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Abstract: [Objective] The pine needles of Pinus massoniana are rich in polyphenols and flavonoids with
multiple active functions. In this paper, the preparation and antioxidant activity of the deep eutectic solvents
(DES) extract of pine needles of P. massoniana were studied to deepen the exploitation of the undergrowth
resources under tree crowns and to provide a more environmentally-friendly extraction method of active
ingredients with more activities and higher efficiencies compared with traditional ways. [Method] Active
ingredients were extracted from P. massoniana needles by ultrasonic technology under the assistance of
DES. Firstly, three kinds of DES were screened by comparing the extraction effect. Then, based on the
selected DES-choline chloride/glucose, a single factor test was conducted on the effect of liquid-solid ratio,

ultrasonic temperature, ultrasonic time and ultrasonic power on the extraction effect. Based on single factor
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experiments, different capacities between DES extract and conventional ethanol extract to scavenge and
reduce DPPH - , ABTS" -

response surface method as the optimization of main process parameter. [Result] The optimal process to

was compared with the yield of polyphenols and flavonoids taken as indexes and

produce P. massoniana needle extract was: ratio of liquid to solid 10 mL/g, ultrasonic temperature 48 °C,
ultrasonic time 60 min, ultrasonic power 300 W, yield of polyphenol in the above condition 7.387%, yield of
flavonoids in the above condition 10.377%, regression model fits well. The antioxidant activity of DES
extract was overall better than that of the conventional ethanol extract. [Conclusion] Ultrasonic technology
under the assistance of DES has higher yield of the P. massoniana needles extract compared with
conventional extraction methods, and it has significant effect on the antioxidant activity compared with
ethanol extraction method. So this method can provide efficient extraction of P. massoniana needles
ingredients while fully maintaining the biological activity. So this method can provide efficient extraction of

P. massoniana needles ingredients while fully maintaining the biological activity. It will be significant in the

43 %

resource utilization of the P. massoniana.
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N 3.37%. F 1555 C0R) B R i B £ AR EAL A
FAEF SR, 15218 5.82% . &8 K45 A% 114
(Pinus sylvestris )W S /RS 2 By EAT 5 0L, XFEE T
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S 0] R, WSS WS bR B A E A 4
KA, 2R — LT Y, W LR 2 H
EEEE, 2 KR =P ai . B, IRE —
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SR TR, A, AR AR 2 A i
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SHEE RS A, H B R R R B T, dnm 22
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1.1 # M

BT FH 5 BAAA B REET 2019 4 8 H, WiF A 18
FHE KYTH3%. DPPH - . ABTS - . % T % & T
R ONFRVE S 45 KT 98%, 4t B 50 2 o 4y
réati,
1.2 HARAE
1.2.1 RAta#

Yo tof 5 AN R BT I IS B 2 46, TR R R 2
H AR KT SRR T, B 80 Bk R, ¥l H .
122 ARFHRAFEHXLHE SHERTHE

B 10.0 mg ¥ & TR brE S BL i Bk 1 /L 1) BF
W, 43 HIEL 0.25. 0.504 0.75. 1.00. 1.25 mL _F ik it 41
IFIRERE T 5 > 25 mL &I, FH AWK E R,
4 %] 0.01. 0.02. 0.03. 0.04. 0.05 g/L & W - B L&
5 Rl IE % 1.00 mL, LA 1.00 mL 2% 4% K /F 25 3 Xt
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B8, 45 N 5.00 mL ¥ 0.2 mol/L A& K B 1% ¥4 »
A, 5 E 5 min J5, BN 4.00 mL 1) 10% B%
FRANIRT, TE51JE BT 45 °C KIS 15 min. {# F 41
oy H T (AL B A D, 7ESAK R 765 nm Rl
& FIRIER I RGAE, DOR TR EIRE (LA
R AR (XD, TROGAE (D AR (YD, il b o ith
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6 min, F 0N 10% i BR £33 ¥R 1.00 mL, #25] )5 &
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JEHIIN 70% L€ %, 2 FE 15 min. fEH KN
510 nm NI SEAE, BAAT IR B (g/L) AT AL AR
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0.999 7,
X3 BOR AT CRERRRE, T4 IR Bk D7 vk AT
T B B PRI R, KA (0 IRt R AR N [ A R
73 B BRI T, JEIL B RO T AR B R
(S
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1.2.4  AKIENEZEF) o9 ) & ik 45

