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Abstract: [ObjectivelLitchi (Litchi chinensis Sonn.) has been cultivated in China for more than 2 300
years, and its cultivated area and yield have always ranked first in the world. After a long period of natu-
ral selection and artificial cultivation, a large number of ecotypes and local varieties of litchi have been
reserved in China, with abundant germplasm resources. To explore and study phenolic substances and
their antioxidant capacity in fruits and vegetables has become a common concern in food, medicine and
other fields. Litchi has been regarded as a good nourishing produce since ancient times. Its pulp is rich
in polyphenols, vitamin C and other functional nutrients, with high antioxidant capacity. At present, li-
tchi is rich in polyphenols, vitamin C and other functional nutrients, but the research on its functional
nutrition is mainly focused on the by-products such as pericarp and core, and the evaluation of nutrition-
al function of fruits with different litchi varieties is less systematic at present. The main purpose of this

study was to evaluate the functional quality of litchi germplasm resources and provide theoretical basis
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for the selection of antioxidant germplasm. [Methods] The contents of polyphenol, flavone and vitamin
C in the pulp of 35 litchi varieties were compared, the differences in antioxidant capacity of each vari-
ety were analyzed from the following three aspects: Ferric Ion Reducing Antioxidant Power, DPPH
Scavenging Activity and Oxygen Radical Absorbance Capacity, and the correlation analysis and cluster
analysis were used to compare and classify the antioxidant capacity of each variety. [Results](1) The
contents of polyphenol, flavonoid and vitamin C were significantly different among different litchi vari-
eties (p << 0.01). Free phenols mainly existed in free form, the contents of free phenols, binding phe-
nols and total phenols were 64.92-173.64, 2.01-23.45 and 69.74-186.22 mg- 100 g with the coefficient
of variation being 21.47%, 43.43% and 21.36%, respectively; and the content of free phenols was
81.5%-97.76% of total phenols. The total flavone content was 73.44-331.52 mg- 100 g, with a coeffi-
cient of variation of 40.15%; vitamin C content was 6.00-56.33 mg- 100 g' with a coefficient of varia-
tion of 38.39%; DPPH clearance capacity was 71.78%-99.61% with a coefficient of variation of 7.63%;
FRAP was 1.18-10.10 pmol - g with a coefficient of variation of 45.29%; ORAC was 0.97-39.72 pmol -
g ' with a coefficient of variation of 47.77%. (2) The correlation analysis showed that the contents of
free polyphenol, total phenol and total flavone in pulp were very significantly positively correlated with
FRAP and ORAC (p < 0.01), vitamin C content was positively correlated with FRAP (p << 0.05), but
not with DPPH and ORAC (p > 0.05). The correlation coefficient showed: free polyphenols > total
phenols > total flavonoids > ORAC > FRAP >binding polyphenols > vitamin C > DPPH clear-
ance capacity. (3)According to the contents of functional substances and the level of antioxidant activi-
ty, 35 litchi varieties were divided into four categories by cluster analysis. The first category included
seven varieties, i.e., ‘Feizixiao” ‘Lvsha’ ‘Hongxiuqiu’ ‘Jingganghongnuo’ ‘Lingfengnuo’ ‘Jinbaoy-
in” and ‘Zhuangyuanhong’, and the feature of this category was of the highest contents of total poly-
phenols, free polyphenols, total flavonoids and the highest level of antioxidant activity of FRAP and
ORAC, but lower vitamin C content and DPPH scavenging ability. The second category included 15 va-
rieties, such as ‘Diwangnuo’ ‘Xiyuangualv’ ‘Huaizhi’ ‘Chouzhinuomici’ ‘Guiwei’ ‘Tianyan’ ‘Hei-
zhenzhu’ ‘Shuijinggiu’ ‘Nuomici’ ‘Feicui’ ‘Miaozhongnuo’ ‘Caomeili’ ‘Xianpoguo’ ‘Xianjin-
feng’ and ‘Jizuinuo’, which was characterized by high contents of total polyphenols, free polyphenols,
binding polyphenols, total flavonoids and strong level of DPPH scavenging ability and oxygen radical
absorbance capacity, but low reduction ability of iron ions and the lowest content of vitamin C. The
third category included six varieties, containing ‘ Yujinqiu’ ‘Baila’ ‘ Yanzhihong’ ‘Xuehuaizi’ ‘Beiyu-
anlv’ and ‘Lingshanxiangli’, which was characterized by the lower contents of total polyphenols, free
polyphenols , binding polyphenols and lower level of Oxygen Radical Absorbance Capacity, and the
lowest level of DPPH scavenging capacity and reduction ability of iron ions. The fourth category includ-
ed seven varieties, such as ‘Ziniangxi’ ‘Xiangmili’ ‘Sanyuehong’ ‘Baitangyin’ ‘Hexiachuan’ ‘Shui-
dong’ and ‘Heiye’, which was characterized by the lowest content of total polyphenols, free polyphe-
nols, combined polyphenols, total flavonoids and the lowest level of ORAC, but high level of FRAP
and the highest level of DPPH scavenging capacity and vitamin C content.LConclusion]There were sig-
nificant differences in antioxidant capacity among different litchi varieties (p < 0.01). Polyphenols and
flavonoids were important antioxidants in litchi pulp, while vitamin C was not closely related to the anti-
oxidant capacity of litchi pulp. ‘Feizixiao’ ‘Lvsha’ ‘Hongxiuqiu’ ‘JingganghongNuo’ ‘Lingfengn-
uo’ ‘Jinbaoyin’ and ‘Zhuangyuanhong’ were the varieties with high contents of polyphenolsand flavo-

