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Table 1 Different concentrations of standard-mix solution

Bl

RIKE  ARPRAR B IRMRAR P47 Internal
YR Serial  Mixed standard Mixed standard Standard ( L-2-cl-phe,

number solution of A solution of B 0.03 mg - mL™!)
1 200 200 40
2 100 100 40
3 50 50 40
4 20 20 40
5 10 10 40
6 5 5 40
7 40
1.2.2 kA SaT & 60.0 mg YR Fn A
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Table 2 Quantitative information of standard substrates

. fRE W FHMERAET ERET
HTK . L

Retention Characteristic Quant
Compound . . .

time/min fragment ion mass

L2-cl- 4R (2-cl-phe) 12.39 218,147,125,100,89 218
2.1 FNMESEERFETREES 7T (Rutin) 22.00 217,204,175,147,129 217
S ] i b Eg P iz % (Naringenin) 29.76 545,532,459 219,147 545
ASSEHR T MR T PR = ‘*% 1125 (Kaempferol) 31.80 559,487,272,193,147 559
MEZE Al RN R E 7 FiAs S, Bl R IR Wit & 2 (Quercetin) 32.68 647,559,487,193,147 647
W (D) e s, #5575 GC-MS 23 fr, 5 4/ E (Vitamin E) 32.60 502,277,237,221,208 237
\ - \ 3% (Myricetin) 32.85 735,647,393,207,147 735
1)AH )% B s ] R AR R B e s ) ¥
SRR AR PN ] BRI 2057 J S E R e SR (Isothamnetin)  33.80  589,559,515,279,207 589
*3 FREFEEIL
Table 3 Establishiment of standard equation
R4 {5 B4 ] R o e Wik M 0 Fi
Compound Retention time/min Quantmass Range/ g Equation Z¥ R LOD/ pg
2T (Rutin) 22.00 332 1.250 ~ 50. 000 y =0.009x +0. 006 8 0.997 2 0.250
fli % 2 ( Naringenin) 29.76 217 0.050 ~ 5. 000 ¥ =0.005 7x —0.000 7 0.995 2 0.010
111288 ( Kaempferol) 31.80 545 0.005 ~ 0. 200 y =0. 140 7x —0. 000 6 0.998 5 0.001
Wit 2 (Quercetin) 32.68 559 0.250 ~ 10. 000 y =0.012 2x —0. 004 0.996 6 0.050
4% E (Vitamin E) 32.60 647 0.500 ~ 50. 000 y =0.031 5x —0.034 0.991 4 0.100
Wt§Z (Myricetin) 32.85 237 0.025 ~ 1.000 ¥ =0.036 6x —0. 000 4 0.999 8 0.005
FZEZ (Isothamnetin) 33.80 735 0.063 ~2.500 y =0.037 4x —0. 002 0.999 0 0.012

22 FEFERER

LI R o 3 AN I K12 58 5 5 9k 9 HE R
FEFRGEE B o 3 RS [R) TS 0 B2 7K 1R 25 42 14 1
JEE 91.36% ~ 109. 13% 5 H PG B2 A H [R]AG
BERIRIS AR d 22 (RSD) 22/NTF 10% (3 4) o &5
R RS E R ER RE TR
23 PHMRLXEIRRT WEEMRHEN
Mg

ABIFE X A TR FH 2t o 2 R AR
CIREIY 3 AN EHTRBCR S 7 R
EPEATIE . TRV 2 AR T R
MR 2R e AR B R AR B IX 6 Tl 2 W) I
FAE 3 NP E TR T 4R E S
TEAS (1A Y] 2 7 v T ) FH, e AR R,
FT R MR IR R E R R (P <
0.05) ; fEAZ (A, 7 Bl W) o 35 9 22 5 . 3% (P

<0.05) s 7ERLEY, 7 T 2 M Bz 3R i 2
WFH(P<0.05) . FEVDBCR AR A 7 N0 7 M
K)o E AL, X T T MR R
B - AERAUHEIE IT MR e R
iR ELRB AR 6 iy Ky i & 2
T (P <0.05) il Bz 28 75 B 2% R (P <0.05) 5
MNAZ (8 S5 B A 7 T I3 2 ) o e 4 S A
(P <0.05)c X i) B 7 Fof i S0 o 5 2 o0 AT Sk s
MERRIE R G R SRR R 3 Ml
K E TR 2E AR, T MR R LR
R E AR 4 Bl S 5 e AR B B R i
A EZAL (P <0.05) s WA ) 20 T 5%
I E TR (P <0.05)  Hit BK REER AlER
HEAE R E LR R 6 R B T, Hod,
POTERCR R RER 4B R Bl R R
WA (P <0.05) (E 1),



