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Optimization of Extraction Process and in Vitro Activity Study of
Total Sterols from Wild Pyracantha fortuneana Leaves in Yunnan

LIU Weiliang, CAI Jian, GAO Wenrong, ZHU Ling, LU Tao’

(Yunnan Plateau Special Fruit Wine Technology Innovation and Application Engineering Research Center, Qujing Normal
University, Qujing 655011, China)

Abstract: The objective of this study was to optimize the extraction process of total sterols from wild Pyracantha
fortuneana leaves (WPFL), and explore their antioxidant and whitening activities. The yield of total sterols (WPFLTPS)
was used as indicator, and the single factor experiment was used to investigate the effects of extraction solvent, solid-liquid
ratio, ultrasonic temperature and ultrasonic time on the yield of WPFLTPS. Based on this, the orthogonal experimental
design was used to optimize the extraction conditions. The DPPH (2,2-diphenyl-1-picrylhydrazyl), ABTS [2,2'-azino-bis(3-
ethylbenzothiazoline-6-sulfonic acid)] and nitrite methods were used to evaluate the antioxidant activity of WPFLTPS in
vitro. The whitening activity was evaluated by the inhibitory effect on tyrosinase. The results showed that for optimal
extraction process of WPFLTPS, the extraction solvent was absolute ethanol, ultrasonic temperature was 50 °C, solid-liquid
ratio was 1:16 g/mL, and ultrasonic time was 25 minutes. Under these conditions, the yield of WPFLTPS was (11.00+
0.03) mg/g. In the range of 0.5~5 mg/mL, WPFLTPS had strong scavenging effects on DPPH radicals, ABTS" radicals and

nitrite ions, as well as a strong inhibitory effect on tyrosinase, demonstrating a good dose-response relationship. This
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extraction process was stable and reliable for extracting WPFLTPS. The WPFLTPS can be used as a new, natural

antioxidant and tyrosinase inhibitor in functional foods.

Key words: wild Pyracantha fortuneana leaves; total sterols; extraction process; antioxidant; whitening
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L-Be IR LR (V, i BE =99%) . RERF (L fF =
98%) . DPPH(2,2-BX2RIL-1-97 3L F 3L ) . ABTS[2,2'-
RAFERL [3-( L FE I Emembk-6- Atk 1R ) — 4k 1. 1§
2R (=1120 U/mg) Wy [ Sigma-Aldrich 23 F];
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Sy prall, 2G5 R BRAF .
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AR H A — AN R 2R, DR (S SR8 R, B B
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55 min #HTERHEE LK, FMHHTEE 3 K.
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1 40 1:12 15 2R, B v IV Al 1R 4 R SIV A R 4 AR B R 1) B
2 50 1:16 25 3i2A pg/mL,
3 60 1:20 35
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1.2.3.4.5mg/mL) WPFLTPS %, il A DPPH
W 2 mL, =i T RGN 30 min, PAIG/K 2B K
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5 mg/mL)VERFHMEXTRE . AP EESEE I 3 1K, ¥
MG ABTS [ I 2EA0TE R

& (3

X A —A
yﬁﬁ%%(%):(l— = ’)xlOO

b, A AR WO CREAE; A, 1GFRAF
IR A ERARL; Ay A ASJINARFIIR 4 %) BEAEL
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A YRR, S R 1 538 nm &b Lk {5, 23]
PrufEph 2, ATASmEIT 5 #E 8 A=0.0519C+0.0877, R*=
0.9998; 43 I W BUAS [RI e BE (0.5, 1. 2. 3. 4. 5 mg/
mL) ) WPFLTPS, p-%F i, & M Vo SR E
T, LA S pg/mL B9 NaNO, ¥ 2 mL, 37 C
TEHR /K 30 min, BULSZ.EIINA 1 mL 0.4% Xt4d3%
AR, YRA), W 5 min JEHNA 0.2% EhEEZEZ —
R 0.5 mL, 7K ZE 10 mL, #RAIZ)W 15 min, LA
AT NaNO, E B a5 H, 78 538 nm b 2 4%
BIRSCEEAE, B RESEERED 3 IR, Eid NaNO,
v A5 H 5R B 19 NaNoO, 1, #2218 R A ARG

1.2.6 WPFLTPS % it 22 i il Vit 4= 400 1l /6 F g 0l 2

i 2P T V14 3 T 300 A PR A 5 s P T o Py
W 1R ST A L~ 2R SR S 4, 1 IR Tt ) Tl
1M S A AE e 22 EL RN B FH TG /K 20
S FH 22188 /K BC il B BT s MR B2 41>k 0.5 1. 2. 3,
4.5 mg/mL BIFETR o RE RT3 2 IR fl, A
BEEMEEL AL B, C. D 4 Wik, BN Z %
B 3 AT, SRS, AE 37 °C KIBHIET 30 min,
A A 10 mL 2508 T & 2l 20U
A 6000 r/min MJ5AF T 50> 15 min, IREHFEFE 2 1Y
O ML, T 475 nm AR E G EE{E RO, o i e
BB . Vo % BRIk A i o #2 FaR(5) T
Wik 22 PR I A 1 ) R
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1, AL B. C. D NELHWIRAEDAN 475 nm
VANIOL) S AER (=
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Table 2 Composition of reaction solution

TS A B4 CH D#

i (mL) 1.0 1.0 1.0 1.0
FEfh (mL) 0.0 0.0 1.0 1.0
WERRZE v WK (mL) 4.0 5.0 3.0 4.0
i S R A (mL) 1.0 0.0 1.0 0.0
A1t (mL) 6.0 6.0 6.0 6.0