noids as well as the strongest antioxidant activity, while ‘Ziniangxi’ ‘Xiangmili’ ‘Sanyuehong’ ‘Bait-
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angyin’ ‘Xiahechuan’ ‘Shuidong’ and ‘Heiye’ were the varieties with the lowest polyphenol and fla-

vone contents as well as the lowest antioxidant capicity (ORAC). These studies can provide on only the

basis for further study on the functional activity of litchi polyphenols, but also the direction for the ap-

plication of functional components of different litchi varieties and the selection of new litchi varieties

with high antioxidant activity.
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Table 1 Sample sources of 35 litchi varieties
i ‘5 No f Pl 44 FK Varieties name A Maturity SRS A Harvest site

—

2 — J4I. Sanyuehong
3 JJRJG4L Zhuangyuanhong
4 H B% %% Baitangying
5 4L 75K Feizixiao
6 7K7< Shuidong
7 4K Yujingiu
8 I Heiye
9 M I Baila
10 FER Guiwei
11 2% Lvsha
12 KBk Shuijinggiu
13 35 )fe Feicui
14 i %§ 7 Caomeili
15 AW, Jizuili
16 SRUR T Ziniangxi
17 7 £ 4% Diwangnuo
18 P [E 4% Xiyuangualv
19 A Huaizhi
20 FAR KR KM Chouzhinuomici
21 AMFH Hexiachuan
22 El %4 Tianyan
23 ¥k Heizhenzhu
24 i KM Nuomici
25 21 45Kk Hongxiugiu
26 H: X447 Jingganghongnuo
27 JiFi Miaozhongnuo
28 W% =E% Lingfengnuo
29 Al # 5 Xianpoguo
30 BRARZT Yanzhihong
31 T Xuehuaizi
32 4 {U4R Jinbaoyin
33 1t [ %% Beiyuanlv
34 i3 %= Xianjinfeng
35 R 1L # Lingshanxiangli

7% 7 Xiangmili

24 Early-maturing
FL 4 Early-maturing
124 Early-maturing

1L # Early-maturing
FL#4 Early-maturing

FL 4 Early-maturing

1 #4 Medium- maturing
1 #4 Medium- maturing
13 Medium- maturing
i #4 Medium- maturing
1 24 Medium- maturing
124 Medium- maturing
13 Medium- maturing
i #4 Medium- maturing
24 Medium- maturing
M #4 Late-maturating
i ¥4 Late-maturating

i ¥4 Late-maturating

B 74 Late-maturating

M #4 Late-maturating
M #4 Late-maturating
i ¥4 Late-maturating

B %4 Late-maturating

M 24 Late-maturating

M #4 Late-maturating
M ¥4 Late-maturating

i %4 Late-maturating

H 24 Late-maturating

M #4 Late-maturating
M #4 Late-maturating
M #4 Late-maturating

B %4 Late-maturating
Hf 24 Late-maturating

M #4 Late-maturating

i ¥4 Late-maturating

7% 4 H 1 Dianbai, Maoming

J" N KA Tianhe, Guangzhou

J N, Zengcheng, Guangzhou
J% % B 1 Dianbai, Maoming

J% %, ¥ A Dianbai, Maoming

2 7611 Yuanjiang, Yunnan
kifE2} "] Doumen, Zhuhai

%44 =i Gaozhou, Maoming
14 #i M Gaozhou, Maoming

J M Tianhe, Guangzhou

I N, Zengcheng, Guangzhou
J7IHIE I Zengcheng, Guangzhou
%4 i [ Dianbai, Maoming
B H AR Huidong, Huizhou

