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Abstract: Objective To investigate the total flavonoids extraction process, solvent extraction rate, solvent recovery, and utilization
using a new green solvent that nature deep eutectic solvents (NADESs) extraction of total flavonoids from Polygonati Odorati
Rhizoma. Methods The extraction technology of total flavonoids was optimized by response surface methodology. The extraction
efficiency of NADESs was evaluated by literature comparison and NADESs was recovered by macroporous resin adsorption. Results
The NADESs (mole ratio 1 : 5) synthesized by sodium acetate and lactic acid was the best medium for extraction. After optimization
by response surface methodology, the extraction rate of total flavonoids reached 20.13 mg/g at the best extraction condition of water
22%, extraction time 51 C, extraction time 21 min and liquid solid ratio 21 mL/g. The extraction rate of NADESs was significantly
higher than the existing methods reported in the literature. The recovery experiments showed that the adsorption efficiency of NAK-9
on total flavonoids (88.67%) was significantly higher than that of D-101 (77.33%), and AB-8 (79.15%). Using methanol as solvent, the
total flavonoids in Polygonati Odorati Rhizoma desorption rate was 80.46%. The recovered NADESs can be used for the extraction of

total flavonoids in the next round, the extraction rate was 18.79 mg/g, and the recovery and utilization rate of solvent is 94.56%.
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Conclusion NADESs has the advantages of high efficiency, green environmental protection and can be reused as extraction medium,

can be used for the extraction of total flavonoids from Polygonati Odorati Rhizoma. Meanwhile, the result provides a new idea that

NADESs as an extraction medium for the extraction of other effective components of traditional Chinese medicine.

Key words: nature deep eutectic solvents; green extraction; response surface methodology; Polygonati Odorati Rhizoma; total

flavonoids
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Fig. 1 Total flow chart of total flavonoids by NADESs

extraction from Polygonati Odorati Rhizoma
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HAEEHIHAIPHAA. HBA 5 HBD HAETEHAR 2.6 EMEEIHENENITE

P NADESs, WK 1 fin. 55 CkikiE 77
Y B BT A I B R F L PR AR, s NS v 10
BEIEAEN, BL 95% st 23 Hihn 3 f5&8/KfE 7
R, o 28K e = Rk, 4% AR,

&1 A[E%E NADESs
Table 1 Different systems of NADESs

T HBA HBD L/)riiik=a=d
NADES-1 R R 1:3
NADES-2 R R 1:3
NADES-3 LR Ham 1:3
NADES-4 Tt R A LR 1:3
NADES-5 Tt R FLR 1:3

2.2 EMREERIHREL
EMPREEAT K 2.00 g BT EERSRS, N

A NADESs 38.0 mL (% 7% 187K 7 28%), VR A19%51,
MREE, BONERE KBS, 5 51 C A
PEH 21 min, AHRZ=RIFANETE, BREES

B0 N, 3000 r/min &0 30 min, FUUE, HLE
TEW 30.0 mL (RN 52.6 mg/mL), BIAEAT
RSN 5 7t
2.3 XEREARIT &

K AR I R AR R A A T 15.0
mg, B 5SmL&RF, MATKLERERZE,
C 1) B3R AR P A 3.0 mg/mL 7 T 0k R VA
SRS 7 ol R 3 R A o B VR 0.1 0.2 0.3 0.4,
0.5 mL T 1 mL &+, HIKERERZE,
HIFC
24 mAWBCHAKETRE

BB “2.37 TonH R S, SR AR B AN -
THERER L ik, FEK 300~700 nm FiE4T %14
i, AR BRSO KA 510 nm.

25 LMXRERE

FEEFEEL “2.37 T RIS 0.2 mL, A
5% A BREN VA 0.5 mL, $#%£21, XM 6 min,
N 10%[FI RS BRAZTA TR 0.5 mL, #5457, V4 & 6 min,
BEIMAN 4% AN NER 4 mL, $E5), B 15
min, 7E 510 nm AN E R IEE (4). BL 0.2 mL
TR CIEFE FIREERE N ZS L, R AR AR X R T TR
JREWRE, PBbrlAMH, ehlbriEtisk, 2EH
J5HE 4=0.238 3 C+0.035 6, ¥=0.999 8, FH]™
THE 0.018~1.500 mg/mL & RIFHILERR.

