, including SAA, BAA,
DAA and AAA. The order of the contents of 4 different flavor amino acids in the 15 hybrid citrus culti-
vars was SAA>BAA>DAA>AAA, but BAA>SAA>DAA>AAA in Haruka. It was found that Arg was
the main factor affecting the fruit flavor with the TAV of 0.92-3.37 and a mean value of 2.01. There
were 13 kinds of hybrid citrus varieties with the TAV of Arg>1, and the one of Sweet Alanine(Ala), Pro-
line(Pro) and Delicious glutamic(Glu) in a few varieties was also >1. The total variance contribution of
the four principal components was 85.44% and it was identified by PCA analysis, which could reflect
the comprehensive information of FAA in hybrid citrus. The evaluation model was established by inte-
grating the four factors: F=0.471F1+ 0.221F2+0.169F3 +0.136F4. The order of the comprehensive
scores of 17 kinds of FAA in the 15 hybrid citrus varieties was Mihaya > Himekoharu > Hongmeiren >
Tsunokagayaki > Benibae > Harumi > Haruka > Himeruby > Ehime No.31 > Kanpei > Setoka > Asu-
mi > Tsunonozomi > Orri mandarin > Huangmeire. The 15 hybrid citrus varieties were divided into 4
groups by cluster analysis, the results showed that Mihaya, Tsunokagayaki and Benibae were clustered
into the first group, Himekoharu and Hongmeiren in the second group, Harumi in the third group, and
the other varieties were clustered into the fourth group separately. [Conclusion]The amino acid compo-
sitions in fruits of some varieties were significantly different. Pro and Arg were preponderant inl7 free
amino acids of different hybrid citrus, followed by Asp and Ala. Bitter Arg was the main factor affect-
ing flavor of hybrid citrus fruits. The results of cluster analysis and principal component analysis were
basically the same, both could comprehensively reflect and evaluate the differences of the amino acids
in various varieties. The research would provide important references to the selection of hybrid citrus
varieties.
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Table 1 Information about the cultivars studied of fifteen hybrid citrus
9o g5 L L . RS T CRE B
MRS ot 2 i ki CBGERGERD .
Material . . Suitable harvest time (hanging on
Variety name Parents Origin
number trees)
PO1 P [Pty i) HA IHTR%E2ATH
Kanpei [(C. unshiu x C. sinensis) % C. sinensis] x C. reticulata Japan Late January to late February
P02 WY H L CRHAR AT < s 2l 8D < T A LH FRZE3 Hdhf)
Asumi [C. unshiu x(C. grandis * C. tangerine)x C. sinensis]x Japan Late January to middle March
[(C. unshiu x C. sinensis) x C. reticulata]
P03 aEN xR HA NATHEIATH
Hongmeiren (C. unshiu x C. clementina) * [(C. unshiu x C. sinensis) X Japan Late October to Late January
C. unshiu] x [(C. erythrosaxC. paradisi)* C. reticulata)]
P04 EEIN A AVE 2HHRIE4H P
Huangmeiren Unknown Unknown  Middle February to middle April
P05 A H 1i B A A SR HA 2H EHE2HTH
Haruka C. tamurana Hort. Ex Tanaka Japan Early December to late February
P06 /N T W< A HA LA THE2ATH
Himekoharu (C. unshiu x C. sinensis) % C. sp. Japan Late January to late February
P07 NS AT R4 57522 DR LHTFRE4HPH
Orri mandarin (C. sinensis x C. tangerine)xC. erythrosa Israel Late January to middle April
P08 =3 T8 W R F-2432 A 12 A FHE2 A
Harumi (C. unshiu x C. sinensis) % C. reticulata Japan Late December to middle February
P09 PNLERA FEZ P (ARPR  DLEE WL A TAD HA 1 FHETA N
Mihaya (C. unshiu x C. sinensis) X(C. nobilis x C. deliciosa)* Japan Late November to late January
[(C. unshiu x C. sinensis) *(C. nobilis x C. deliciosa) *
C. unshu] X[(C. unshiu x C. sinensis) xC.iyo)
P10 AN I PRI < JBE 4% AL RS HA 12 E L HHA
Himeruby C. reticulata xC. sinensis Japan Middle December to middle January
P11 FE 31 L B AR ARG HA 1 TFRZE2ATH
Ehime No.31 [(C. unshiu x C. sinensis)xC. unshiu] X[(C. erythrose x Japan Late January to late February
C. paradisi )x C. reticulata)
P12 HH I BRR HA 12z Hdh
Tsunonozomi (C. unshiu x C. sinensis) X(C. nobilis x C. deliciosa) Japan Middle December to middle January
PIZ WOE G IR 2 B )X BRAHA S AA  2ALWE3A L
Setoka [(C. unshiu x C. sinensis) *(C. nobilis x C. deliciosa)] x C. sp. Japan Early February to early March
I Gl Rx Y < LR HA  2AFHEIHHRR
P14 Tsunokagayaki [(C. unshiu x C. sinensis)*xC. unshiu]x(C. nobilis % C. deliciosa) Japan Middle February to middle March
P15 ZLR CHRIR < A S5 B RE D < SRR A HA 123 FRE2 A
Benibae (C. unshiu x C. sinensis)*(C. nobilis * C. deliciosa) Japan Late December to middle February