J" 7§ R 1l Lingshan, Guangxi
kifE2} 1] Doumen, Zhuhai
ki 2] Doumen, Zhuhai

J7 N8I Zengcheng, Guangzhou
J7 M MAL Conghua, Guangzhou
74 {8 B Xinyi, Maoming

%4 ¥ [ Dianbai, Maoming

J7 NS, Zengcheng, Guangzhou
J M3 Zengcheng, Guangzhou
J N KA Tianhe, Guangzhou

J7 M AW Tianhe, Guangzhou
) # 7R Huidong, Huizhou
B /R Huidong, Huizhou

HJH 24 Huidong, Huizhou
HJH 248 Huidong, Huizhou
J7IHIE Y Zengcheng, Guangzhou
J7 M KA Tianhe, Guangzhou

J M3 Zengcheng, Guangzhou
I N, Zengcheng, Guangzhou
J7 M3 Zengcheng, Guangzhou
74 A6 Huazhou, Maoming

1.3 it$EFR

13.1 %84 % MHE Singleton 25" K] J7 VL TN
sl , AR IR R RZEL 0.0.0.1.0.2.0.3.0.4.0.5
0.6 mL % & T IRAREE R T 10 mL 2 &R, S
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S8 mins M 20% (o) Bk FREAE MR 1.5 mL, #5257,
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JoT B R FE A AR A, TR O B2 D N AR B 5 22 il A 4
2k, 3B 52 y = 108.8 x —0.005(R2 = 0.997) .
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JCREAR, T T B, B mg - 100 gt ROR .
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J5 VR FEmE A % . B FRAP T /E ¥ : 300 mmol -
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FeCly, AFAEL 100101, LA ILAC . B BUR, Foks 2
% J5 » BX 100 uL, il N\ FRAP T{EW 3 mL, B 5]
M. 20 min, T 593 nm 42 EUR G . LA Trolox N
B P o1 22 o) b v il 2, 45 1513 J7 By = 0.040
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iZ /| IBM SPSS Statistics 25 % Al A 46 HdfE it
ITHER AT, 22 5 B B R R FH B R4 OB AR
ZE, R IE 20 BT Rl Pearson A 9G04, B T5 1%
K FH BU/R #8235 S H] Excel 2016 22 B2 . B %
I P EEPRUE R (n=3) KR .

2 AR5

XFT 35 AN S M A R L B iR 2 Y A
2y IRy B SR 4 R C e =R LR
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Z Wy S B U 2 W 4E4E 3 COFRAP,
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BT EE 2R R, 75— 77 T A R S B
TR IR AR R 2 . F RN
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Table 2 Analysis of descriptive statistics and variance

w5 2 ) wEEGZm) wlal) RS2/ R wCRIEED w(EAEFR O
S Free polyphenols/ Combined Total polyphenols/ Ratio of free Total flavonoids/ Vitamin C DPPH/ FRAP/ ORAC/
Parameter (mg-100 g") polyphenols/  (mg-100 g") polyphenols to (mg-100 g") content/ % (umol-g") (pumol-g")

(mg-100 g") total polypheno/% (mg-100 g")

7% Range 108.72 21.44 116.48 16.61 258.08 50.33 2783 892 38.75
% /ME Min. 64.92 2.01 69.74 81.50 73.44 6.00 71.78 1.18 0.97
K AH Max. 173.64 23.45 186.22 97.76 331.52 56.33 99.61  10.10 39.72
¥J{H Mean 112.16 12.46 124.62 90.13 155.21 32.97 9277 433 16.10
bt 2% Std 24.08 5.41 26.62 3.87 62.32 12.66 7.08 1.96 7.69
BIRFKCVI% 2147 4343 21.36 4.29 40.15 38.39 7.63 4529 47.77
F{8 Fvalue 41.008 7.20 46.799 8.747 31.54 5.828 16.285 11.84 7.448
1 E Saliency  0.000 0.001 0.000 0.000 0.000 0.003 0.000 0.000 0.001
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same below.