IR SRR 0.2 mL, HIA 5%
(T RSEREN AR 0.5 mL, #25), &M 6 min, JIA
10% R BRER AR 0.5 mL, #2%5), RR4A 6 min,
B JE N 4% AN 4 mL, $E5), B 15
min, 7E 510 nm JKANME 4. ¥ 4 [ERNBRAE
L RAFXT L B o R A, PRI A AR AR
FAT SRR

Y=CVD/M
Y REAT B EEREIRIE, C IR bR 2 R A5 8
KRR, VRRMAT, D AFRAGEL MR R
2.7 NADESs B IZEUGAE R

%2 5 fUR[AIZEM NADESs 414 ([E%E HBA
5 HBD IR N 11 3), Skt NADESs
FH, FMHEE 6 %*Tﬂﬁﬁ#@fﬁﬁﬁ%tb (1:
3.1:4, 105, 1 2D, ﬁhﬁdﬁMﬁm

E’”ﬂﬁiﬁﬁﬁ%ﬁiﬁ’]%tlﬂ/ﬁﬁﬂiﬁ NADESs. % %2
4 ARSI R HE A (P=79 W),
Ii#ERE (T=50 C) Fn#iEsE (T=50 C. P=
T9W), FHEAEREUT A T R B S HR .
28 BERER

LIRS AR R L (UL R AR K LR, 0
20%- 40%- 60%-. 80%). HEHUIELEE (30, 40. 50,
60+ 70 80 C). FEHUH[A] (104 20+ 30+ 40+ 50 min)
AIRE L (104 154 20, 25, 30 mL/g) X B4R
BRI, X 4 AN R ZOE B H i HE KT
J5 2 Box-Behnken ¥ 11'(Box-Behnken design, BBD)
2.9 BBD 1§

KH 3 7KF 4 K% BBD 286 54k FAT SR
PR A EBOUKILE (XD, $EHCEEE
(Xo) $REUA] () FAVRIEEE (X)) PRI e
BRI 3 KF, lbi-1. 04 +1 4fis, RE5K
:FixiJrJLi% 2, BBD ;%‘ﬁmﬁﬁﬁﬁ y=hy+

Zb,x,—FZbl,x, +z 2 byxay F y AR

i=l  j=i+l

*2 BARSKEE
Table 2 Design of factor and level

KFE X%  X/C Xy/min Xy/(mL-g ™)
-1 10 40 10 10
0 20 50 20 15
+1 30 60 30 20
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BRI, xiv xp AAFBIEZE, bov biv bus by 77
AAENETTFEEEE . PR 2R R A IR R EAN
2.10 R EAREK NADESs £5 FI i stif

WS A B ) 3 B AN [\ BY S5 1) K LB I
(NAK-9. D-101. AB-8) 347 AT & Sl [ 5256 .
7t NADESs sfEHEHUAMF T, K% I NADESs
FEHUK 10 mL, 43 AN F B R FL i 1.5 g
3 g, IREHE G, £ T TRRRIREE 12h (150
r/min), Z R BER S, B EFERH
T2 AT BB 2E 5 W B T ) A LR i gk
1T3ERL, KALW N5 NADESs $&HGH % &
M, ¥R#E 6 h (150 r/min), P KFLH AR, 15 HEE
fR R BV NADESs &R BIWCRI A, HTF—ik
T AT S R, I R A A B R SR R
211 G EFEEE