10 uLs MBIAH : A ZFREN- LBV B 80% LI
TSI, SRR FE B s IR RRAE AR

W FEBR IR (essential amino acids, EAAs) . 3F
W 75 & R (non essential amino acids, NEAAs). 24
& 1% (medicinal amino acids, MAAs) « & IR 20 F&
JiR (taste-active amino acids, TAAs)" !, 3 0h 55 & Ft
12 ()L 05 75 A HE R , child essential amino acids,
CEAAs) Z I CHR[17,25].
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(Ty) - A& R (Ala) Bt Z R (Cys) » 25 H & 2L 1R
MAAs 3 & Phe. Met. Leu. Lys. Arg. Gly. Glu. Asp-
Tyr 559 Fp. 17 MR IMEL 7 RECN 72.27%~
209.17% » 22 7 AN [7) i 25 28 25 IR A 4% oty o ) 110) 25 ==
7t R, [, 22 S M o0 BT SR 7R 45 Fh S B R A 48
Z SRR R 2 R M T S R 2 SRR I R
(Cys)H Z R HERD, F4b, A — A & P R
TRERBIERE.

& b BRI S BE TR TFAAs & & (p,
J& ) A 2 605.99~6 572.68 mg - L', i i o & A K
K& B 252.21%, dn A TE] 5 & B A 2K HET A
P15(ZLWE) >P14GHE 2 ) >P09 CRIGIE) >P03 (4.
¥ N >P04 (153 AN) >P02 (B H L) >P10 (4%
21) >P01 CHF) >P13 (i ' &) >P06 (R /NE) >
P11 CERE 31 >PO7GRMD >P12(#: 2 B) >P05 (F
) >PO8 (ML) , 25 di Pt 7] 22 S Ve 0 A 4 SR - %
B T4 SR P15.P14.P09 1 PO3 Jy i ) %
553, P04, P02 F P10 4 22 AN i 3%, PO1. P13,
P06.P11 #1 P07 A% F A W% , P12 F1 P05 2 A
B, BILE R PR 5T A M E R R RN, 15
il 2 A1 14 17 B FAA & & 3 {H HE )P 9 Pro> Arg>
Asp>Ala>Ser>Glu>Lys>Thr>Phe>Gly>His>
Val>Tyr>Leu>Ile>Met>Cys, H 7 5 6 52 1
Pro. Arg. Asp. Ala. Ser }2 Glu 4 %] 5 TFAA [
51.16%24.56%+6.98%5.50% 4.38%#1 3.36% , Pro
1 Arg &5 EEAH N 75.72%, Pro Arg Fil Asp 5 Eb & it
N 82.70%, Pro. Arg. Asp~Ala.Ser Al Glu &1t 5 tL A
95.94%. 17 P FAAFE & Bl st i & B P A — 2
Horp 445 A (PO1.P0O5.POS.P13) A Arg &5 & i 151 «
Pro K 55 ~ FH AR N Asp, T H 4 11 A4S & B Pro & &
IR e > Arg D0 B 8 AN il Bl Ala DA 2 ANl A A Asp
