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PR, & . BASEEE T 510 nm
KWERBOE T SRR S8, WEAESE 1 mL
B 10 mL ZEHiH, A 70% LEENE 2 mL, in A
5% WAHERBAYAY 0.5 mL #2457, i E 6 min, il A 10%%
THRRER YA ML 0.5 mL, it E 6 min J§, A 4UEEIL
BRYATE 4 mL, N 7026 L BEEA L BRA)EHUE 15 min, FE
510 nmAh i) U8 O B, AR PR AR A M R TR R S &
RETRAR(Y)==CXV X n/MX 100, C-HR 32+ 1
i 23135 H ) 4R BOR H B I i MR BE (g » L™ 1), V-
PEBOR A SMEFR, n W RS B MR B R .

L2.2 prfEfi&kiedl FRE 13.2 mg 55 T HRifE
At 704 2 B 25 5 25 mL KB P ERRER.
VETRE S TARUER 0.0. 4.0. 8.1, 2.1. 6.2. 0 mL,J%
A 10 mL A& A GRiD), 43l A 2.0.1.6.1. 2,
0.8.0.4.0 mL [ 70%5 Z, W&V W, THINA 526 Wi R
VSR 0.5 mL #8247, J50E 6 min, LA 10Y0AS MR
# 0.5 mL, & 6 min JF, A 4% KA K
4 mL, Jit 70% & BEFE 45, # 51 J5 B 15 min, 7E
510 nmAb IR B, HIVEARHE T £

1.2.3 HREUAFIMER ®HBETLKIEFEE.Z
BR .1 IR 4 R PLES ], B BOR i 3 g, FERNR
Mo 1330 gemL ™' B 60 CRIZM TR 2.0 h,
e SR BOR A B R A B, T e SRR BUA ], ]
B 3w,

L2.4 BREFRE PO EBUEE BT
] B 4 NS 2 B0 5% %) VB U R i
RS BRI IR YR 45 o E B SRS H0 IR
R TZ . B4R 3 KER . B X &S
B 702 Z BB BB E] 3.0 h, 4R E
BEH 65 C,Rb M1 10,1 ¢ 20,1 ¢ 30,1 ¢ 40,
1:50,1:60 g+ mL ", 3E 3K, IHEEWRSE, B
EIME . BB a6 E 2R DL 702 Z i
RSB 12 20 mg - LT, IR E
65 °C , 3B al 4344 1. 0.1. 5.2. 0.2. 5.3. 0 h, &2
B3 WM W A g, REURE X EE A BN
Wi FH 7096 BEHR B, RE LE R 12 20 g » mL 7", 3R
BUHHE] 3. 0 h, ZEHEBUR B 60.65.70.75.80 °C 1) &4tk
T AR A 3 TR M A B, BCEME,. L
Y BE X B A B R DURR L 12 20 g e mLTY
PEEETE] 3.0 h, IR B 65 CHRZMT £ L E N
60%6.65%.70% .75 % .80 %6 W4 J& S 144 4l 32 B
3G AR S &, BFE.

1.2.5 IEZCELE ERERRBMERL E, DR
Lo BB (] REBURE (BRI E R 4 R, B

H R ONIER, AT L (WO WIER SR BT, R KXok

FhE L,
*1 EXEWHEERSKE
Table 1 Factors and levels of orthogonal experiment
AT ARHE L B $2 B 7] CREURE DamkE =7
. Solid-liquid ratio Extraction time Extraction Ethanol Empty
Ve /(g+mL~1) /h temperature/ ’C concentration/ % columns
1 1:30 1.5 65 60 1
2 1:40 2.0 70 65 2
3 1:50 2.5 75 70 3
4 1:60 3.0 80 75 4
1.3 #dEs

RIS B R A Excel [DPS {4 #EATAL A 7 2
5.
2 BRSS9
2.1 trvEfhREe R R

VLELVER BE OO ot A, IR MEAH (V) g P Ak b5
pHlbr e 2k, H AR, WAFREI Y=
0.001 1X—0. 001 6,R*=0. 999 3,