M J57 g T AR Py [ 0 7 R S ORH S B P S R
Design Expert 8.0.6 #AF#EAT 1HE A4 o 1H B
X +5 R $dligh FR A SPSS 21.0 Suit- it
1777 2250 W7 o 22 A1) LU IR F B0 R 35 77 22 23 1 (One-
way ANOVA), LR ¢ K55, P<0.05 B A
DEMER, P<0.01 RAEWREEEZER. BEM
R PE S R F A [BH RS R AT
SEo 1A B R BT 1, Ui R AR T 5 . T
W ZHON T RO, BRI 5.
3 RS9
3.1 NADESs XA LIRS AL EER
3.1.1 ANEMZENADESs X A S EAHR IR LM 3
BUORE . VEMREE. BRPE. Rnvk Sy, B AN AR 4
7% NADESs $&HUE S B R R, G5
(] NADESs A £ T4 U85 (78 50 i 2. AHF 52
Rt 5 FhAIA NADESs 257 (npga-nppp=1 : 3) 1E
A (P=79 W, T=50 ‘C. =20 min)
X R B SRER RS . 45 R NADES-1,
NADES-2. NADES-3. NADES-4. NADES-5 {2
BUR 518 (5.73+£0.13), (5.4240.15), (11.85+
0.90). (13.1640.22). (12.20+0.43) mg/g (n=3).
25 SR T, S S PR U EE /N NADES-4 (B TR
/FLIR) >NADES-5 ([iffR%%/FLI%) >NADES-3
(FLM/HE ) >NADES-1 CERBR/A & >
NADES-2 CERFR/BERE), H NADES-4 & 27
PEHUCR e, 1A 13.16 mg/g, 1 NADES-2 ¥ fil 2 HL
Rk, HAH 542 mg/g.

3.1.2 HBA 5 HBD AN[A#5 1) & B A 2 B 42 HY
RN HBA 5 HBD 2 [R5 i & EU AR P,

NADESs )% FEAIZR 5K /7 i BEAE WA, v LA hn
RPEEER, PRI BE ) BRI 2 S B ER T B %
1, AT M B MR R, PRl b 2 3d A L AR X A
TR A BUSCR B AR K5 . 34K NADES-4
(BERRAN/FLIR) RIS, %% 6 MR RN
ME (1101 :2.1:3.01:4.1:5.1:6.1:
AR HBA-HBD LI AT 210 1220 113, 1
4. 1:5.1:6+ 17 BARIESH AN
(8.16%0.19). (11.46+0.46). (13.07£0.13).
(14.02+£0.32). (15.87£0.45). (14.97+0.24).
(14.59£0.30)mg/g(n=3). HZE R AT 51, NADESs-4
YIBHIEREE T D 13 105 it 2R, BATE
T A R T N, 4R E L 1 D S B
PEHUERIL 15.87 me/g, {HAE, FEAE YRR R4k
SEMEN, SEEERIRECR BB GE S . Fit, &R
IR 11 5 NRAER L.

3.3 AFEFRBUTEN S ER DR R AR5
LI T INBGE A (P=79W. T=50 C). #im#
A (P=T79 W), IN#iHE (T=50 C) FIHE M+
4 FOARNFIFREC 0 BT R B R BCR 52 m . 45
FhnRalE R IS AR FIRBE R
R 518 (15.9740.37). (8.24+0.65). (10.93+
0.64). (6.33+0.98) mg/g (n=3). HI%5F A4,

R ) TV S W SR R, R 633
mg/g, TR 7%, B RCR e

1K 15.97 mg/g. H I B A R P52 7 {1 ke 2 i
R EERE.

3.2 BRERIWHER

3.2.1  AFEIKEAG S A e K )
Je] NADESs $#RBUKERMELZESH, HA W
NADESs 2 5 AR A P2 [ e SR BGRE 50 °C
FEHUSE] 30 min. ¥EE EE 10 mL/g, FHEAFKLI
BIRERE (0. 20%-. 40%. 60%-. 80%) W T4
P B R 152, 45 5K ELA N 04 20% 40%- 60%-
80% I A2 B R 43 il (13.074£0.09). (15.54+
0.37). (14.15+0.75). (10.20£0.46). (6.58+0.29)
mg/g (n=3). M LIEE RIS, KGN 0
W, RGEEHRECERIE 13.07 mg/g, B K LG4
I, 2k E 20%0E), B ERFRECR Y 15.54 mg/g,

M Ji5 SR S0 H g TG K L Ag), S s R SR ER T B
Mk 20%1E R 7K EL A IR 2 e /KR
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322 AESRBGRE S SRR AR
SEERTIRT Y, 3 IR P RE 4K NADESs
MIZGRE. By H R A, IR F IR EAER,
NI i DR (R e o [ s K LA 20% $RER
FA] 30 min LAAGRE EE 10 mL/g, 2% EEAS [EIE A
JE (30, 40, 50. 60. 70 80 ‘C) XJ EATA HEMEiH
R py s, g5 RARHCEEA 30, 40, 50, 60, 70,
80 CHIHIFEHCR /37N (12.80+£0.38). (15.73+
0.33). (17.83%£0.69). (16.00+0.43). (14.62=+
0.88). (12.2140.45) mg/g (n=3), Wi LI LE
AR, BEETERGE G, T PR ER S
JEBRAG, HIRBGR IS 50 CHF, S EEE R
. AN 17.83 mg/g. HUESE 50 CEATRHGHEE i
FEIKF.