N LA R 2% SRR R FAA S8 58 3 109 BN Asp.
Arg. Ala Fl Ser, £ % B s M 4.3.3 M2, 154 i
Pl 2 FAA & B2 7, Pro & B8 i I 1 40 3
N P15(4 560.00 mg- L)1 P14(4 286.41 mg-L™"),
K A P05(681.38 mg- L), B i 21 A B A 6 155,
PI5SFIP14 N 27, P05 5 MAfh & %R,
Arg & B 5 4 9 9 P03 (1 687.37 mg - L)
P05(1 63573 mg L"), “F NERARE, RILAH
P14(458.86 mg-L"), f i 41N A% 3.7 1% s Asp & =
B m IR 4 AR P02 (763.15 mg - LD AT POL
(632.77 mg L), ;MK P06(65.11 mg-L™), = Z1A

AR 12 i s Ala. Ser % 5 B =1 « X =1 9 P14, P15,
Ala & 2K P01, Ser & E A K P04, Glu 7% & & = Al
A A0 N9 P10 PO7

% m P EAAs &5~ 35.02~181.89 mg- L, ¥ 1H
110.63 mg - L™, & & i iy AR =1 49 1) 4 P09 (181.89
mg-L'DAIP06(174.64 mg- L), “H NERAEE,
BAR N P04(35.02 mg- LY, 5 AT fFliE % 2 57 %
i Flt EAA/TFAA {X R 0.84%~4.90% , ¥J 18 2.71% ,
P06 N5 K, PO4 Fie /N, BEAR B Al i il EAA 75 =4k
THALK-. MAAs & 9856.19~2257.60 mg L,
MAA/TFAA /4 13.39%~67.80% , . P05 . P01 . P08
P13 A1 P10 J& 5 ANFE i I MAA/TFAA KT 50.00%
MAA & & & m NP0, SHAMMAEE ZR, &
B B R K YA PO3 P05 P13 AT P10 HLiX 4 4N
FhA MAA FEZ R A RE . X T P08, RE MAA
AN g, B TFAA N A, 5 MAA/TFAA AH %
BE . MAA i B K N P12 A 73 3 P14 Al
PI5S, X3 AT MAA S EANANEEER, M
MAA/TFAA 5% A4 P15 F1 P14, 4 54N 13.39% A1
13.98%. CEAAS Hi Arg 5 His 415, Ho Arg & &
9 458.86~1 687.37 mg-L", %Mt 1 003.97 mg-L", 1]
His & 81X 6.17~25.27 mg-L", ¥J{8 17.70 mg-L", it
] CEAAS L Arg N ¥, & i M CEAA/TFAA 1) 31E
924.99%. NEAAs H1 8 Fl FAA 4, HAE & it Fh )
S EMIEN3.31~2091.26 mg L, HEF N Pro> Asp>
Ala>Ser>Glu>Gly >Tyr>Cys, iX £& FAA 7E A~ [
i Bl R B R HE T AR TE 2 7 NEAA/TFAA (3318
NT72.26%. KL, NEAA 7% FAA 1) 32 241 4y,
HN CEAA ,EAA & B K.
2.2 FEZEMHEME 2R EER LR