14 ¢ ¥=0.001 1X-0.001 6
12+ R*=0.999 3

10

WA
Absorbance
e o e e
o RN 0

Z(I)O 4(I)0 6(I)0 8(I)0 1 (;00 1 2IOO
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Fig.1 Standard curve of flavonoids
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Fig. 2 Selection of solvents
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ATk, MK Z B RBOCR BT, WA w1, B A
W ARBR R ERAR A R BUH R, e A P S B A T
YD BRI R ARG . 3R 2 ATLIF .4 B
1 0 T SR T D BB 82 i 2% 3 A 2 K
F(P<<0.0D), 3 3 ZHEBEREW 4 M E]
LB S H BN B R 8 & 257, MR . 4
MROBES C BEAI P EE XS R AR B 2 5
(P<C0.01),
&R 2 AREF EE R EIRRIE
FESH

SEE AR R 22 AR B 3 (P<<0.01), £ 5 £
HEHE B R, B®E1:5 g-mL 51 ¢ 60,
1:40,1:30,1:20 gemL 'A% 1:10 g+ mL "
51:60.1:40.1:30.1¢20 g~ mL ' &EE
REMAEHEEEZR,M1:50g - mL'5
1:10 g+ mL 7' Z W] X3 R B o 22 B AR B & (P<
0.0,

x4 BRI ERD RETRRA T ESHT

Table 4 Analysis of variance of solid-liquid ratio of
Tibetan Hippophae rhamnoides flavonoids

Table 2  Analysis of variance of different solvents extracting ERKRR ¥R RGE X FE P
Sources of Sum of Degree of Mean F P
Tibet Hippophae thammoides flavonoids variation square  freedom  square value value
2R R THM HEE  HF Ffg P{E kb3 [H] Between processing 1. 161 5 0.232 5317  0.008
Sources of Sum of Degree of  Mean F P 4b¥EpY Within processing 0. 524 12 0. 044
variation square  freedom  square value value BAFR Total variation 1. 685 17
4b3H[A] Between processing 1. 127 3 0. 376 91.553  0.000 1 = . -
AbFEPY Within processing 0. 033 8 0. 004 iE 5 *}I.ﬁ tb Xqﬁﬁ;’ \WEHH?‘%EXE(J
BB Total variation  1.159 1 ERBEMELSWH
gfz 3 = Iﬁj ;‘?é*_%’[] y;]- 3 \ﬁﬁm?‘%m Table 5 Difference significance analysis of solid-liquid ratio of
£RE % 'EE S Tibetan Hippophae rhamnoides flavonoids
R BEHYE 5% BFEKF 1 %1% 8 3% K
Table 3 Significant difference analysis of different solvents Solickliquid ratio Yield mean value 5% significant 1% significant
extracting Hippophae rhamnoides flavonoids /(g e mL—D) 1% level level
. HEHE 5YUBEATE 1N BEATE 1:60 1. 4940. 104 a AB
j\iit Yield mean 5% significant 1% significant 1:50 1. 605+0. 190 a A
value/ % level level 1:40 1. 385+0. 180 a AB
WER Acetone 1. 385+0. 044 a A 1:30 1. 366+0. 263 ab AB
Z. 1% Ethanol 1. 052+0. 038 b B 1:20 1. 212+0. 331 ab AB
F % Methanol 0. 93540. 087 b B 1:10 0. 81240. 067 b B
2.8 Z. B Ethyl acetate 0. 52840. 074 c C

2.3 RME LT B S R R e

F 3 WA Bl R G R R B B R
BHWHEIN, SRR LA E] 1t 50 g » mL B, B
RN 160550, EHK LK F 150 g » mL™!
B, AR T B, BB IR B, SR BUSC R A
KFFE, I, ZERHR L 1 ¢ 50 g « mL ' A, 4R EX
ORTEAT, HHE 4 TTA, AN [RDREB EL G T R 1D SR
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B3 BRI EEEENRE
Fig. 3 Effect of solid-liquid ratio on flavonoid yield
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Fig. 4 Effect of extraction time on flavonoid yield