3.2.3  AN[EFRHUS R ER R HCR R $EE
R[] 0o 3 2 A 2 4 s . B TR B,
FE—E IS AV BE A, V1 s Vs ) 23 o o B 1] (1 384
M, AMIAR—ErEE, Bk RBEERA
B PATI I R A AS K, [ SRR 50 °C
IKEEH] 20%. TIE L 10 mL/g, % %A R[] B
(10+ 20, 30. 40. 50 min) X EAT A BEEAHRER )
RO, 25 SARE T2 104 204 30+ 40, 50 min I
IR > 5N (153140.54), (18.13+0.76)
(17.01£0.56). (15.18+£0.89). (15.17+0.69) mg/g
(n=3), Wit SLIRLE R A4S, 7€ 20 min N, ST
PRI 2R o A B EAST (W) (0 386 A0 v 38 0, s T A 18.13
mg/g, FRRIGINPEEET (], AP ERFREOR BT
s, XATREE H TR, B R e AR
PEEC S B SN, AR T BB AR R P B A X B 2
AR E A — e, IR, Wk
$£ 20 min 1E P [ e £ 7K F o

3.2.4  AS[EIE O B ERSE ECE 520 NADESs
PR T 2R R R 7 o iziE . Histb & 45E
A R, DRI 2 S ] LU AT e B S
AAEEEH. FHeKe 20%. FEERE 50 C.
PEHUT ] 20 min, FEA[FEIR A LLEEE (104 15,
20, 25. 30 mL/g) X RAT S ERGE IR R, 25
BRE L 104 15, 200 25, 30 mL/g B AOF2ECER
SN (16.64+1.41). (18.2940.47). (19.46+
0.49). (19.10£0.83). (18.74+0.82) mg/g (n=3).
TSRS, BEERE LN, 2586 7R,
o TR B AN WS T, 49 ok 2] 20 mL/g B
BIEESR R IE B I RAE, N 19.46 mg/g, VLA FE

PG IR E B, RSB PRIR AR A K . MOESE 20
mL/g 15 i L f K

33 MaNE (RSMD) UALIEEREMHER S
331 Guitor AT RS RA BBD SEIRW
F 3K 4 ANEE, B 5 ANEEERRH T
YA BUAR Stk AR 72 P . BBD 2B & Mg 50t M sk
AR INER 3 s XEARIEAT 8, BT
Y=-90.711 97+0.735 44 X,+2.670 07 X,+0.739 75
X;+2.536 83 X;—4.81X10° X X,—6.125%X 10>
XiX5+0.022 585 X.X,+7.7X107° XoX340.025 42
XoX,—0.010 1 X3X,—0.019 162 X;°—0.032 068 X, —
0.019 006 X5°—0.096 339 X,°.

M2 4 ATHn, BEAEIH R 2 =0.982 6, P<
0.01, UiHAZAR AN R, ATHT BT
WA I BT o AR AR, — KT X, Xo.
X Xoy THI XX XXy XiXas XoXss XoXis XoX4
PLEC IR X2 X X5t X7 AT S B R
RN BA BEE (P<0.05). J7FERIRIIRN P
fH50.296 9, FRIHXFSLIOLE RAEIARE, ¥
AR RLUT; Ry =0.965 3 Al fRBEAR R 96.53%
WA SR 2B Rped =0.913 1, R,"=0.9653, —
HEREGHNEEN (R Rprea’ | <0.2), B9
R BRI R . RSN 25.367>4
— B RABR TS
3.3.2 RSM Zp#fr i S T = 24 LR 45 iy 2 B ANY
AT DR AR 2 MM LR, i LT DA AR
(R RE ELAE P o T8 e R 5% o T AU e 1 X
Wi AR SRR, RS e, BP IR, Ut
WP B A EAE R . X Xon X A X, 6 BAT R
WEHRBCR I 2 Fis, 4 HEZ AN E
i T 4 E A TR B R, o B 7 7 R 3 2 D4
VISR BCR R . i g R 5% 4 07
ML RAMA S (P<0.01D). K, WRIEMET
TN T 22 03 b 45 SR T A5 I N8 e P e PR B 2% A=
Xi N 22.12%. X,950.97 C. X34 20.75 min. X,
N 21.36 mL/g. FERIRAEMT, EAITE IR
2 B 5 K TR 20.13 mg/g. N T SEIGEFIME, X
ANRRRAEERTELBL T : X,=22%. Xo=
51 C. X;=21 min. X;=21 mL/g. } 7 iESZTM
BT, ERA TRTIOIESES, 8%
VP ERFECR STE S (19.8740.21) mg/g (n=
3), HTMME 20.13 mg/g JEHEIE (P>0.05), Wt
AR TN R 4, W] P R SR R R
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#*3 BBD IHWRITEER
Table 3 Result and experiment design of BBD