17 PP FE R 1 O 2 R FE R (taste-active ami-
no acids, TAA) , 3% [0 H 2 BRAER 543N 428, 43 N5
R & JE 2 (bitter amino acid, BAA) , i Val.Met.Leu.
le. Arg ZH Ji ; Flf VR 2 ZE B2 (sweet amino acid, SAA) ,
£ %% Thr. His. Ser+ Pro. Gly . Ala; i bk 24 & 2 (deli-
cious amino acid, DAA) , 04 Glu. Asp. Lys; /5 77 %k
R HE MR (Aromatic amino acid, AAA) , fL5 Cys. Tyr.
Phe!*, AN [ 2 M it Fob 4 P SRR PR 2 2 LR 1
FH P 1 AT L, 15 AN Z A (9 5 R 2 R R DAA (] 1-A)
S ELIP10(971.34 mg- L) & i W 85 13 1) 4 PO2
(961.12 mg-L")F1P01(871.38 mg-L™"), H /P10 Al
P02 Z AR, 5 P01 N ZE R BE, & ' &N
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P04(197.57 mg- L) KA P06(212.56 mg- L DA P15
(230.95 mg L), 1X = 8]y 2 e A B3, B P10
LN BARPO4 K 5 6% . BHPRZ AL R SAACKE1-B) %
IR e~ R A R R 43 A P15 (5 691.31 mg LD
P14(5 429.49 mg-L HAIP09(3 743.91 mg L"), =¥ [A]

(964.61 mg- L") AIPO8(1 055.75 mg-L"), ~H N%
FBAERZE, HEEREPISA NRILPOS 6 1. T
R FE R BAA & & (] 1-C) LA P03, P05 A % /51 1K
N1 75926 mg - L AT 679.74 mg- L,
HERAEE, RN, S M & P04

=] s

PO 2 R R T B MR R A U 4 ) A POS (1 546.28 mg - L) L P13 (1 466.45 mg - L") . P01
X V=i 5
A 1200 iR HER DAA
a a
~ 1000 by T -
2 s00 [
TS 600 | ¢
5 d d
5 400 | f N f £ ef ef
g g &
1 mifl | ]
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(1360.72mg L), Hh Po4 FIPI3 N ERARE, 5
PO1AZESFRE . HEFRAERAAAE1-DBF
AR, 5 P08, N 101.63 mg - L, HH 4
o A IR 2 2= R, YRR P09 (63.43 mg - L) A1 P06
(6039 mg L), HZEFAEE, [N, AAA & EK
X ) PO4.PO7.P10.P11.PI2 I P13 ) N ZE F A &
=, AAA A BIR B A 2 AR ZE F AR
Fo B R IR B EREER S &, X
P05 Y BAA>SAA>DAA>AAA, Hi4x 144N i
N SAA>BAA>DAA>AAA (P08 ] SAA % & T
BAA) , H % & Flt SAA.BAA . DAA Al AAA 75 & I
BES S BRI TR S 2 1A S N 62.52%

25.60%+10.96%8110.92%. LiR/pHrEm, %4 5k
IR AL 2 b T [R) A7 7 22 e 1k SRR, 2 3O ATt
PLSAA 55 8 R fx = POS 9 A1, SAA 5 R 7E SR B 2
R LR

A [F) 2 T R A i T BB A [R] R AR L 1R
Bk v 0T B UK () DT R R — s R, R, SR
F TAV B 33— 3D 43 #1 % 2R S L R0 S it AUk (1)
SO, 15 Fof b 85 52 R S B R 1Y) WA O 3 P2 1B (TAV)
W23, 2 TAV > 1 I, T 32 7 12 22 5 TR %of JRU IR 52 i)
FAETTRR. R ATIL, % BIRE AR TAV>1 1 £
EON BAA T Arg, {84 0.92~3.37, Y8 2.01, B fh
Tl P12\ P14 1) TAV {5 23 /N T 1, Fo 42 13 Tl Z% A (1)