1.3 #IEAIE
A LB ERE 3 R, BRI MTER A T R geit

1722570 HUAe, 45 R I EFRUE S (XESD) R, i
FH SPSS 25.0 #3477 Z 0T X i HER I, SR
JH Origin 9.0 #fF4: &,
2 GFBR59Hh
2.1 BERIW
2.1.1 AREFEBEEFIXT WPFLTPS $i BUSCSR (14 52 1

i 1 ps, ARIEEEEE A WPFLTPS 1534
To/K ZBE=TN B> 208 £ Tig>1F O k>0 vk, PIER A1
To/K Z R BGCRT, (B2 e 3 Z BN A 8 B, 2R
WA 75, NIRRT 52 Rl BEfhss i, BRI, e ToK 2. 0%
Y5 WPFLTPS BYFEBUA
2.1.2 M IREXT WPFLTPS {2 BGCRAgEm  h
&l 2 AT, BEE IR BE B Ei S, WPFLTPS 15582554
WG, YVRE TS E] 50 °C I A S SRR, Y
IBEETEF 50 °C W), BN WA R 4G R R, X T AR

N
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Fig.1 Effect of different extraction solvent on the
yield of WPFLTPS
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Fig.2 Effect of ultrasonic temperature on the
yield of WPFLTPS

2.1.3 BKEEXT WPFLTPS #2852 Kl 3
I, WPFLTPS 153 Bifi i B2 70 B g g o, e 55 st
FAAR SRS B S, 2B HEoA 1016 (g/mL) B 35 5]
WEAE S TP LR T RE. 33X T BB P B 77 FH ik 31—
SEARLESE, R it vl P 55 TS i ek S AR, Ak
FRIBUATN 0 PR AR S R S IS, RO pliak
FIRVR 2Rl H A TRLEE 75 PRz 52 ), — L AR
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Fig.3 Effect of solid-liquid ratio on the yield of WPFLTPS
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2.1.4 #pEEta)xt WPFLTPS 2 BUGCR a2  h
B 4 AT, O r RS B SR B ER B[R] i S
BETEAR . BT T REE S BRI [R] P R, R
- e ) S P s H , [RTRS T B Josint- o a4 HAth 2
JoRBTS A e HLIS HH AR ik 222, DT iz i) KO
At RS EEAARRR AL, SREASTR] Y I T GRSk
RS Bl isy, SR RSP, I, %648 15 min £
Shy O S A B ]
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Fig.4 Effect of ultrasonic time on the yield of WPFLTPS
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Table 3  Orthogonal test results

5 A B C SRR (me/g)
1 1 1 1 10.045
2 1 2 2 10.422
3 1 3 3 10.220
4 2 1 2 10.366
5 2 2 3 10.353
6 2 3 1 10.281
7 3 1 3 10.110
8 3 2 1 10.207
9 3 3 2 10.214

K, 10.299 10.174 10.178
K, 10333 10327 10.334
K, 10.177 10.238 10.228
R 0.156 0.153 0.156

FH3R 3 7T, K A F3IME, R obs, IR BHER
Ll IR 75 B ) X A o B S AR SR A SE M AH T
FAERZE KGR AB,C,, BIFEHEECA T = Y
5 EEAT, $RBUAFITC/K LB, AT 400 W, 875
TEEE 50 °C, BHE L 1:16 g/mL, #8751 E] 25 min,
SHIZTT SEAEEAS IR R TP I BB, S T e ik
7 5 M R S U B B RS B S B Y
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FRISENI
F4 IERE T 20

Table 4 Variance analysis of orthogonal test

(SES B2 A ¥y F P
A 0.038 2 0.019  4.653 0.177
B 0.036 2 0.018 4370 0.186
C 0.038 2 0.019 4679 0.176

T2 0.008 2 0.004

Js8a 945.027 9

2.3 IEHIFSEER

il A e 20 WPFLTPS H2 R fE
HAEHN AB,C,, S35 3 4475255, WPFLTPS 15
#4(11.00+0.03 )mg/g, 1= T IEAZIE SR 3 1 WPE-
LTPS 35 i 2H G A B,C,(10.422 mg/g), i
SIS EE L A vl A
2.4 WPFLTPS {FMagbiEN
2.4.1 X} DPPH H HHILWERAEE  HE 5 a5, 4
0.5~5 mg/mL JEFEI N, WPFLTPS, & i, p-45 {5 i
X7 DPPH H i H3A AR B TS BREE T, Bl A e
BE G IO BRAE RS O, i8] — e RS BT
2%, B RAFRAOE SR, ot WPFLTPS 7RG i
1, MURJE N 5 mg/mL B}, WEERAIE 97.64% 5 BHMA:
X RELH Vo 15 BRI (98.49%) , & 5§ I B s iy
T S-S EE, Wi 2 WAL T WPFLTPS., ST 4s
A ERA AN LA RAARL . BT BT AR,
R EEAE 5 mg/mL ¥REERT, XF DPPH [ H 505 4
HIR Al 25.86%, T WPELTPS FiafbhE J1im &
TR I, USSR WF T & B, BT IS A
3 mg/mL WREERT, XF DPPH [ i 5L35 55 5 e i 294
35%, Ifii WPFLTPS $ii4a b aE Iyt v T i 7 55 H st
£% Il &0, WPFLTPS B R M bae ) vl LIAE
S RARBTEEGR], N H RS [

120.00 ¢

e 5 @ p-23 i == WPFLTPS en V.

100.00 ¢

80.00 1

60.00 -

40.00 [
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Fig.5 DPPH free radical scavenging activities of different
concentration of WPFLTPS

2.42 X ABTS'H HHIEBRBOR  HEl 6 Al A, 7
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