3 P IA VA FIBC R 7 S a0 1, 7E IR /K I BR
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T o3l 3 PR LI v 1 5 5 R Aa fa B DO
BLEE 10 mL/g A, 7E 300 WL 44 °C B 414 K
56 min, X 25 Fi A1 2 9y 34T HE L o
12,5  # 75  4 Bh AR SR IR F AR IR T BN A4 5 1
PR T LA

AERAFREL 0.900 0 g & BAAFA S A7 THRIL &,
DAL AN FA SR v 22 W B0 WA 22 A PR Fa bR AT 5
Al 28, 73 i) 25 2K 3L J43 945 77 28 &Y (DES- 1. DES-
2. DES-3). #i kL (8, 104 12, 144 16+ 18 mL/g),
If) 2 (240, 270 300 330 360, 390 W), & 75 i [a]
(30. 45. 60. 75. 90, 105. 120 min)- #  I# & (30, 35,
40, 45, 50 55 COXHREUIFF I

AR B 0 IR R S5 45 R, K B Box-Behnken 5t 46
Wit 777, I Design-Expert 8.0.6 trial it 4 K %
3 KT g JSL T T 2 AR A TR, R 7 i A B SR I
RIS BAA AT SR ) T 2 S 8047k
1.2.6 AR R EBAE LR
1.2.6.1 DPPH - H H&EiERRFM &

TE 96 FLAR I FL H AR TN AS 7] 57 5294 B35 46
(R FER 50 uL LA R B 4F 1) DPPH « ¥ R 200 pL,
FE IR T 517 nm A N IEROGLAE 4;. H 200 uL
95% £ WEA ¥ DPPH - ¥, W & o BEAH 4;.
50 uL 95% CBEAREE AN [R] Jot 5 BEA FE AR 8
Lk K W FR A (BioTek Instruments, Inc.) il 58 WK % BF
B Ao MR GOTHETEEY) X DPPH - ERRZ:
_Ag—Ai+A;

Ap

A k) 9 DPPH - J5 BR 3 s A; J9FE IR RO B2
1B 4; J9RERL S A HIROGREAE: 40 7 XTI
W FE AR
1.2.6.2 ABTS' - HHEEHERRZM E

# 7.4 mmol/L ABTS" « {5 2.6 mmol/L i
FRAPVEMIZ A FILL 11 IR A, EIREBEHE 12 ~
14 h, fH| pH7.4 [] PBS ¥ BE 2 4E 734 nm AW

ki x 100% 3)

xR 1 AEEBRLEAEFBH TR
Tab. 1 Different types of deep eutectic solvents

74 R H A Composition of solvent system

{KSL4A 777 Deep eutectic solvent

& /K Et Mole ratio

&34k Hydrogen acceptor S M4k Hydrogen bond donors 7K Water
DES-1 S ALJEBH Choline chloride 7 =& Glycerol /K Water 1:1:4
DES-2 S ALJEHH, Choline chloride H %1% Glucose 7K Water 1:1:4
DES-3 S ALJETH, Choline chloride JKZ Carbamide 7K Water 1:1:4
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FEAE N (0.70 £ 0.02), % H . 7E 96 FLAR Ak m A
30 pl AN [A] 5T E R FE AR FE (AR, 270 uL ABTS' « ¥
W, B E 6 min, £ 734 nm AW A, 5 E 4,
F1 30 uL pH7.4 [ PBS ¥ AR B FE W, 5 WO B
18, 135 oo JT 270 uL pH7.4 PBS A% ABTS" -
VL W58 W AR, 15 31 A0 ARAE DT
MY ST ABTS' « iEBE ky:

