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R OB (151 (Angilent 1200 HPLC sys-
tem, Waldbronn, 7EE ), ZALHS B & 22 76 0 4%
RID (G1362A) #1 Coregel 87 C (Transgenomic
CHO-99-5860) faifktl; 2 H 3 Hr il (L-
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1.3.1  HEAL I E AL 0 SR FH v 5O AH i
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AR A I LIEW ., B2 mL L3 B AR A B
/NFE (Sep—Pak® lce (100 mg) C18) 5, FH i 2k
AT S 5 76 2 Wl SR BE A RS &5 1 T Sh A R
A K (KA, A 30 min) , Wk 0.6 mL/min,
1 80 °C, 14 B i) 25 min,
1.3.2 AHLRAFNE A PURRH SR &R
VROAH o3 e ) S e FRE 1 g AR AT S5 A B i T
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A 5 mL 0.2% @5 R , 555 DL 120 5R &I 1
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0.22 wm U8R 5 26 A VRARNE , P o R0OR AR 15X
WE o BT AR 5052 23 i AE ], 356 FH DAD 4%
B REY R A, (kAR C18 A B A 0.2%
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1.3.3 iR e B m il iF B s R R el —
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1 mL P8, R BB 4K 7 B 10 7%, B0 1 mL R REWE,
A 1 mL 5% 5K IRIRA] , # & 1 h,4 C 14
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Fig.1 Comparison of sugar components in litchi fruits of different cultivars
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22 RABRASSERMK M2 (622.7+ 114.5)~(890.3 + 148.8)mg/kg 1 2. 2

5 A it 7 A S S S R H R R T A R S (432.8 + 35.1)~(744.4 + 252.4)mg/kg FHIKZ ,
RIR PR MR LR AT IR JEFITR & B M LoRTR & AR [ (R ~(5.5 £3.7)mg/kg]. R
kiR, 3L 9 A MR, (A L EFEAREE IS 8. DORMRME DR & i A R 22 57 oK1k W 2%
HDORRR (R 1), 5 MRS USERIR S KFA, HE 6 Bl HLER Y R ) 22 55 2k
T (1 897 +536)~(3 248 + 1 093)mg/kg, Wi 41 K (P<0.01),

1 TERMHZHERIFNERAS SE (mg/kg)

Table 1 Concentrations of organic acid components in litchi fruit from different cultivars(mg/kg)

wa AP o B G BR FREB AR %3 ke #R AFARBR IR R % LR BB
Ak GW 1469+ 6474+ 32478+ 1488+ 7357+ 34 £ 2189+ 2711+ 713+ 55533 %
14.8 150.3 1062.5 40.8 538.0 0.5 129.4 102.4 37.6 1063.9
A 1787+ 8903 + 32087+ 5782+ 7444 = 55+ 299.0 £ 2778 + 473+ 74823 +
FzZX 11.3 148.8 858.4 105.0 252.4 3.7 376.1 102.0 26.2 11419
AR 1057+ 6227+ 249879 2707+ 6747 = 42 + 11582+ 6575 + 61.7+ 46535 +
NMC 13.6 114.5 +707.2 133.1 474.5 1.7 33.6 37.4 28.4 960.4
kA 1316+ 6636+ 25642+ 337.8+ 4328+ 45+ 2122+ 213.6 546+ 4793.0 =
XJF 14.8 172.0 624.4 37.3 35.1 0.2 123.9 63.2 18.3 803.3
LA 1248+  639.6+ 18976.5 3695+ 5347 32+ 4022+ 198.7 £ 597+ 41458 =
JGHN 14.5 124.2 + 535.7 91.6 275.4 0.3 161.4 62.7 19.1 592.8

FF1E £ 5+ <0.0001  0.0038 0.0100  <0.0001  0.2219 0.1337  <0.0001 <0.0001  0.3032  <0.0001
P1a

b5 i A 0 AT HLRR K B (T 3) 3647 43 T B —
SRR A AT HLRRALSY , (AT HLRR Bt Y cram ownm  ennm
42.9%~61.7% , I LIEVR A9 30 R MR o5 Mo e iy, Il T "
SR ARG 350 7 W 7 B2 T R AR R B ="
SOOI £ AU 0 1 T R AL T4 SR 1
HHLRA Sy, G AR RS 11.7%~15.4% , LA
I 2T v BB G, 2R W AE 9.0%~
14.5% 22 18] 4 KM 0 5 25 10 AL 6 26 1 e AG
BER &7 L TE 4.6%~15.5%35 [l , LA U 58 B #r 58 1R
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2), AFEEFE R Asn Glu Fl Cys & & 2 575 Kk
WE AR, HE i s A SR S R A B 2
5 (P<0.05), 1 ,GABA 8¢ Ala J2& 5 135 B b

SR T OB LR, S e A

R2 TREMHERRIHESEERSE (mgkg)