30 G2 A S S/ 532 %
x4 THBREVREHESEEEER
Table 4 Results of seven phenolic substrate with relative standard deviation and accuracy
Y4 R bzt oAy HERA B/ %o K% RSD/ %
Compound Spiked/ g Observed/ g Accuracy (n=5) H N (Intra-day,n =5) H & (Inter-day,n=5)
7] (Rutin) 25.000 23.307 £1.209 93.23 £3.67 5.44 5.45
5.000 5.161 £0.436 103.21 +7.89 9.09 9.31
1.250 1.240 £0.967 99.21 £6.32 3.37 4.91
#ll Kz 2% ( Naringenin ) 2.500 2.357 £0.023 94.30 £8.98 2.91 5.40
0.500 0.517 £0. 057 103.57 £7.56 4.63 7.34
0.125 0.115 £0.008 92.38 £7.35 3.46 3.40
1125 ( Kaempferol ) 0. 100 0.104 +0.009 104.23 +3.22 2.13 4.79
0.020 0.020 0. 008 101.29 +3.56 1.34 2.02
0. 005 0.005 +0.001 107.58 +4.12 7.71 8.40
Hit Hz 2 ( Quercetin) 5.000 4.777 £0.345 95.54 +£7.34 3.10 5.62
1.000 1.037 0. 124 103.79 +4.67 4.67 5.84
0.250 0.228 +0.012 91.36 £5.67 2.20 4.53
24 & E( Vitamin E) 25.000 25.817 +1.318 103.27 +2.12 1.29 3.93
5.000 5.033 +£0.476 100.67 £7.67 3.29 5.93
1.250 1.231 +0.114 98.54 £8.26 5.54 7.13
kE 2% (Myricetin ) 0.500 0.489 +£0.013 97.90 £1.90 2.18 4.38
0.100 0.106 £0.012 106.58 +7.34 5.03 6.94
0.025 0.027 +0.017 109. 13 +8.67 9.19 9.04
S BlZE & (Isorhamnetin ) 1.250 1.235 +£0.011 98.80 £4.67 2.49 4.96
0.250 0.261 +£0.012 104.54 +3.89 2.24 3.94
0.063 0.064 +£0.004 102.34 £6.89 7.53 7.75
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Table 5 Correlations for seven phenolic compounds related to hydroxyl radical scavenging capacity in seabucthorn fruit

¥ H H R T Bt =% 5 AR ITES ) WitgR U 4ER E
BE)1 SA/% Rutin Quercetin ~ Isorhamnetin ~ Kaempferol Myricetin Naringenin Vitamin E
¥ H HIETEERAE ST SA/ % 1.000 = = — — — — —
7T (Rutin) 0.611 1.000 — — — — — —
fi5 % (Quercetin) 0.663** 0.905 ** 1.000 — — — — —
5 4R (Isorhamnetin) 0.628 ** 0.874 " 0.990 ** 1.000 — — — —
1125 (Kaempferol ) 0.763 ™ 0.686 ** 0.853 ™" 0.851 1.000 = — —
#FZE (Myricetin) 0.663 ™ 0.902 ** 0.965 ** 0.950 ** 0.875 ™ 1.000 = =
#lifz Z (Naringenin) 0.768 ** 0.168 0.312 0.308 0.657 ** 0.377 1.000 =
#iA= % E (Vitamin E) 0.170 0.516" 0.581" 0.538 " 0.392 0.493 " -0.152 1. 000

T £ 0.05 KPR ERFANR, = = £ 0. 01 K- CBUM) b 3R

Notes: * Indicates significant differences at 0.05 level, * #* Indicates significant differences at 0. 01

level.