A-A
ky = (1 —¥)x 100% 4)
Ag

s by N ABTS TERRE, %: Ay A7 U HRIBOGEE
18 Ay NFERBOCBEE s A, NFER A A ROGEEE
1.2.6.3 EIEJE ST 5E

£ 5 mL BB AR OMA 0.5 mL A [F] 5T &
B I FE, 0.5 mL 0.2 mol/L pH6.6 s & £k 2% v Wi,
0.5 mL 1% Sk FALFE W, #2515 50 °C 7KK 20 min
Ja s IR H, FHARZOMA 0.5 mL 10% =& LR
W, 251, 78 4 000 r/min 2514 K &5 10 min. 7E 96
FUBC AR NN 150 uL b3k B8 0 J5 AR [ Jod ik 3
1) BB W, 150 pL 2558 7K, 30 nl0.1% &ALk W,
IRA], H#E 10 min, 7€ 700 nm AW G EE (),

2 HER G AT

2.1 REBBFIFERIEREF
PLVBCELEE 10 mL/g i 75 Zh 3 300 WL HE /5 i S

Ilra
) /AN—‘
9l
A M

5% Yield/%
oo

6l
5 I I I I I )
8 10 12 14 16 18
WKL Liquid-solid ratio/(mL-g™)
1y ©
10}k H/‘\‘\*_’__%

83 Yield/%
(o]

7: '_’/{’\‘\'__k,,-

#i75 B [a] Ultrasonic time/min

- Z[i}#5% Polyphenol yield

30 45 60 75 90 105 120

44 °C., FB 75 W Bh 3L B 56 min 7E A 22 By & R (R 32
HUZ&AE, 3 FPAS [R5 1 77 6 22 W o5 T ) 45 2R 1)
N 2 Fios.

x2 REAFINZE. EWMEEXRNEMN

Tab. 2 Effects of extraction solvent on yield of

polyphenol and flavone
IRIHE IR EZci s GRS
Types of deep eutectic solvents Polyphenol yield/% Flavone yield/%
DES-1 7.66AB 10.11A
DES-2 8.07A 10.05A
DES-3 7.38B 9.15A

: FBVEUE G AN RR S ERER IR 22 57 .35 (P < 0.05). Note: values in
the same column followed by different capital letters mean that the
difference is significant at P < 0.05 level.

HH 3% 2 AT %1 DES-2 X} 2 My (1) 52 B8R 3 4, X
se T DESs 5 2 Wb &9 2 8] & BEAE 1,
R BN Yo R N S PN E S N T 1
K BEREN A VI, Z P 5 A s R i 2
Wiy &5 4 B 3 A BT, DES-1 % 35 i (1) $2 B SR fix
£, 1 DES-2 5 DES-1 $& B3 B (1) 43 420, HiZ
BiREREEE R, P T LB ESHET. 45,
%P DES-2 BIV&U A4 IE G5l RN 38 47 15 i 4 IO IR 45 5 711
VRt By A RA ST B ) e A4 U 771
22 RINBERHRNEERKRIW

ANTRIBRORE EL 75 T 26 s I [R) R 7 iR R

o RAMAEHE I R 52, S5 R ILA 1.
11r b
1ol \/\‘A‘
S of
=
R
> 8t
& 7t
6k
240 270 300 330 360 390
#E7H T)# Ultrasonic power/W
g
10 | 1 ]
§/§_’_‘}7 T T
£ o)
=
Q
=
& 7
6 L
5 1 1 1 1 1 J
30 35 40 45 50 55
AR EE Ultrasonic temperature/°C
—— 1515 Flavone yield

1 AR 2O S A R A

Fig. 1 Effects of different single factors on extract yield
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e 1 AT, BE S ROR B R R T R ]
I 75 IR R PR 1B T RGN, R BT SR I IR AR R e AR
FAAL, e BTG T B, X AT e R 9B A S A )
(RHE N, KT JERE S VA R A B T AR, (240 1 R A
FA BT o RS VE B AN Vs JE T B R VA A, 18
TR T A S50 5 0k A T 20 A ]
TUT DASE 78 73 6 B FEAARA BT 2H 23 1 400 Jf e 1 47 1k
W, 5 bR B U R T, BN T S R A AR i
PEV BT . (H 28 DR KT 300 W, B A I
(B3 60 min FRFLE KT 10 mL/g B, 4k 28 o A2
R 27K E, SR 5 2 T B S sl (A B3,
X F] R A2 AE P I TA] A B 75 T 20 v A 0
T, A A M BE A Be % i — P AR, 5 LRI