H Y 25.1%~33.9%F1 17.6%~29.2% , X 5 XHK[33]
7R (AR BUR T far A | OB 228 R0 0 ) SRS i 3
BRI B B IR N GAGA 5 Ala —3X,

Table 2 Concentrations of free amino acids in litchi fruits from different cultivars (mg/kg)

BOL B AR ok GW 2 F % FZX A5 Kk NMC Wik A XJF F K445 JGHN  SAh 1) £ 53 PR
P—Ser 124+22 18.8 +3.0 13.4+3.1 129+ 1.1 11.7+2.0 0.0004
Tau 1615 1.8+ 1.1 0.6 +0.7 0.8+0.6 02+0.5 0.0044
Asp 210.5 +39.2 2474 +24.5 200.4 +42.3 198.6 + 17.0 169.9 +32.9 0.0018
Thr 30.7 +6.3 24.8 + 4.6 29.7 +3.7 233+53 36.7+4.2 0.0006
Ser 115.0 £37.6 1773 +13.4 71.1 +20.9 51.9+7.0 753 +13.0 <0.0001
Asn 54.6+13.8 56.3+9.2 52.4+12.6 412+17.6 475+11.5 0.1601
Glu 236.5 +229.6 85.7 £53.4 127.1 £53.6 139.4+91.0  1182+101.9 0.2113
Gln 261.9 +81.6 255.6 +57.5 184.4 + 87.6 1643 £37.1  156.7+155.3 0.0030
Sar 13.1+2.6 193+2.4 13.5+2.1 11.6=+1.1 11915 <0.0001
a-AAA 24472 23.0+6.0 233+85 448 +12.4 27.2+8.1 0.0105
Gly 359+113 62.8 +13.0 31.2+6.4 30.1+7.9 34.4+4.7 <0.0001
Ala 693.3+1226  797.0+1069  641.3+1263  950.7+187.4  821.5+170.4 0.0058
Cit 0302 55£52 0.2+02 0.1+0.1 0.0+0.1 <0.0001
a—ABA 4421 16.4 +2.6 39+1.0 14915 44+23 <0.0001
Val 112.0 + 28.4 198.7 £20.3 91.5+11.8 126.4 +19.3 96.5 + 14.5 <0.0001
Cys 1.5+2.1 112+52 0.4+0.3 72+3.1 0.4+0.3 <0.001
Met 92.4 +29.4 90.8 +21.6 37.1+31.9 514 +12.1 8.7+10.4 <0.0001
Cys 1.1+04 1.7+22 0.9+04 0.9+02 1.0+0.7 0.6154
Tle 38.6+18.9 67.7 = 10.5 299+5.6 120.2 +22.3 37.0 £ 26.0 <0.0001
Leu 27.4+ 149 36.6£9.0 21.0+82 17.6+7.9 213 +6.7 0.0111
Tyr 29.0+6.8 39.0 £ 12.1 273 +7.1 182+42 29.6 £ 6.1 0.0038
Phe 149 +8.2 110.5+29.8 31.0+11.6 56.3 + 14.6 30.0 + 6.6 <0.0001
B-Ala 8.8+2.5 10.5+2.4 8115 16.1 £3.1 10313 0.0009
GABA 906.1 +214.3 134432160 903.0+161.9 896.1+1032  890.1 +237.5 0.0001
Orn 2112 14+1.0 49+19 34+18 58+3.5 0.0026
Lys 61.8+13.7 437 +4.7 50.8 9.1 49.0+5.0 444 +3.7 0.0003
Mehis 304 +11.4 38.9+95 39.9+7.6 34377 273 +11.7 0.0154
His 142 +5.1 223 +6.6 11.5+3.1 10.6 +2.3 12.1+2.4 0.0004
Arg 1154 +37.3 222.0 +59.0 133.9 + 110.8 86.8 +21.3 495+ 174 <0.0001
Pro 366.9 +149.4 4583 +73.7 105.9 + 128.7 38.8 7.1 87.7 +54.8 <0.0001
FLHR 7 B R R B R . AR Banf,

H R S AR 28 2R (18] 4) ,5 A3 Bkl A Lok 2 2

2.4

R & B BAAAE W 22 7 (P<0.0146) . KUK 24 JE R

W5 A A R A LU R R R i A, e IR
o EEOR G IR I 2 G TSI B AR R S
e A ER , RHOR AT R S S R % i 0 3 T

A [5) XU R 490 Jo Xof 75 5% % ok Y 53 ik

1T AN [ RUBR AL 5 90 1) R0 B AN R, T P
2SR B KR o R R R AR A L
(B, B DT HR R 1 Ok A 25 Lk IKUBR 19 BTk, 3% 3
B 4 75 B[R] 3% R W T ) ST R BE B B SR A [ i
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iz =Asp+Asn+Glu+Gln; #lf bk & 3 2 =Thr+Ser+Gly+Ala+Pro+
Met; 7k 2 3 k= His+Val+lle+Leu+Phe+Lys+Tyr+Arg,
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Fig4 Comparison of total free amino acid and flavor