R3 TEIZHEMERIEER AR EEE(TAV)

Table 3 Taste activity values of flavor amino acids in different hybrid citrus varieties

SEIELIE
?:)rj? i%%z ;l;liset:hold/ PO1 P02 P03 P04 POS PO6 PO7 PO8 PO9 PIO PI1 P12 P13 Pl4 PIS5 EAF/Vie/}jrlie
(mg-g"
fief vk Glu 0.3 0.68 0.60 030 034 027 036 0.14 052 024 136 041 028 055 042 041 046
f“iﬁi Asp 1.0 0.63 0.76 0.18 0.08 0.24 0.07 024 025 034 053 0.15 021 033 0.18 0.09 0.29
Lys 0.5 0.07 0.04 0.07 0.03 0.05 0.08 0.04 0.02 006 0.06 006 0.04 0.07 0.04 0.04 0.05
gk Thr 2.6 0.01 0.01 0.01 000 0.01 0.01 0.01 0.01 001 0.01 001 0.01 001 0.01 0.01 0.01
?TA%AM His 0.2 0.06 0.10 0.10 0.03 0.10 0.13 0.05 0.11 0.13 0.12 0.09 0.07 0.08 0.08 0.08 0.09
Ser 1.5 0.09 0.10 0.11 0.07 0.08 0.13 0.08 0.09 020 0.11 0.11 0.11 0.10 020 0.20 0.12
Pro 3.0 039 0.68 0.68 072 023 0.64 075 027 094 056 059 0.64 043 143 1.52 0.70
Gly 1.3 0.01 0.01 0.01 0.01 0.02 0.02 0.01 0.01 002 0.01 001 0.01 0.01 0.03 0.03 0.02
Ala 0.6 0.08 0.12 022 0.15 0.16 041 0.10 0.10 089 0.10 024 036 0.19 127 1.25 0.37
S Val 0.4 0.03 0.02 0.06 0.00 0.05 0.07 0.01 0.01 007 0.05 006 0.04 0.04 0.06 0.06 0.04
?A%A& Met 0.3 0.02 0.01 0.02 000 0.01 0.01 0.01 0.00 003 0.01 002 0.01 0.02 0.03 0.03 0.02
Leu 1.9 0.01 0.00 0.01 000 0.01 001 0.00 0.00 0.01 0.01 001l 0.00 000 0.01 0.01 0.01
Ile 0.9 0.01 0.01 0.02 001 0.01 0.02 0.01 0.00 001 0.01 001 0.01 001 0.01 0.01 0.01
Arg 0.5 2.64 128 337 307 327 157 140 204 1.67 192 201 099 286 092 1.11 2.01
FHEW Cys 0.02 0.01 0.03 045 047 023 042 0.06 0.67 002 0.02 002 0.00 0.02 0.03 0.03 0.17
i%ﬁg Tyr 2.6 0.00 0.00 0.01 0.00 0.00 0.01 0.00 0.02 0.01 0.00 0.00 0.00 0.00 0.01 0.01 0.01
Phe 0.9 0.03 0.02 0.03 0.00 0.02 0.04 0.01 0.04 005 0.01 001 0.01 0.01 0.02 0.02 0.02

TAV KT 1. 545, SAA F1(#) Ala Fl Pro, X BV
fl P15 A1 P14, 3 TAV {H ¥ KT 1, DAA H (¥ Glu,
PIOMITAV>1. Ja2, 15 PP fH I FAA XF KR A 1
R 1) 32 Arg AlaPro A1 Glu, 1M Xt 22 55 R X
KA DTRR AN Arg, B0 Arg SN 28 b XU ) =3 225200 4]
2.3 FEIZRHGEMEEIRAMEE D

15 Fh 2R 1R 17 Fh FAA AH SR 4 Hr 45 S L3R 4,
AL TR AR BRI AFAE IEAH S AAH G, K 2 2
2 FAME , JUHE Ser. Gly His+ Thr. Ala. Val.Met. Leu