WY X/% X/C Xymin X/(mL-g") $#HE/(mgg")

MWME X/% X/C Xymin X/(mL-g") FE/(mgg")

1 0 1 0 1 16.280 16 -1 0 0 -1 15.434
2 0 1 -1 0 19.920 17 0o -1 1 0 14.234
3 1 0 -1 0 20.010 18 0 0 -1 -1 20.123
4 0 0 0 0 14.120 19 0 0 -1 1 13.634
5 -1 0 -1 0 19.330 20 0 1 0 -1 16.470
6 0 0 0 0 14.030 21 -1 1 0 0 15.110
7 0 0 0 0 15.090 2 -1 0 1 0 15.410
8 0 0 1 -1 16.820 23 -1 -1 0 0 13.800
9 1 0 0 1 16.634 24 0 0 0 0 16.810
10 0 0 1 1 16.870 25 1 0 1 0 15.133
11 0 0 0 0 14.720 26 0o -1 -1 0 20.130
12 0o -1 0 -1 13.530 27 0 1 1 0 13.720
13 0 -1 0 1 12.420 28 1 0 0 -1 14.754
14 -1 0 0 1 16.170 29 1 -1 0 0 14.550
15 1 1 0 0 18.734
F 4 EVMEBFES
Table 4 ANOVA for response surface regression mode
HER  TE HHE  FA PiA BEME | FERE  HE  HHE FHA PiA BEE
MR 137.87 14 56.57 <<0.0001 #tEF | X’ 66.71 1 383.18 <<0.0001 L%
X 3.99 1 22.92 0.0003 MHEZE | X’ 23.43 1 13460 <<0.0001 WEE
X, 1.04 1 5.97 0.0284 &3 X2 37.63 1 216.14 <<0.0001 EE
X, 1.92 1 11.04 0.0050 MEFE | *kE 2.44 14
X, 12.48 1 7171 <<0.0001 fEZE | KL 2.00 10 1.82 0.296 9
XX, 0.93 1 5.32 0.0370 & aliR 7z 0.44 4
XX 1.50 1 8.62 0.0108 & psviil 140.30 28
XX, 5.10 1 2930  <<0.0001 MWEFE | R 0.9826
XX, 2.37 1 13.62 0.0024 MREE | Ry 0.965 3
XX, 6.46 1 3712 <0.0001 #REFE | Ryed 0.913 1
XX, 1.02 1 5.86 0.0297 & W 25367
X2 23.82 1 136.82  <<0.0001 #ziE3%
34 BEHERNENEERR K2t KB, NADESs 1EN FAT 5 fi e B0 7

H A, SCRRTRIE 1) AT A B R E 3 2 DL 2
PR N FREUE ] o 10 BT HR R IE 1) R AT e S
RARIREUTE (ZERBGERPY . WEIREBGESD,
FEFSEFAE T, SA P24~ NADESs
PERUAHH T . R 5 A, EeE 3 RRREUT
%, KIL NADESs &l Bl i, 1k 19.16
mg/g; HIRN 85% N, MEEEIFEIEIE 13.31
mg/g; T 70%CEEFEIRE R, R 8.88 mg/g. ¢

SRR =T 70% LA 85% Al (P<<0.01),
mH, ZEERNEREAANIREGER], W& A
REF e EER, AW RRATRS A
JiR%. [Ak, NADESs {F N8 Bl BGA R A — &
Rtk
3.5 REMEHEY N NADESs EEFIH