amino acid contents in litchi fruits from different cultivars

7 A SR S B o RS RURA], (A& X 5 A4
T S it e ) R T R i K ) AR R, Tk
BEAE T34 35 28.5, W3 1 T4 4 0 (15.9) Fi 2R
W5 (9.1) (P<0.01) X F#I R 2 FE R , %) 75 A2 ik
(1 BRI /N T 3 FOBEAL 43,5 A5 A R Y
W 2 LR 25 DA Ala B BR Tk (0.71) i, 2
BT HE 5 711(0.01~0.10,P<0.01) , #E R4 FE 1R
L5 AN Z R R L Glu 9 i bk 5T ik B K, BT
BREE(E  0.80, & THE 3 Fhf IR Z FE MR 1Y
(0.01~0.08,P<0.01) , X T 7 B 5 4 Jit , LA Val
5 B BTk A i, HL DT R EAE (0.05) B S T
Tyr(0.04) F1 1le (0.04) (P<0.01) , J& P # 3 & 3%
e S R A (<0.01~0.02, P<
0.01), SR, BRAEM A Glu 4b, iR 45 dh AL 5L

R 3 N[ M F A SR SEIXURK 490 5 TR B 53 AR A A

Table 3  Concentration—over—threshold factors of taste amino acids and organic acids in fruits of different litchi cultivars

Wk Ay AR SRS A R R A ik FRAE AHBAEY
ek DR 17.2° 19.3% 11.4% 13.4% 12.9* 15.9%
R Ve 30.1* 35.6" 20.5" 23.6 23.5% 28.5"
FEAE 9.8¢ 3.9¢ 13.7% 9.3¢ 10.9¢ 9.1¢
Thr 0.01¢ 0.01" 0.01° 0.01% 0.01* 0.01°
Ser 0.04¢ 0.07¢ 0.03" 0.02° 0.03* 0.04*
Gly 0.02¢ 0.03% 0.02° 0.02* 0.02* 0.02*
Ala 0.65* 0.75* 0.60* 0.89* 0.77* 0.71*
Pro 0.13" 0.16° 0.04° 0.01° 0.03* 0.10°
Met 0.12° 0.12° 0.05" 0.07" 0.01* 0.09*
RS Asp 0.08" 0.09* 0.08° 0.07* 0.06* 0.08°
Asn 0.01° 0.01* 0.01° 0.01° 0.01* 0.01°
Glu 1.34* 0.49* 0.72* 0.79* 0.67* 0.80*
Gln 0.04* 0.03* 0.03* 0.02* 0.02* 0.03*
R Val 0.05* 0.08* 0.04* 0.05° 0.04* 0.05*
Tyr 0.04° 0.05° 0.04* 0.03¢ 0.04* 0.04°
Ile 0.03¢ 0.05" 0.02% 0.09* 0.03* 0.04%
Leu 0.02° 0.03¢ 0.01% 0.01° 0.01¢ 0.02¢
Phe <0.017 0.01" <0.01® 0.01% <0.01%" 0.01™
Lys 0.01% <0.01% <0.01® <0.01* <0.01% <0.01%
Arg 0.01% 0.02% 0.01® 0.01* <0.01%® 0.01°
His <0.01% <0.01% <0.01” <0.01% <0.01” <0.01"
FlA o T GABA 453" 672" 451" 448" 445° 4938
F B SO 0 R ek
S B G BR 14.77* 20.32* 14.21* 15.14* 14.59* 15.97*
FR B 6.56" 6.49° 5.05° 5.13% 3.38% 5.80°
3 6.16" 6.23% 5.65° 3.99%¢ 4.22% 5.56°
Lk 0.01° 0.02" 0.01° 0.01” 0.01¢ 0.01°
A A R 0.60<" 2.32¢ 0.42° 0.69® 0.62¢ 0.98"
IR 20 BR 2.61¢ 6.19° 2.01° 1.92% 2.67% 3.23¢

TE R P RSB b RS TR A AR R % R R 7E P<0.01 2853 %,
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Table 4 Comparison of Litchi fruit quality and flavor for different cultivars
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¥ Kk NMC 170.7 +4.0 384+7.6 32.5+79 1.74 + 0.66 255+1.12
it & XJF 168.7 = 11.1 34.8+7.6 31.1+6.5 2.15+0.21 236 +0.17
H# K 4045 JGHN 161.1 £21.1 41.7+4.5 36.1 £4.1 2.49 + 0.87 3.39 + 0.69
) £+ PAL <0.0001 0.0002 0.0001 0.032 0.0002