CE H YRR, FE3US R K. EAE TR
) 330 W S A I, By R AARA S 2N I L e ) J
5 G — R th, s & e, 1
J& SCRERBIR, 5 B 45 248 K Bl T 28 1) e A T 2
I AR P AR A s I R 3 0 B — e AR LI, 2R
TR SR U 78 7 B Y, T4k 2R3 i 7 vl e 2
EU) R B B AR R B, R BUSRE T R .
23 MNEERERESH
231 wmp@ERLEF ESH

AR B R R I S B 45 31, 430l DL 5 AR R &
Z Wy 1S3 0 A, DABCEIE, B D, R
I T, 8 P I B D B A B, AT I L I AT e g, S
97 R R RN 3 Fiw e

R3 MEAZBARRER

Tab. 3 Response surface design and experimental results

A TORHEE e I 1]

Experiment No. Liquid-solid ratio/(mL-g™") Ultrasonic time/min Ultrasonic temperature/°C Ultrasonic power/W Polyphenol yield/% Flavone yield/%

1 10 60
2 8 60
3 12 60
4 10 75
5 8 75
6 10 60
7 10 60
8 8 60
9 10 45
10 8 60
11 12 60
12 10 60
13 10 45
14 10 60
15 10 60
16 10 45
17 10 60
18 8 60
19 10 75
20 8 45
21 10 75
22 12 60
23 10 75
24 12 75
25 10 60
26 10 45
27 12 60
28 10 60

29 12 45

BT e CEEE A
35 270 6.367 9.132
55 300 6.186 9.919
35 300 6.459 9.773
45 330 6.465 9.126
45 300 6.628 9.071
55 330 6.828 9.593
35 330 6.569 9.303
45 330 6.361 8.892
45 270 6.465 9.889
45 270 6.485 8.691
55 300 6.922 10.184
45 300 7.571 10.548
35 300 6.027 9.830
55 270 6.511 10.120
45 300 7.617 10.245
55 300 6.655 9.633
45 300 7.513 10.364
35 300 6.204 8.633
35 300 6.454 8.316
45 300 5.969 9.771
55 300 6.897 9.303
45 330 6.127 9.694
45 270 6.741 9.600
45 300 6.279 9.979
45 300 7.686 10.390
45 330 6.384 9.936
45 270 6.721 9.109
45 300 7.277 10.054
45 300 5.636 10.192
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Z R ALNE A 5.636% ~ 7.686%, BHi1F% &, BB L REMRE ZMEREMERTFE ys. EEH
HIARIE N 8.316% ~ 10.548%, W 9246 ¥ i3k 47 [ 19 R ENH TR yy FIT 2250 PR (3R 4 1K 5).

x4 SBMAESWR

Tab.4 Anova for response surface quadratic model of polyphenol

J7 ZEHUR Variance source 77 F1 Sum of squares H H & Degree of freedom 377 Mean square F P 21 Significance
R Model 6.360 14 0.450 6.90 0.0004 *x
4 8.060 x 107 1 8.060 x 107 0.12 0.7317
B 0.450 1 0.450 6.86 0.0202 *
C 0.310 1 0.310 4.66 0.0487 *
D 0.026 1 0.026 0.39 0.5418
AB 6.400 x 107° 1 6.400 x 107° 9.718 x 10*  0.9756
AC 0.058 1 0.058 0.88 0.3646
AD 0.055 1 0.055 0.84 0.3753
BC 8.556 x 107 1 8.556 x 107° 0.13 0.7239
BD 9.506 x 1073 1 9.506 x 1073 0.14 0.7097
CcD 3.306 x 107 1 3.306 x 107 0.05 0.8259
A 3.180 1 3.180 48.28 <0.0001 **
B 2.510 1 2.510 38.13 <0.0001 **
o 1.240 1 1.240 18.84 0.0007 *k
D’ 1.280 1 1.280 19.44 0.0006 Hok
k7 Residual 0.920 14 0.066
eI Lack of fit 0.820 10 0.082 3.37 0.1265 A2 Not significant
4lii% % Pure error 0.098 4 0.024
S Total 7.290 28