SR EE R EAER TR EASRI T i [a]
Y. NADESs 1E & Bua ], HASIERIK, HH
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{REUE/ (mgg )
PRINF/(mgg ")

PRINF/(mgg ")
R/ (mgg ")

/
Py

Xa/min
15

X/(mL-g™") ==

17 ™

HEUE/(mgg ™)

BaT T

X4/(mL~g71)‘““"xxr/—T§ Xs/min

2 X Xov Xan X REAERXTEN B RETHRENR S0 HY 00 R
Fig. 2 Response surface (3D) showing effect of X, X;, X3, and X, on yield of total flavonoids

x5 FEREAENETREIRIELRR (n=3)
Table 5 Extraction of yields of total flavonoids by different

extraction methods (n = 3)

*6 AEIXRFLBIAEX E 2 RERM R (n=3)

Table 6 Adsorption of total flavonoids from NADESs

extraction solution with different macroporous resins (n = 3)

PRI PRI/ (mgg ") KA 2 H&/g PRIUE (mg-g ")
70%Z. B 8.88+1.60" NAK-9 1.5 76.00+2.31
85% A i 13.31+2.58" 3.0 88.67 +2.60
NADESs 19.16+1.15 D-101 1.5 72334320

15 NADESs i: “P<0.01 3.0 79.15+2.12"
P <0.01 vs NADESs AB-8 15 67674145

3.0 77.3340.88"

PR R GG ANIE A ARl Rk, FHAEE M
J7iER NADESs ()t — 2k £ R EE . HATikiE
[FI3CHRkH, NADESs o] AIE I 5 — k. [EIAHAR
IR AT B, (B AR TEANAR B B e/ 52 4%
I ML TR, KU R P B A 4
Ef B . ARMCER ML, S8 A T Bk
NADESs?", A7 %52 3 FhASE RS (K FLI g
(NAK-9. D-101. AB-8) X A7k B i W B 26 F 52
M, S5RKH (K 6), 3MMAERA &M,
B AR P TR0 o, R B =R B R 8 LR iy,
o NAK-9 W ik 88.67%. 4R E N
3 g i, ¢ K6 as R NAK-9 W3R 5358 T
D-101 ll AB-8 (P<<0.05). [AI, % H Ao Wi ff
TR IS 1) NAK-9 fEWR B, ffR 2815 80.45%
g, SR KFLR G EI NADESs fiif#.. 3.

5 NAK-9 lL#: "P<0.05
"P < 0.05 vs NAK-9

SR KFLR B 5, NADESs ¥ mI 4
FWCRI A, HT T —IFHR ka3 . Rk T
NADESs H 1) 2 55 i 52 Wi, A S 56 5] US fS 1)
NADESs 2 2 X BT B30, HIBHRIA
18.79 mg/g (n=3), [FISCFIFHZA 94.56%. UL
], NADESs £ KA AR B I, 177 5o B PR
CIREM/NEIL el
4 £5ig

AR H T — P RS AR EUA T NADESs
FF BT SR IR, R I i BE R AN FLIR & i
1) (PR LN 10 5) RIS A N IREUY
JiT o 20 BR DR 2R 2 SR I VAR A T A e ) e A
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PR, I S48 G WL TR e B PR 26 LA
JG K, NADESs {EAEN & H B i AE &
B GRS . [FI, NADESs Jiikit s
BRI B AR A E R, I T EE A
R, ABF7esE %W, NADESs {EAHEUN A
A GEHRETESRASERS, THTE
1 SRR A S IR EL, [FIRS, A 4558 NADESs
VERFRIA 57 S T oAt b 256 2502 o SR R A3
R

A Fi K F NADESs & 4% Gu A HLIE FIHE L &
VPESEE, SROMR, (BARE— A A Ry e gt
F, BRI KA AE AT A B R FH 175 77
BORH—, REEE LRI ARVE XS K FLA B A b
0K, NADESs EEMAHEIA R T . FK
ARSI R, 2 NADESs HEHUEAT B 35 i b A% 48 v
FUBEHURICR 7y, AHAS S0 J5 2256 1 3 J T i i 1
FA R o A TR 75 AR I R AT S,
ARSI IEHEATIRE, 1Z L2 ES TR =, &
R T TR A =, it — Bkt
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