ANFE AT E AR FEER (P<
0.0001 ), Mk ry &R & & L 3k 192.7 £ 107, 4+
Z(184.0 £ 8.8) I Z , K KW (170.7 + 4.0) F I 4
ZIKR(168.7 = T LAY M2 AN R 161.1 £21.1,
st o [E) I /B R A A 0 3 25 5 (P=0.0002) , LT
B £ 1) TR d i (417 = 4.5) KoK ik 2
(38.4£7.6), RIG MR (36.5+7.5) Fifili#kZE
(31.1 £6.5) , i FRAEM(25.6 £ 4.7) , A [A] 5 A A
Bl SR (] 1) 22 5538 21 5 3 7KF (P=0.0001) , &/
SR = AIHE T R 1 1R > A RS AR R K>l 1 22 >
WP, ok, BRRR AL /4 i B A Wt )2 7
el o XU R AR ) 5T, AN (] SIS 7 ) 5 R R TR
2 ot 5 ) SR S KUK B TE G, TR AT D A A
Xof H A8 2 e KU () GBI R 22— R[] S
T 2 RE R /i A e BE R T A e BRI /vy R R TR
FEAE I 2 22 5% (P 43 91 0.032 F1110.0002) , i/
fief A 52 S 2 LU HE Y Ry Al 7 2 > I i £08 > il 3F
FESHERR KRR RME B/ ok 2 1R O I ) 20K >
REBRS R ARSI E 2S00 T2 %36 4 19 5 AP
FEARUEAT I PIAH SC /T , BR /R R 5 B LR

Z A A7 AE M i 35 TE A 56 A0 (R? = 0.9856% ) | HE
TR A B R

3 itig
31 BHRIXBRKYRAK

AR LR RR 4 4y . AR R AR (BR
Asn Glu F1 Cys &b ) Ko AR 0 3 1R 7 hit 34 A7 AF i Bl
(B 22 5, EL ARG F B R BRI AN
SEAAH IR, 33X R B 7 R A b R AR IR R X
S35 BRI L T 2 I R R i T XU Y OGS TR R X
TSR Y T T U A — SRR () XU 4
TR AN R R AR I A O A R AR AR R A i
Ly A4 s 2 A7 o S SRR 0 R S AR s B b ifg
AIAT A5 1 AR T XU A T 5 A R 1 il 20 PR i =
B, DA 5 B A XU 4 S5 XoF 7 A3 UG 1 BT ik
KT, X 75 A3 A SRR DTk R K, 2 SRR v LA
Ala MVE K, T8 A R X R M 5% i) e K, Glu XiF
i R o1 R A K, Val S B K 1Y% IR SR I, GABA X}
TR TR TR TR RSSO R B TR . R
Z XA [R] RUB  J%F R o Tk Y LA g . T



334 hoE g

[
[215)

i

2023 455 6

GABA ZAHFE 4 A i B 7 BOR 52 5% o fe L S
A it o 727 5 SR S XU T R A e e 11 i A iR
PR b s 0/ T LA Sy A 7 A T R 1) R AR A I
AR XU I 2 5 A R Sl R XU 1) G ey S Sk
fifi o B0 FARR S AN ORI A AR T R F vk 1) — A
AR, DA BN KU S 7R ) 1) Ff X KA Sl T4
WA 2 Val F1 GABA &R Em THE 44
A 5E
3.2 HBHRELHBERKIEMN

MR 50 KU ot % ok, ABESE 5 A
F B R R UG T A R | B S SRR R
R R R & i 2w T T 4 A5
AL T RERR | T RO/ S 9 0 R 2 i 198 /55 R 4
B W EAR T H T A AR AT
SR B B AT R R RIORR R U X 5 e R
b, DX 385 DA Ay A A RIDRE KR 11 8% XU I F i 72
B LI A 1 o IARIESE R AT AR PF iR 56
R FH VIR L 8 A ok 2 L EL 35 5 4 7 A% b A XU
AN B 58 A1 A

H A& 0 R DA D7 0] o R —
FORREE N | RS AR IR B PR A T
BEVPH ;5 —FORREE AR A YR
ARG BB T PR, i E AR e
Tl G URBE 2 ) B B 2 ST MRS G i B R
Rl E s EAY O et AR A 5 N S B N L P
Tofr 2 5 S S A o5 D XU AT — S fF 5T, = —
AT ZNT AR EM Re bR AR R . AR T
RSN T PR, I D0 SR 50 45 28 KUk ) I
W& it G S N TP R S
PR s A - A IR ER T L A C U PS
FAEAL RN 75 R AR AR IE SR AR, S
Ah AN TS RS IR A
S 22 (E] Y S FR AR [ RE R O PR AR AR HE AR
25 12 5 75 Al SR S T KU PEAN O R0OR

4 4Eig

5 A F5 BRI LA SRR ) T 2
F, Mk Ala.Glu.Val GABA FITH A7 B2 & 75 A%
SRS R KUK 1 DG B S SR A . R RS [RDIE AN 4
B X 5 i 5 A% SR S T KUK T #1145 2R 25 R 3
Ko

2]

3]

[4]

(5]

(6]

(7]

2 % X #

KEE, RRFEVFEM] ARE . WA R AR
AL, 2001: 11-15.