F B L 201700): 142147

s PE{REEIMT -

(P<0.0D), £ 7MEE ILELGEXRY, RIFHBUT
[ Xof ¥ ER AR R M YLLK 2. 5.2.0.1.5 h 5 3.0 h
ZRTLEEXLE,1.5.3.0h 5 1.0 h 2t LEE
25 2.5.2.0 h 5 1.0 h Z a5 ¥4 EE R E 2R

#5583 (P<0. 01),
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Table 6 Analysis of variance of extraction time of
Tibet Hippophae rhamnoides flavonoids

SRR FHM O HmE B Fi PfH

Sources of Sum of Degree of Mean F P

variation square  freedom  square value value
Ab¥HTE] Between processing 0. 181 4 0.045  10.401 0.001 4

ALFE P Within processing 0. 044 10 0. 004
JBS Total variation  0.225 14

R RENE )X B D R R BN A
ERREUSWT

Table 7 Significant difference analysis of extraction time of

Tibet Hippophae rhamnoides flavonoids

FRIR I [H] BRBGE 5% BEKF 1% 1% BE K
Extraction time/h Yield mean value/ % 5% significant level 1% significant level
2.5 1. 573+0. 039 a A
2.0 1. 501+0. 079 a A
1.5 1. 456+0. 077 a AB
3.0 1. 415+0. 060 ab AB
1.0 1. 2454+0. 067 b B

2.5 {RBUHEEEXT EE & B AR

P 5 AT 50, W FF o B B A, i 25 R R 3
I, EER AR W 0, IR A E) 75 °C L U R B
KikF 1.596 %, WM 75 CJa, MBBR FIE,
R R AR Ao il — S S 2R W R R A R
BESE TR, W EERENAS . BRNEE
RS AR PSR S AR B AS , R I, 2648 75 °C
FEARRBURE . % 8 FEOS R A, A H
PRI B St SR S R A5 R A R T Ak B A B K
(P<0.0D), R ZEWBREFRER, AFRLEIURE

1.9¢

1.7

 EmEEE
Yield of flavonoids/%
(93]

60 65 70 75 80
IR BURE Extraction temperature/C
B 5 REEEIEING RN

Fig. 5 Effect of temperature on flavonoid yield
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Table 8 Analysis of variance of extraction temperature of

Tibetan Hippophae rhamnoides flavonoids

R SEHF O ARE B FE Pf{H
Sources of Sum of Degree of Mean F P
variation square  freedom  square value value
4bFH[A] Between processing 0. 613 4 0.153 50. 051 0.000 1
4bBH P Within processing 0. 031 10 0. 003

MAS S Total variation 0. 643 14

RO EEX TR EERENE
ERBENSWH

Table 9 Difference significant analysis of temperature for

Tibet Hippophae rhamnoides extract

BEME 5% B EAKF 1% 1% 8.3 AP
R Yield mean 5% significant 1% significant
Temperature /°C
VBIUE/% level 1EVEI
75 1. 596+0. 065 a A
70 1.527+0. 020 ab AB
65 1. 383+0. 031 be BC
80 1.25140. 001 c C
60 1. 031+0. 098 d D

2.6 LM REXT S B

HiFE 6 FTAT, 2B R B £ B o B A 389 0 i
B, HWEIAE 7056, R ERIAEF] 1. 37094, 9K
FEMAE 70005 » 1958 T g, AR SR 1 fin £ BE VR BE , 3
B B LP AR, I, B8 7006 A B4R
WePE . MR 10 FTLAE H L AN [ 2 Ik J32 ) 7 et v
RLHMS R ZE BB &K, fik 11
TR, 2B A5 5 ) B8 LU B TP, 7004 28,654 2
BESONZ X REMEREER, SN LBE
8000 LIS IS AR I B & 25,7000 LB 6506
ZBE5 6006 ZBE 2 (A XA 22 57 1 3 (P<<0. 0D,
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Fig. 6 Effect of ethanol concentration on flavonoid content
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Table 10 Variance analysis of different concentrations of

ethanol in Tibet Hippophae rhamnoides extract

RS 3 SEHAE ABE B F P{H

Sources of Sum of Degree of Mean F P

variation square  freedom  square value value
4b3H[A] Between processing 0. 272 4 0.088 15.279  0.0003