SR TR 2 ()AL AL = 7K, o Ser 5 Ala AH
KFRHCN0.957, N HTA AH & R E P s, B 18
A lle 5 Leu. Val [ #H ¢ 5 %043 7175 0.905.0.902, £
MR35 IEA 9. GluBg5 Gly.Asp #b, 5 HAN S FL IR
[ 00 P S T A 5 22 HL 2 B0 bl %
24 AEZEHEBMEEBRRERD D

R B R LR PCA 43 M 45 R W2 5 Flgk
6. KSAIM, 44 F AT FHEE R T 1 Bt 7 %
TTHR A A 85.44% , (R I, 146 FH X 4 A 1 B 1E
PTG B8 1T DN REERIGPRTE 4D F o
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Table 4 Correlation analysis of free amino acids in different hybrid citrus varieties
T H Item Asp Glu Ser Gly His Arg Thr Ala Pro Tyr Val Met Cys lle Leu  Phe Lys
Asp 1
Glu 0.572" 1
Ser -0.200 —-0.096 1
Gly -0.519" -0.420™ 0.828" 1
His 0.091 0.237 0.330° 0.202 1
Arg -0.020 0.007 -0.537" -0.416" -0.093 1
Thr -0.134 -0.164 0.619" 0.524" 0.682" -0.385" 1
Ala -0.362" -0.232 0.9577 0.894" 0.123 -0.53870.470" 1
Pro -0.303" -0.186 0.835" 0.784" -0.101 —0.586" 0.265 0.895" 1
Tyr -0.232 -0.019 0.246 0.270 0.446" -0.145 0.325" 0.243 0.016 1
Val -0.182 0.038 0.667" 0.5137 0.634" -0.121 0.695" 0.529" 0.337° 0.044 1
Met 0.068 0.035 0.838" 0.505" 0.202 -0.328" 0.507" 0.752" 0.645" 0.012 0.674" 1
Cys -0.399" -0.195 -0.337" -0.065 0.133 0.439” -0.103 -0.287 —0.327° 0.570" -0.254 -0.518" 1
Ile -0.356" —0.140 0.580" 0.525" 0.439" 0.031 0.576" 0.489" 0.392" -0.011 0.902" 0.604" -0.037 1
Leu -0.152 -0.085 0.371° 0.323" 0.449" 0.230 0.473" 0.269 0.149 0.031 0.804” 0.507" 0.083 0.905" 1
Phe 0.129  -0.149 0.406" 0.251 0.6117 -0.060 0.724™ 0.252 0.019 0.559” 0.393" 0.409" 0.240 0.336" 0.447" 1
Lys 0.060 0.094 0.117 0.000 0.378 0.319° 0.482" -0.038 —0.162 —-0.275 0.697" 0.407" -0.178 0.707" 0.764" 0.306" 1

RN B (p < 0.0 FHEE EM K (p < 0.01).

Note: " “represents the significance at the level of 0.05 and 0.01, respectively.

AT A 6, Horh PCAT T 347 48 4 i HLIEAH 5%
) % 3 B8 4 Ser. Gly. His. Thr. Ala. Pro. Met. Ile.
Leu.Phe %5, DL Ser #ff B 0.913 A K, £ BRI %
M FAA §h I % 5, PCAL J5 % 5Tk % 40.51% ;
PCA2 H 4 faf fE #5514 Lys Arg Leu. His 5§ , 2 224k
WAFEMMAAK S REZR, TETRBKEN
18.89% ; PCA3 ™ & fiif {5 %% 55 ¥ Cys Tyr. Phe, #4 3
ANEZAHP R AAAI S EZES, T ETIREN
14.45%, 111 PCA4 H AT (BN AspGlu 5, £ %
RIS Z A A KL DAA & B2 5, T ZTTiRE
N 11.60%.
2.5 AEZH M FAAs IR ETEN

i T PCA H 11 4 N 70 )W 7 FE S A 17 Fb
FAAs {5 5 11 85.44% , [R I, R FHIX 4 AN 2H 73 #4715

5 EHSFHFEEFMREE
Table S Eigenvalue of the principal components and

cumulative contribution rates

FERGT s TR A TTikE
o FFIEAE I .