GUAN ] F. Study on fruit quality[M]. Shijiazhuang:
Hebei Science & Technology Published House, 2001 :
11-15.

ALEJO E, WILLIAM C C, DAVID M S. Nutrient—
sensing mechanisms and pathways|J]. Nature, 2015,
517(7534): 302-310.

KOCADAGL T, OZDEMIR K S, GOKMEN V. Ef-
fects of infusion conditions and decaffeination on
free amino acid profiles of green and black teall].
Food Research International, 2013, 53(2). 720-725.
LIU Y L, ZHANG X J, ZHAO Z Y. Effects of
fruit  bagging on anthocyanins, sugars, organic
acids, and color properties of ‘Granny Smith” and
‘Golden Delicious” during fruit maturation[J]. Euro-
pean Food Research and Technology, 2013, 236
(2): 329-339.

FUE, MO, PREAR, S b RUEGER AR
SEHY RULR B 52 RV 5[] b E AR, 2010,
43(11): 2300-2306.

WANG H B, LI L. G, CHEN X S, et al. Flavor
compounds and flavor quality of fruits of mid-season
apple cultivars|[J]. Scientia Agricultura Sinica, 2010,
43(11): 2300-2306.

INLFE, MER, BEE, FOKE25¥RRN
FROE A TR M R P R AT D], B AR B, 2012,
33(5): 53-57.

SUN L J, GUO Y R, LI J J, et al. Analysis of
regional characteristics of free amino acids in pulp
of "Nagafu 2" apples from different habitats[J]. Food
Science, 2012, 33(5): 53-57.

DI MARO A, DOSI R, FERRARA L, et al. Free
amino acid profile of Malus domestica Borkh cv.
Annurca from the Campania Region and other Ital-
ian vegetables [J]. Australian Journal of Crop Sci-
ence, 2011, 5(2): 154-161.

i, BEIN, RAK, . RIEDR IR R BTR 5
BT 2H 73 & W R s RO DT 9EL)). TR 2022 4, 2006, 33
(1): 6-11.

NIU J, ZHAO J B, WU B H, et al. Sugar and
acid contents in peach and nectarine derived from

different countries and species[J]. Acta Horticulture



236 Hol

M 3 B e AP R 5% S i Rk 4 4 Vb 4R

335

[10]

[11]

[12]

[13]

[14]

[15]

Sinica, 2006, 33(1): 6-11.

CULITRN SO [ BIESY R Y 1 S i 1o VT ) R N
FREF A, 2004, 21(3): 63-66.

ZHONG S M, HE 7 B. Analysis of nutrients of
Prunus persica CV. Heitao fruit[J]. Journal of Zhe-
jiang Forestry College, 2004, 21(3): 63-66.

EFF, KA, B, AR AP EIE R A LS &
O HE IR S KR R )] &R, 2012, 33
(16): 204-207.

WANG Q, ZHU W W, SU D, et al. Effects of
amino acid composition and contents on nutritional
value and flavor in rose apple fruits[J]. Food Sci-
ence, 2012, 33(16): 204-207.

MR, WEREBE, ERE, S8 DI SSHIAE & A Y
R 41 o3 o B RCRRAE O SE[I]. R Ak, 2021, 38
(2): 202-211.

LIN M, YAO Z L., WANG T Y, et al. A study on
the components and characteristics of sugars and
acids in 8 hybrid citrus cultivars[J]. Journal of Fruit
Science, 2021, 38(2): 202-211.

BLEPE, ZEH, WM, S PR TR kA
Az =SR2 G I AL AR i B A SR R[] AR PR
KRR, 2020, 39(2): 122-132.

LI X Q, CALI Y, PAN S Y, et al. Analysis of free
amino acids in citrus by gas chromatography after
isobutyl chloroformate second derivatization[J]. Journal
of Huazhong Agricultural University, 2020, 39(2):
122-132.

WANG H C, HUANG H B, HU Z Q. Sugar and
acid compositions in the arils of Litchi chinensis
Sonn.: cultivar differences and evidence for the ab-
sence of succinic acid[J]. The Journal of Horticultur-
al Science and Biotechnology, 2006, 81(1):57-62.
TeJ7, HmcHE, Jrek, S TRINCRE g AT R
4y BT 5 B A B AL B T B, 2013, 34
(24). 355-358.

QIAO F, HUANG L L, FANG C F, et al. Taste
characters and hedonic study of three popular ly-
chees (Litchi chinensis Sonn.) in Shenzhen[J]. Sci-
ence and Technology of Food Industry, 2013, 34
(24). 355-358.