VE: N ZERIRE (P <0.01), ¥ NZEF TP <0.05). [, Notes: ** means highly significant difference (P < 0.01), * means significant difference
(P <0.05). The same below.

x5 HEEAESTER

Tab. 5 Anova for response surface quadratic model of flavone

77 Z£ KR Variance source 77 Fl Sum of squares [ /¥ Degree of freedom 3477 Mean square F P M Significance
I Model 7.580 14 0.540 4.45 0.004 2 o
A 1.300 1 1.300 10.72 0.005 5 Hok
B 1.240 1 1.240 10.19 0.006 5 Hk
C 1.180 1 1.180 9.72 0.007 6 *x
D 7.500 x 1077 1 7.500 x 1077 6.169 x 10° 0.998 1
AB 0.059 1 0.059 0.49 0.496 4
AC 0.19 1 0.190 1.57 0.230 1
AD 0.037 1 0.037 0.30 0.590 5
BC 0.350 1 0.350 2.88 0.1116
BD 0.068 1 0.068 0.56 0.467 3
CD 0.120 1 0.120 1.00 0.333 8
A? 1.080 1 1.080 8.91 0.009 8 **
B 0.650 1 0.650 5.34 0.036 6 *
c 1.200 1 1.200 9.86 0.007 2 *E
D? 1.700 1 1.700 13.96 0.002 2 **
%7 Residual 1.700 14 0.120
JAIH Lack of fit 1.570 10 0.160 4.64 0.076 3 3 Not significant
41 % Pure error 0.140 4 0.034

SR Total 9.280 28
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y3 =7.53 +0.0264 + 0.19B + 0.16C — 0.046D —
4.000% 10°4B+0.124C—0.124D—0.046BC—0.049BD +
0.029CD — 0.704> — 0.62B> — 0.44C* — 0.44 D"
A4 NHCRHEE (mL/g), B N R I A] (min), C A
AR IR ECC), D N IR (W),

1,=10.32+0.334—0.32B+0.31C+2.500 x 10*D+
0.124B — 0.224C + 0.0964D + 0.30BC — 0.13BD —
0.17CD — 0.414%> - 0.328> — 0.43C* - 0.51D*

Z B AL P = 0.000 4 < 0.01, H &% %
S, I 0.126 5> 0.05, Z R AR E, BT E
PEEF, MR R B r=0.873 5, R3=0.746 9, T I,
A FE R Bl 2 e BEAL R 22 51 kS, 522 /N 3 BH 1] )
TR (0L B K B i, ER R 4 R, BT R Bk
N00.92, Uk BB B A B AT AL A R B s 4R 2
/INZR W S BG Io R R R 2 R, Y AR
0.098, & BH 546 1% 22 AW 2 A ih, v T 5 R
AT i 22 T B S 58 TR0 K 45 SR 40 A o % [l U A
BEZ Vel A, & 4% BA CL D W 2 e R
SRR 53 (P < 0.01), B3R B, C X 2 M3 F 5 m 2
#(0.01 < P <0.05, K% 4. D M5 H I AB. AC,
AD. BC. BD. CD R %M H.AZ HAE X 2 W32 (15
Ml AN 835 (P> 0.05) . H3R 4 BB 43 # 7 2 T 43
A\ B, C\ D 4 MR 30 2 By 45 26 10 52 0 I 5> B
FIFIAD > CGHRAIRT) > DGBRIHR) > AR .

Z A AR EL ) P =0.004 2 < 0.01, £ #% 23% %
S, RN 0.076 3> 0.05, Z R T E, Ak E
PERUEF, AR B - = 0.816 6, Ry = 0.633 2, T 41
B R, FRZEN 1.70, 4R 20N 0.14, R Z 5
(A A2 A i HL SE AR 22 v] 2 AT, W5
AR BT J B T 2 B S 6 TN B &5 R oy it o Xt 1Bl 1
BRI ZZ PR AT L IR 4L B CL A% C° D X i
A 45 R A A 2 2 (P < 0.01), B? % 8 i 45 28 5 (5.
3 (0.01 < P <0.05, & H I AB. AC. AD~ BC~ BD-
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