Principal Figenvalue Contribution Cumulative
component g rate/% contribution rate/%
1 6.89 40.51 40.51

2 3.21 18.89 59.39

3 2.46 14.45 73.84

4 1.97 11.60 85.44

FhZR M ) FAAs ZR & VEN 2 AT AT . PCA TS EIHF,.
Fo F3 FiIX 45 25 G 4805 RAUE JFR 17 AN R R XS
AR BEAT 73 M, AT A F M FAAs 1 44> 3 5oy
LANER R AN

F=— 0.040X,- 0.025X, + 0.133X; + 0.115X, +
0.076X5— 0.057X;+0.115X,+0.121.X; + 0.096 X, + 0.034
Xi0+0.126X:,+0.120X,,-0.033.X,5+0.119X,,+0.097.X s+
0.670X,+0.064.X,,

F-=0.075X,+0.080X,-0.103X;-0.133X,+0.172Xs+
0.188X, + 0.073X:~ 0.161X:— 0.208X, + 0.008X,, +
0.111.X,— 0.027X,, + 0.089X s + 0.109X,, + 0.178X,5 +
0.123X,:+0.228X

F:=—0.232X,-0.186X,-0.022.X;+0.102.X,+0.82.Xs+
0.043X, + 0.060X; + 0.013X;— 0.044X, + 0.314X,~
0.074X,,— 0.154X,, + 0.349X,:~ 0.027X.,~ 0.017Xs +
0.150X,-0.142X,,

F.=0.312X,+0.263X,+0.070.X:-0.080.X;+0.238 X5~
0.233X, + 0.136X:~ 0.005X~ 0.049X, + 0.239.X-
0.051X,, + 0.041X:,— 0.061X:~ 0.197X.~ 0.167Xs +
0.216X,,-0.136X,,

IR 4 F S AN B 7 TR B A 5] 8 M i o
(1) FAA B KF, & 7 T WL, F1 434y f e Al Ak
53 5l 28 P09 A1 P04, F2 24 P03 1 P15, F3 &y P08 Al
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Table 6 Principal component load matrix and coefficient

I F A 1 PCAL FHiSr 2 PCA2 F B4y 3 PCA3 TS 4 PCA4
Amino acid  #ffLoad  F % Coefficient #Hfif Load  F& % Coefficient #Hifif Load  &R# Coefficient  #fif Load  FR % Coefficient
Asp -0.274 -0.040 0.239 0.075 -0.571 -0.232 0.615 0.312
Glu -0.171 -0.025 0.255 0.080 -0.457 -0.186 0.519 0.263
Ser 0.913 0.133 -0.332 -0.103 -0.054 -0.022 0.139 0.070
Gly 0.792 0.115 -0.426 -0.133 0.250 0.102 -0.158 -0.080
His 0.522 0.076 0.553 0.172 0.201 0.082 0.470 0.238
Arg -0.389 -0.057 0.602 0.188 0.106 0.043 -0.459 -0.233
Thr 0.794 0.115 0.236 0.073 0.148 0.060 0.269 0.136
Ala 0.830 0.121 -0.518 -0.161 0.032 0.013 -0.009 -0.005
Pro 0.661 0.096 -0.668 -0.208 -0.109 -0.044 -0.097 -0.049
Tyr 0.236 0.034 0.026 0.008 0.772 0.314 0.472 0.239
Val 0.866 0.126 0.357 0.111 -0.181 -0.074 -0.100 -0.051
Met 0.825 0.120 -0.085 -0.027 -0.378 -0.154 0.080 0.041
Cys -0.228 -0.033 0.285 0.089 0.858 0.349 -0.119 -0.061
Ile 0.821 0.119 0.349 0.109 -0.067 -0.027 -0.389 -0.197
Leu 0.667 0.097 0.572 0.178 -0.041 -0.017 -0.330 -0.167
Phe 0.539 0.078 0.395 0.123 0.367 0.150 0.426 0.216
Lys 0.437 0.064 0.732 0.228 -0.348 -0.142 -0.269 -0.136