TR, KU, LA, TR AGRAN k-
= DR A B IR B A DU B AR A 10 A
MLER & i [)]. A 255274, 2019, 21(3). 359-365.
WANG S W, LIU Y P, WANG X N, et al. Deter-

mination of ten organic acids content in fresh litchi

[16]

[17]

[18]

[19]

[20]

(21]

[22]

based on high performance liquid chromatography
with triple quadrupole mass spectrometry technique
[J]. Chinese Journal of Pesticide Science, 2019, 21
(3): 359-365.

WHEA, AR, e E, % RN RSO G
0 2 AL 10 R AT ALERJ]. IAR A R,
2009, 25(5): 568-570.

HUANG G Y, BAI W D, YANG Y H, et al. De-
termination of ten organic acids in lychees by re-
versed phase high performance liquid chromatography
[JI. Modern Food Science and Technology, 2009,
25(5): 568-570.

WA, Whan b, FEA, S AN AR AR S
BEEM A HT[]]. &SR, 2011, 32(16): 249-
252.

YANG B M, YAO L X, GUO B, et al. Analysis
of free amino acids in litchi fruits from different
cultivars|J]. Food Science, 2011, 32(16):. 249-252.
VROUE , &8, SR, S5 RS R AA R B
PE S R o A [T]. b B e e, 2013, 13
(5): 198-210.

CHEN H J, CAO Y, GAO H Y, et al. Quality
properties and cluster analysis of different litchi cul-
tivars[J]. Journal of Chinese Institute of Food Science
and Technology, 2013, 13(5).: 198-210.

VEARER, 80, SR s ROHRE (0 % 12 I 5 7 BOR S
W By AR L)]. FranREEE, 2004, 25(12): 156-159.
XU B Q, YANG J. Study on free amino acids in
litchi varieties by RP-HPLC[J]. Food Science, 2004,
25(12): 156-159.

LIAO L, DONG T T, QIU X, et al. Nitrogen nu-
trition is a key modulator of the sugar and organic
acid content in citrus fruit[J]. PloS One, 2019, 14
(10): e0223356.

SGER, BSCOF, B, S B0 X b R
SRS A TR B SRR AR R S M (] Al TR
i, 2019, 35(10): 281-290.
GUO Z G, LI W F, MAO ],

potassium fertilizer on endogenous hormone content

et al. Effects of

and acid metabolism in fruit of apple cv. ‘Red De-

licious”[J]. Transactions of the Chinese Society

of Agricultural Engineering, 2019, 35(10). 281-
290.

Be)™4x, BhA, WM, SF. LR AWM SR
I S B B A FLEORTT]. i R #v Rk, 2020
(6): 112-115.



336 hE | % 2023 445 6 1]
CHEN G Q, ZHONG S, FENG S H, et al. Intro- guided identification of (S)-malic acid 1-O-D-glu-
duction performance and supporting cultivation man- copyranoside  (morelid) and gamma —aminobutyric
agement techniques of “Xianjinfeng” litchi[J]. China acid as contributors to umami taste and mouth—dry-
Tropical Agriculture, 2020(6): 112-115. ing oral sensation of morel mushrooms (Morchella

[23] ™ AAT, AR, BRAL, S5 OADURIR BN deliciosa Fr.)[J]. Journal of Agricultural and Food
vl IR R Z0KE (D). e 2, 2011, 38(1): 189- Chemistry, 2005, 53(10): 4149-4156.

190. [B1] HEuni, kdkz=, FIRZ. AR 73 SOH RS K R Kk
YE Z X, HU G B, CHEN J Z, et al. A new late- W2 W AFSE 0 e )], SRA 224, 2015, 32(2): 304-
maturing litchi cultivar “Jinggang Hongnuo” resistant 312.

to fruit cracking|J]. Acta Horticulturae Sinica, 2011, ZHENG L J, NIE J Y, YAN Z. Advances in re-
38(1): 189-190. search on sugars, organic acids and their effects on

[24] Fr3Ccu. FE I 3235 A% A Bl A P A 5 R PR AR ) taste of fruits[J]. Journal of Fruit Science, 2015, 32
Br——3 T 2011-2013 4E Wi [)]. T~ ZRAOFF (2): 304-312.

2014, 41(11). 233-236. [32] #pfhde, EHEB, BEF, . AR5 B S
QI W E. Analysis of production scale and efficiency B i A L ER D] R E A= iR, 2012, 33
of main varieties of litchi in China Based on (8): 1398-1402.

2011 -2013 annual data[J]. Guangdong Agricultural YANG Z Y, WANG H C, ZHAO Z C, et al. A
Sciences, 2014, 41(11). 233-236. comparative study on the sugar accumulation and

[25] FESF. F AT bh R SEME 43 BUBR 25 e oG HESE IR 1Y composition in the aril of litchi from different re-
GHRIE[D]. | ERFL K, 2018 9-10. gions[J]. Chinese Journal of Tropical Crops, 2012,
WANG D. Screening of key enzyme genes related to 33(8): 1398-1402.
sugar metabolism in different litchi cultivars [D]. [33] kpkity, Whkmiwt, ZFER, 5. ASHEGSFHERRA
Guangzhou: South China Agricultural University, i = I e = R o i | s R (7 R
2018 9-10. 2014, 35(6): 1228-1234.