ALFE P Within processing 0. 044 10 0. 004
AR Total variation 0.3186 14

F11  ZERENDREWERNELY
ERREUSWT

Table 11 Difference significant analysis of ethanol concentration

for Hippophae rhamnoides extraction yield

LEERE HEHE SR BEAT IR BEAT
Ethanol concentration  Yield mean value 5% significant 1% significant
/% /% level level
70 1. 370£0. 054 a A
65 1. 35640. 045 ab A
80 1. 19240. 061 ab AB
75 1.182+0. 078 b AB
60 1. 003=+0. 087 c B

2.7 IEACEEH

HH 2% 12 55 0] 1,4 /B DR 2500 P e U0 B SR i
w5 T e K 2 R IR B LR B VR
B AR ] RN EL R ma . ARYE 4 MR EREIE
R T AL, B R RBERMAER TN
AB,C D, BIRNE L 1 ¢ 60 mg « Lt REUNHA] 2 h,
HRBGRRE 65 C .Mk E 65%.,

=12 EREWEER T
Table 12 Results of orthogonal experiment analysis
e AR RBETR RBRE ZEWRE 257 HESE
K Solid-liquid Extraction Extraction  Ethanol Flavonoids
Experiment . . . pty .
ratio time  temperature concentration vield
/gemlD /b /c % Oy
1 1:30 L5 65 60 1 1.524
2 1:30 2.0 70 65 2 1. 463
3 1:30 2.5 75 70 3 1. 230
4 1:30 3.0 80 75 4 1.042
5 1340 L5 70 70 4 1.229
6 1340 2.0 65 75 3 1. 497
7 1:40 2.5 80 60 2 1.1%0
8 1340 3.0 75 65 1 1. 545
9 1:50 L5 75 75 2 1.331
10 1:50 2.0 80 70 1 1.195
11 1:50 2.5 65 65 4 1. 689
12 1:50 3.0 70 60 3 1.120
13 1:60 L5 80 65 3 1. 298
14 1:60 2.0 75 60 4 1.719
15 1:60 2.5 70 75 1 1. 041
16 1:60 3.0 65 70 2 1.734
K1 5. 260 5.382 6. 444 5.553 5.305
K2 5. 461 5. 874 4. 854 5. 995 5.718
K3 5. 335 5.150 5. 826 5. 388 5. 145
K4 5.792 5. 442 4.725 4. 911 5. 679
Jal 1. 315 1. 346 1.611 1. 388 1. 326
k2 1. 365 1. 469 1. 213 1. 499 1. 430
k3 1. 334 1. 287 1. 456 1. 347 1. 286
k4 1. 448 1. 360 1.181 1. 228 1. 420
R 0.133 0.181 0.430 0.271 0.143