CERE ] WRIE ], 55 Y R ey 2 o & 5 5 1 el T8 B BB 0 A DG 43 Hr 31

9r Aa 1.4
Tw 81 W L2} Aa
'.’° ! : :é? 1.0 [
CI Mo T - e
> 5 g 0.8f
g 4t E o6l b
§ 3 A b Ab

B L

mﬁﬂ’}] 9 | Bb a @ 0.4 Aab "
4o 1L Bb 0.2 F Bb

0
% 5
¥ g
b ~
2 g
g +
S g
e =
w0 &
T'H) Tw
S E
] 3
S £
i) S
el ]
« 4

ey (])
0.035
W 0-030F VE: RRIKE RN LR B Y26 1 92 535 P<0. 05
@ 0.025 - BEKF, ARG FRERR B SR AR & 7 5
S o002 | #5150, 05 B EKF.
;:'; Notes: Different capital letters of the same stage
= 0.015 - indicated significant differences among different
S 0.010 b cultivars at 0. 05 level, and different lowercase
ﬂ Ba letters in the same cultivar indicated significant
0.005 - | Bia Ba differencesamong different stages at 0. 05 level.
0
F* fia B
[ — 523 ] D 3
1 APBREmMRIZELESRTMBEMREETN

Fig.1 Trendency of seven phenolic substrates between 2 Hippophae rhamnoides L. cultivars during fruit ripening
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Fig.2 Capacity of hydroxyl radical scavenging

between 2 Hippophae rhamnoides L. cultivars

during fruit ripening
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Correlation Analysis of Phenolic Compound Content and Hydroxyl Radical
Scavenging Capacity in Seabuckthorn Berry

CHEN Dao-guo' , ZHANG Guo-yun', ZHANG Tong', ZHANG Jian-guo"’, HE Cai-yun'

(1. Key Laboratory of Tree Breeding and Cultivation of National Forestry and Grassland Administration, Research Institute of
Forestry, Chinese Academy of Forestry, Beijing 100091, China; 2. Collaborative-Innovation Center of
Sustainable Forestry in Southern China, Nanjing Forestry University, Nanjing 210037, Jiangsu, China)

Abstract: [ Objective ] The relationship between hydroxyl radical scavenging capacity and seven phenolic sub-
stances in Seabuckthorn fruits was analyzed to provide reference for exploring the hydroxyl radical scavenging ca-
pacity of phenolic substances. [ Method | The sea buckthorn fruits of Fengning cultivar and Xiangyang cultivar
in three development stages ( green fruit stage, discoloration stage and mature stage) were used as experimental
materials. The contents of seven phenolic substances such as rutin, quercetin, isorhamnetin, kaempferol, myr-
icetin, naringenin and vitamin E were determined by gas chromatography-mass spectrometry ( GC-MS) tech-
nique. The hydroxyl radical scavenging ability of sea buckthorn fruit was determined by spectrophotometry. Then
the correlation between the seven phenolic substances and hydroxyl radical scavenging capacity was analyzed.
[ Result | The results showed that the hydroxyl radical scavenging ability of Fengning cultivar was significantly
higher than that of Xiangyang cultivar, the hydroxyl radical scavenging ability of Fengning cultivar decreased suc-
cessively in the three development stages, while that of Fengning cultivar was the strongest in green fruit stage
and the weakest in discoloration stage. The contents of rutin, quercetin, isorhamnetin, kaempferol, myricetin
and naringenin in the sarcocarp of Fengning cultivar were higher than those in Xiangyang cultivar. The contents
of rutin and myricetin in the sarcocarp of Fengning cultivar were significantly higher than those in Xiangyang cul-
tivar during the three stages (P <0.05). In addition, the contents of quercetin, isorhamnetin, naringenin and
myricetin increased at first and then decreased in the three developmental stages, while the changes of rutin, vi-
tamin E and kaempferol were different between the two cultivars. The correlation analysis showed that the corre-
lation coefficients between rutin, quercetin, isorhamnetin, kaempferol, myricetin and naringenin and hydroxyl
radical scavenging ability were all greater than 0.6, while the correlation coefficients between vitamin E and hy-
droxyl radical scavenging ability were only 0. 17. [ Conclusion | The hydroxyl radical scavenging ability are
strongly correlated with the contents of rutin, quercetin, isorhamnetin, kaempferol, myricetin and naringenin,
which were helpful to promote the scavenging of hydroxyl radicals in seabuckthorn fruit.

Keywords: Hippophae rhamnoides L. ;hydroxyl radicals scavenging;phenolic compound ; GC-MS
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