[26] WHERE, EIUE, WIS, WSO (@ I 75 A YANG B M, YAO L X, LI G L, et al. Analysis
OB R A4l ClJ] SR AER, 2005, 22 of amino acids and aromatic components of pulps for
(5): 582-585. different litchi variety[J]. Chinese Journal of Tropical
HU Z Q, WANG H C, HU G B. Measurement of Crops, 2014, 35(6): 1228-1234.
sugars, organic acids and vitamin C in litchi fruit [34] APREA E, CHARLES M, ENDRIZZI 1, et al
by high performance liquid chromatography[J]. Jour- Sweet taste in apple: the role of sorbitol, individual
nal of Fruit Science, 2005, 22(5). 582-585. sugars, organic acids and volatile compounds [J].

[27] WM, SR, R, 5. ORI TR Scientific Reports, 2017, 7(1): 44950.

ST B E R AL ()] AR, 2011, 32(12): [35] GUAN Y Z, PEACE C, RUDELL D, et al. QTLs
269-273. detected for individual sugars and soluble solids
CUL S S, HU Z Y, YU K, et al. Amino acid content in apple[J]. Molecular Breeding, 2015, 35
composition of Feizixiao litchi juice from different (6): 135.

geographic origins[]J]. Food Science, 2011, 32(12): [36] MALUNDO T M M, SHEWFELT R L, WARE G
269-273. O, et al. Sugars and acids influence flavor proper-

[28] AMERINE M A, PANGBORN R M, ROESSLER E ties of mango (Mangifera indica)[J]. Journal of the
B. Principles of Sensory Evaluation of Food[M]. New American Society for Horticultural Science, 2001,
York USA: Elsevier Science, 2013. 613. 126(1): 115-121.

[29] HUFNAGEL J C, HOFMANN T. Quantitative recon- [37] XA, MG, BOKEE, . B RIONm & a
struction of the nonvolatile sensometabolome of a red UK A 4 75 By By 28 A S L 5 i el s v b 2 1
wine[J]. Journal of Agricultural and Food Chemistry, A 26 5 R )], R E R BE2E, 2013, 46 (19):
2008, 56(19): 9190-9199. 4110-4118.

[30] NINA R, ANDREAS D, THOMAS H. Activity - LIU Y C, TAO C G, WEI Y X, et al. Fruit sugar



H23% oM AT 3 A T A R 52 S SRRk AR JL AR .

and acid content, variation at different fruit devel- [43] TIAN H Z, FENG T, XIAO Z B, et al. Compari-
opment stages and their relationship with leaf solu- son of intensities and binary interactions of four ba-
ble sugar content of blueberry|J]. Scientia Agricultura sic tastes between an electronic tongue and a human
Sinica, 2013, 46(19). 4110-4118. tongue[J]. Food Science and Biotechnology, 2015,
[38] #Rfiz, #ae, XK, 5. AR RR SR 24(5): 1711-1715.
R 20 B 5 i o A ()] VE AL AR AR R R 2 i (A R [44] WANG K, ZHUANG H, BING F, et al. Evaluation
Bh2FRR), 2011, 39(10): 163-170. of eight kinds of flavor enhancer of umami taste by
LIANG J, GUO Y, LIU Y L, et al. Analysis of an electronic tongue[J]. Food Science & Nutrition,
contents and constituents of sugar and organic acid 2021, 9(4): 2095-2104.
in different apple cultivars[J]. Journal of Northwest [45] YANG Z W, MIAO N, ZHANG X, et al. Employ-
A & F University (Nat. Sci. Ed.), 2011, 39(10): ment of an electronic tongue combined with deep
163-170. learning and transfer learning for discriminating the
[39] RUAN J, HAERDTER R, GERENDAS J. Impact of storage time of Pu—erh tea[]]. Food Control, 2021,
nitrogen supply on carbon/nitrogen allocation: a case 121: 107608.
study on amino acids and catechins in green tea [46] KALIT M T, MARKOVIC K, KALIT S, et al. Ap-
[Camellia sinensis  (L.) O. Kuntze| plants[J]. Plant plication of electronic nose and electronic tongue in
Biology, 2010, 12(5). 724-734. the dairy industry [J]. Mljekarstvo, 2014, 64 (4):
[40] BRYAN J. Psychological effects of dietary compo- 228-244.
nents of tea: caffeine and L —-theanine[J]. Nutrition [47] PERIS M, ESCUDER-GILABERT L. A 21st century
Reviews, 2008, 66(2): 82-90. technique for food control: Electronic noses|J]. Ana-
[41] CAUTELA D, DE SIO F, BALESTRIERI M L, et lytica Chimica Acta, 2009, 638(1): 1-15.
al. Amino acids, betaines and related ammonium [48] RAPTIS C G, SIETTOS C I, KIRANOUDIS C T,
compounds in Neapolitan limmo, a Mediterranean et al. Classification of aged wine distillates using
sweet lime, also known as lemoncetta Locrese [J]. fuzzy and neural network systems[]J]. Journal of Food
Journal of the Science of Food and Agriculture, Engineering, 2000, 46(4). 267-275.
2020, 101(3): 981-988. [49] ZHANG Y, JIA S, ZHANG W. Predicting acetic
[42] HA D, SUN Q, SU K, et al. Recent achievements acid content in the final beer using neural networks
in electronic tongue and bioelectronic tongue as taste and support vector machine[J]. Journal of the Insti-
sensors[J]. Sensors & Actuators: B. Chemical, 2015, tute of Brewing, 2012, 118(4): 361-367.