2.8 FESTEEEEER

MRE LT LU 25 51, X 45 R R AT 0 25087, 1
WiHHR B SR, FESWEREHCK
13), 32 O B X 6 B A R W R o 22 R AR B

=13 EXRWHES
Table 13 Orthogonal test analysis of variance
RS 3 SEJ7 AmE 2y FiE P{H RS 3
Sources of variation Sum of square Degree of freedom Mean square F value P value Sources of variation
Hk b SolicHliquid ratio 0. 042 3 0.014 Fo.o1(3,9) =6. 992
R BUAT E] Extraction time 0. 069 3 0.023 Fo.05(3,9)=3. 863
EBURE Extraction temperature 0. 502 3 0.168 8. 890 Fo.1(3,9)=2.813 xH®
2Bk & Ethanol concentration 0.150 3 0. 050 2. 660 Fo.25(3,9=1.632 o
22 Error 0. 060 3 0. 020
B IE{R% Correcting errors 0.170 9 0.018 9
JEF Sum 0. 822
(P<<0.0L) 22 B X1 H5 T A — 72 0 (P< £l REABER
0.2 5) , ﬁﬁ*’cl' ?& Hﬁ%ﬂ%m HTJ‘ I"ﬂ Xﬁﬁ@ﬁ] 1%% E‘J?ﬁ uﬁ &ﬁ Table 14 Verification test results
BEWES, WIS HEEE Ayl
2.9 %_‘Lﬂziﬁ% Verification test Flavonoids yield/ % Yield mean value
1 1. 667
e F R IR ANE AL LR 45 R, BUBHK 1L ) L 780 —
1:60 geml ', 65% MK Z. B 65 CFHEL2.0 h, 3 1712

AT 3 YOHATIRIR X AR B, th % 14 WAL fedrtE
RPTZEM TR EEEREIYMEY 1.722%,
BT IERR S R B, AR A R AR
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V300 A ) SR VD B R, e AW S U B M AR A R Y
BN AR OGN . 3 0 1% B R L R BT
] GREBUREE . L BEREE 4 M SHGHT R R RIESRR
SEHy, B85 R B 7 5 i 7 e U R S B AR R R
1R R AR SR IBUGRBE , S HAB S i B, HIk2 &
Ve 5, X 45 R — e S, R T ) AR L R i
By LI . ARG IR AT SE g K 7 200 s R
FE SR PSR VD R v B 4R IR A LR L
1:60 gemL ™ 2HAHE 2.5 h, I£IEE 65 C, 2
FEYREE 65% . I B 53 45 5% v Ry vE 1D R A JF
BRI R B 3CF¢ .

FTTRISEN F) A 7S B AL 7 VD R
T 4R B T LA A T2 46 T B R i R BOR Ny
L7296 R P Mg 38 1 4 4 R B P 98 T W i
FAAAL B YR T 2, I s 3 R 0. 9576 s X B f
U BB SRR R B U N AR R AL AT L A
R IR Ry 0. 7690, BRIt i P U0 AR BB ik
BRI, H SR BRI, A & » HLFF7E B L
K e R A M TR B A R B T REME . TN
3 Bk 2 R H v R Y v T e T R O
B RERE R BGRR LT R E R, X R
PO FHERBGH, TR EE, H T ARAE. BES
T &%, BRI R SR IBOT B TE R ABT 5T AR
TRAS B RCR AR IR B, FE 00 F YD BT IR, PRAIE R
B AT TR — D RE R
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Extraction Technology for Flavonoids From Fruit Marc of
Wild Hippophae thibetana in Qinghai

FENG Zhipeng, YE Guisheng, YUAN Hai, MA Yuhua
(Institute of Agriculture and Animal Husbandry,Qinghai University,Xining,Qinghai 810016)

Abstract: The effects of four extraction parameters on the total flavonoids yield were optimized by taking Qinghai
wild Hippophae thibetana fruit as material, using ethanol extraction, single factor test and orthogonal test. The
effects of the ratio of material to liquid, extraction time,extraction temperature and ethanol concentration on the
content of total flavonoids were studied. The extraction process was optimized. The results showed that the
optimal extraction conditions were as follows: under the condition of the ratio of material to liquid
1:60 g+ mlL !,extraction temperature 65 °C, extracting 2.0 hours with 65% ethanol, the optimal yield was
1. 72%. The extraction temperature was the most important factor among the four factors, followed by ethanol
concentration, extraction time and the ratio of material to liquid. Orthogonal and validate the experiment to
optimize the total flavonoids extraction process,the extraction rate was high,simple,non-toxic, with credibility.

Keywords : Hippophae thibetana ;total flavonoids;extraction technology
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