1 35 ERmitiE s EamER

SEEFPEHESD,n=3)

Fig. 1 Difference of contents of free, combined and total phenols in 35 litchi varieties (mean+SD, n=3)

SEA & AR N 2.01~23.45 mg- 100 g, 3
N 12.46 mg- 100 g', & 55 REN 43.43%. H
‘BB EERE,  ORIFER S ERK, SEES
FMEHE A AT 10 Mk R ER POl 4
BORRARREL G AAR IF LR W 30 AL 2R
CRINEH B A

e RAEED SR SSGm SRR LM,
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Fig. 2 Difference of total flavonoids content among 35 litchi varieties (average+SD, n=3)



o543

TR, 55 35 DR AT A TG PE VA 559

] DM A RS =7
23 HIRYEERCEE

R 35 M AR A A R C HENE S
W 3, AR R C S EENEREEEQ <
0.01) , A8 I N 6.00~56.33 mg - 100 g', *F 11l 9

32.97 mg- 100 g, A& 5+ R E N 38.39%, Hirp 415
e, AE S EBIC. 4R CEER
e FMIRHEAA BT 10 ARG LR ER T IF R Z0R
CEE TR OKER AR EpE R R
7 ORIFH K ERER .

60 p P 4
- - no ol p P
~8 ja Yol p 20 5
o= 40+ o ik ik gk Bk Ok koM
i 2 i b
#HE 5l o o2 ofg f2 B
€3 d de
Y8 2} b be bC °
= E b
S 10 +2
>
0 N
P N T S TN CETEN AT ITI TP LI P FI LS L F DO
&&6\;&@@@3&ﬁ"i@gw“sxq;e‘%%@oﬁo°ﬁ$§°ﬁ°ﬁ°ﬁ§%&%§;&§“@O*@:@\‘}%:;é&l&ii&i@z&%b%&&°§°°§°§&
S & & S (S & SRS SN PSP YT P
% s 0, EF T 5 T UG VR SR AL @ S TP S
TR FSEFT IS IS T Ts” TA T w b s
SRR CREERE h T RIRT S RSSO
%9@%%% L 4 @é‘@’ bt Sk @;& P 92 FF 8 %@» P
» ; 5§ &
% & *

E3 35N mMgEE ECEEEFHIT(FLSD, n=3)

Fig.3 Difference of Vitamin C contents among 35 litchi varieties (average+SD, n=3)
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Fig. 4 Difference of DPPH clear ance among 35 litchi varieties (mean+SD, n=3)
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Table 3 Correlation analysis of polyphenols, flavonoids and vitamin C contents with antioxidant capacity

N . X YR C

W 2 My A ] pENT Sy o

Free polyphenols Combined polyphenols Total polyphenols Total flavonoids \Cfltamln DPPHFRAP ORAC
el 1 0.383* 09827 0.921%* 0.118 0.088 0.517** 0.655%*
Free polyphenols
e 1 0.550%* 0.362* -0.375%  -0.115 -0.089  0.071
Combined polyphenols
sy 1 0.907** 0.031 0.057  0.449** 0.607**
Total polyphenols
ISy 1 -0.016  0.027 0.441** 0.706**
Total flavonoids
HERC 1 0.256  0.423*  0.189
Vitamin C
DPPH 1 0297  0.024
FRAP 1 0.330
ORAC 1

TR RYETE 0.01 7K RS2 (BLRD >, AHOCIETE 0.05 K P EREGRR).

Note: **. The correlation is significant at the level of 0.01 (single tail); *. The correlation is significant at the level of 0.05 (single tail).
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Table 4 Classification of antioxidant capacity of 35 litchi varieties

25 Category AP Varieties

' 5. Features

ERES T, B, LG IR, I ARG, I 4%, & a4,
Class I IRTCAL
Feizixiao, Lvsha, Hongxiuqiu, Jingganghongnuo,
Lingfengnuo, Jinbaoyin, Zhuangyuanhong
EAIES it A S PO Ak, MR, BB KM ek, JiEE
Class Il BB ER K S ERATANE , SGHE, AR L 548 75, Al
UL ALHEZE , 3G
Diwangnuo, Xiyuangualv, Huaizhi, Chouzhinuomi-
ci, Guiwei, Tianyan, Heizhenzhu, Shuijingqiu, Nuo-
mici, Feicui, Miaozhongnuo, Caomeili, Xianpoguo,
Xianjinfeng, Jizuinuo
EAIIES IR, g, IR AL, [T, bk, R L&
Class 11 Yujinqiu, Baila, Yanzhihong, Xuehuaizi, Beiyuanlv,
Lingshanxiangli
HIVE BIRE , BFEA, —HL, (R ORIFR KR, B
Class IV it

Ziniangxi, Xiangmili, Sanyuehong, Baitangying, He-
xiachuan, Shuidong, Heiye

ST B 2 WY M B FRAP\ORAC It i , 44 % C.DPPH i% B
VAL

Highest content of total polyphenols, free polyphenols, total flavonoids
and the highest level of antioxidant activity of FRAP and ORAC, but
lower vitamin C content and DPPH scavenging ability