207: 1136-1146.
Comparison on Fruit Quality and Flavor of New and Fine Litchi Cultivars

Zhu Yongcong, Cui Zixiao, Xu Han, Wei Zenghui, Zhang Jiawen, Bai Cuihua, Yao Lixian®
(College of Natural Resources and Environment, South China Agricultural University, Guangzhou 510642)

Abstract Sugar, organic acid and free amino acid are vital indicators not only for fresh fruit, but also for fruit pro-
cessing. The profile of sugar and organic components, and free amino acids for five traditionally fine and new litchi
(Litchi chinensis Sonn.) cultivars including Guiwei, Feizixiao, Nuomici, Xianjinfeng and Jingganghongnuo were investi-
gated, and then the characteristics of fruit quality and flavor were compared among cultivars, with the target to promote
fruit quality evaluation, fruit processing and industry optimization in litchi. Twenty two litchi orchards in the main pro-
duction areas of Guangdong, Guangxi and Fujian were selected, where total 52 matured fruit samples from 5 litchi culti-
vars were collected. All flesh of matured fruit samples that peeled off peels and seeds, soaked in liquid nitrogen, ground
into pulp by a mill and store for later determination. High performance liquid phase (HPLC) method was used to deter-
mine sugar and organic acid components. Ninhydrin post column derivatization method was adopted to analyze amino acid

profile by automatic amino acid analyzer (8800 Hitachi). Further, the quality and flavor of the five cultivars were com-
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pared. The results showed that glucose, fructose and sucrose were determined as the sugar components of litchi. Among
them, ‘Guiwei’, “Xianjinfeng” and “Jingganghongnuo” belonged to sugar component balanced cultivars, however, Feizixiao
and ‘Nuomici” were identified as reducing sugar accumulation type and sucrose accumulation type, respectively. Besides,
by comparing the sugar content of different cultivars, the three sugar components of each cultivar could be perceived by
humans. Three sugar components of all varieties can be perceived. Nine kinds of organic acids were observed in all litchi
cultivars. Malic acid was the main organic acid component, followed by tartaric acid or acetic acid, and maleic acid was
the minimum. However, only a small amount of samples in all litchi cultivars could detect low content of maleic acid,
and most of them were not detected. Litchi fruits contained 30 free amino acids, and gamma-—aminobutyric acid (GABA)
or alanine (Ala) was the maximum ingredients. There were significant differences for the contents of sugar and organic
acid components, free amino acids (with the exception of asparagine (Asn), glutamate (Glu) and cysteine (Cys)) and
taste amino acids (with the exception of umami amino acids) among cultivars (P<0.05). The contents of total organic
acid and most organic acid components, total free amino acids, sweet and bitter amino acids in “Feizixiao” are signifi-
cantly higher than those in all the other four cultivars. Fructose was the greatest contributor to sweetness of litchi fruit,
irrespective of cultivars, with significant higher contribution values than those of the other two sugar components (P<
0.01). The contribution of sweet amino acids to sweetness of litchi fruit was much lower than that of the three sugar
components, but Ala contributed most to the sweetness among free amino acids. The most contributors of umami and bit-
ter tastes were Glu and valine (Val), and tartaric acid was the greatest source of sourness taste. What’s more, GABA
contributes greatly to astringency. Since significant differences in sweetness values, sweet/sour ratios, sugar/acid ratios, u-
mami/sweet amino acid ratios and sweet/bitter amino acid ratios were observed among cultivars (P<0.05), the quality and
flavor of the five cultivars considerably differed by these indexes. In conclusion, the contents of various flavor substances
in litchi fruits of the five cultivars are significantly different. Fructose, Ala, Glu, Val, GABA and tartaric acid are the
key ingredients for the unique flavor of litchi fruits. Great variation is found in the quality and flavor of litchi cultivar as
assessed by different evaluation indexes. It shows that it is still necessary to investigate the typical evaluation indicators
for litchi in the future.

Keywords Litchi; sugar; organic acid; free amino acid; evaluation index