P10, F4 Jy PO8 1 P04, Ifi] H1 A A% HY — 4> F= e 7 A RE
XF He dt BT H R DA S TR DABREAS F2 o0 ) 2 Ty
Z2 IR AF o O R 28 AL ST LR G PR AR AL N F=
0.471F,+0.221F,+0.169F:+0.136F,, it 2 3k #3 15 Fft ¢
WERE1F 0 KHEA 70 B R B A ihl FAA 256
PR K. AR TAIE, 561550 i s 2SR
®7 TREZRHEBIMESSS LS TME
Table 7 Principal component scores and comprehensive

assessment of FAAs of different hybrid citrus varieties

o
\)j:fitty Fl F2 F3 F4 F §Zrﬁ(ing
P01 -0.230 0.203 -0.215 0.045 -0.197 10
P02 -0.325 -0.066 -0.146 0.186  -0.351 12
P03 0.255 0.343 0.082 -0.187 0.493 3
P04 -0.749  -0.215 0.100 -0.216 -1.080 15
P05 -0.193 0.181- 0.082 -0.107 -0.038 7
P06 0.542 0.267 0.160  -0.052 0.916 2
P07 -0.429 -0.234 -0.004 -0.035 -0.702 14
P08 -0.439 0.026 0.446 0.264 0.296 6
P09 0.805 0.069 0.005 0.110 0.989 1
P10 -0.166 0.170  -0.240 0.177  -0.059 8
PI1 -0.021 0.047 -0.076 -0.086 -0.135 9
P12 -0.185 -0.180 -0.055 -0.024 -0.445 13
P13 -0.210 0.082 -0.134 -0.057 -0.318 11
P14 0.670 -0.345 -0.015 0.007 0.316 4

P15 0.675 -0.348 0.009 -0.024 0313 5

N P09 CRIGWE) >P06 (1% /M) >P03 (4.3 N >
P14 (2 8) >P15(ZLW) >P08 (K L) >P05 (F A
D >P1OERLT) >P11 (4% 31) >P01 CH ) >P13
Gl #5) >P02 (B H W) >P12 (2 ¥) >P07 (1K
Y >P04(HEE N, e N 42 &E KT 0,
AR 9 S O A B, 150 O ot ol D U S R S IR
TPk
2.6 ARI@EMBAHIERBBLES

B m P 17 M FAA B & L AR AL 5 K F ward
/N 2 R RKC B PR B VR AT R i 5 IOV 2,
B2 B UL, 15 AN MR oy i 4 2%, 28 1 25 el
P14 3 2 ¥ (P15 21 W K11 P09 K W& WP 4 1%, 4 AN
TFAA FII SAA & & 51, EAA 857 , MAA BUI% ; 55 2 3%
HH P03 2135 N\ P06 1% /N 4 B, TFAA 2 4 =
EAA & &5 55 3 28 Wi M P08 45 1L , 2 TFAA Al SAA
TR, 0 AAA SR B 4RO, H
PO7 {KAH VP12 2 ¥ . P04 3 35 \ (P11 Z 1% 31.P13
Wi A W POS F A A PO1 H P P02 B H WL & P10 %%
ZL2H %, AR H 2 1) S B ME B 5, TRAA 25 2 AR X6 ¢
([ N e S 3 G

3oH i

H AR IR = IR 20 22, AR IR R AT
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