W2 W 4G 2 S P \DPPF 5 BR 8 71 . ORAC %,
FRAP BG4 3R C 5 R AIC

High contents of total polyphenols, free polyphenols, combined polyphe-
nols, total flavonoids and strong level of DPPH scavenging ability and
ORAUC, but low level level of FRAP and the lowest content of vitamin C

KWy A 2 A5 2y B L 4 42 3 CLORAC K, DPPH
THBRAE T JFRAP SIS

The lower contents of total polyphenols , free polyphenols , combined
polyphenols, total flavonoids, vitamin C, lower level of ORAC, and the
lowest level of DPPH scavenging capacity and FRAP

MEW JFEZH A5G 20 S ORAC A%, FRAP &, 4E A4
C.DPPH iR AE I 0

Lowest content of total polyphenols, free polyphenols, combined poly-
phenols, total flavonoids and the lowest level of ORAC, but high level
of FRAP and the highest level of DPPH scavenging capacity and vita-
min C content

S8 T R A U B RIS BRI 283 R I A
TR RIS BT 73.44~331.52 mg- 100 g, A%
T RHON 40.15% . YA C AT EA AT Ehb>
—F /N FENAEY, BES 50k AL R
R, NAE KN R R R, 2 5 R EE AT
B B 35 4T [ 5 (1) A AT DR, 2 R BT A R
WL R C SENT 6.00~56.33 mg- 100 g', 48 57
AH0H 38.39%.

EFRA T = FVR 5 E R E A R 7 R
P AL BE T, BRI A THT Hb S W 7 4 R P S8 A6 T
%, DPPH JEBRAE 1N T 71.78%~99.61%, % 5+ R %L
N 7.63% ;s FRAP 2k 85 7 118 J& 68 1 A T 1.18~
10.10 pmol - g, 48 7 R4y 45.29%:; ORAC ML H
M FE IS RE I T 0.97~39.72 umol - g, A8 7 RECN
47.77%

HRES T RIABERAT R EZH &R
FRAP.ORAC 1 2 % & 3 IF # % (r =0.449, p <
0.01;7=0.607,p < 0.01), [ FEHL, MG ES
FRAP.ORAC 18 75 7l 2 % & & 1E #H 5% (r =0.441,
p < 0.01;7=0.706,p < 0.01)iX 5 Oszmianski®" it
1345 M — 5, RIAGEIR A 2 R EY) RS
PLAMBE I X REY) . HAH . SEHE
DPPH 2 [A] R S 32 25 AH R (p > 0.05) ; #fF 58 ik

RI4EEZER C F IS FRAP &35 % (7=0.423,
p < 0.05),{H 5 DPPH.ORAC 1X & IE M % (p >
0.05) , 15t BH 22 Wy . 3 i 52 74 A5 2 A Bt 28 A4 1) 247
I, ek 3 C 5 BRI S AR O RIHFAE
Tl

M R RIL W75 4kep” ‘40
GEER M LRR WG SR R B T
Z Wy s R o B PR R R KA, R
FHESEOHERT FE 2 B DU M R I I8 158 #
F A R 2 W S B & s H ORAC fH 5%
s U R PRI FE R C = Ha A
BERE KR Bt hb T 2 Wy A I
ORAC A & B KK, 4E 4 25 C.DPPH {5 FR
A B v 2H 5 R o PR WG G M R KOG R R
UGB AR MR M T SIS A
BRI Z Wy BRI SE PUEAE R
A, o 5 R A Ak R B K E I — N
Pl 2R T 2K S8 25 am itk el 7 1 — N
P, AT RE 75, 2 — ME 2R 1T R
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Wi 25 57 (p < 0.01) , By 2K & 22 LA B S T2
KEE. BHRAATLZMESE. AEKHNGES
FRAP.ORAC {H ¥ 2 &3 IEAH K (p < 0.01), 4
AE CHERY FRAP 2R EMHK(p <0.05),
{H 5 DPPH.ORAC G & # tH K 1% (p > 0.05);: £
My TR S ) o 2 5 B Bt S A AR R )
B, 4E R C 5B PUEAMAE I R R IFAE D]
BRAMAERR LR G2 LAFHR I
AR M 8 M S DR D TN TEA R St S A 1 <
Fi ) o7 2 v, DU TE PR A R I A P . IR AT
it — S I 5T 7% B 2 Y I D e s MR SR AT 7T Rl
X AN [) 5 A5 ot o 22 Wy P 82 FH % v 0 8 A0 12 7
HranFni ik iR A 77 .
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