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Abstract

To address the challenges of low efficiency, high environmental pollution, and high cost in the indus-
trial purification of dihydroquercetin, this study developed an integrated purification process com-
bining green micellar flocculation and anti-solvent recrystallization using larch wood powder as the
raw material. The process parameters were optimized, and the core purification mechanism was
elucidated. By screening combinations of surfactants and flocculants, tea saponin and chitosan were
identified as the optimal pair, achieving a flocculation rate of 85.3% and a dihydroquercetin purity
of 27.8% after flocculation. Using recrystallization purity and yield as response values, single-factor
experiments combined with response surface methodology were employed to optimize key param-
eters. The optimal conditions were determined as an ethanol-to-water volume ratio of 1:10, a crys-
tallization temperature of 16°C, and a crystallization time of 48 hours. Under these conditions, the
purity of dihydroquercetin after a single recrystallization reached 94.88%, with a yield of 38.92%.
The synergistic mechanism of charge neutralization and hydrophobic encapsulation in micellar
flocculation was verified through Zeta potential and fluorescence probe techniques, providing the-
oretical support for the industrial application of this process. This method simplifies the separation
steps, reduces the use of harmful organic solvents, and is both environmentally friendly and eco-
nomically viable. It offers a feasible solution for the large-scale purification of dihydroquercetin and
provides new insights into green purification technologies for natural products.
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1. 3]

T 2 (dihydroquercetin, DHQ, SUFRAEMIFAZ , Taxifolin), T2 ZEARYE T HARHEY) 1940 FE 7% -
(Larix sibirica)~ Y423 ¥A(Larix gmelinii (Rupr.) Kuzen)FAEJEFA (Pseudotsuga menziesii (Mirb.) Franco)
E[1]. ZEME R[22 —MEAPUEA3] LR LPUMIRE S TR RRE B R E[4], £S5 2540
WAAEZENHNES] [6]. IR, DHQ (R H % H24) ok BR B AE o 8 & dh sy, DHQ A RE
AYE B SR, WAEAEIMAER, JFEMNR T I E R, e 2 N TH 2. DiRett g
mn A, T RE SRANWIE A7), T W AR AE P DHQ B O EE N TE R IR 50 R, A=
FEOT RO AL B, B O B IR GE . AL @B In RIS, A A& A ST
BOHATA 7 (8]-[10].  H HIH A 0 5 A AL BOR AT A2 i 2 UL L F SR [ 1], A& Geh 2 ik e sl
A, HAAERAE BB, FEIN A B, OB HLARDN L) 22t S 908 Rk m BB
GER BT 12], LA 2 Tl Ak A= /5K

WTAER, RMVEVERI[ 131 BIIR IS REHR 456 N i 2B RAR TR AL 107 LR, AR Bt AR
BAGEEESE. BAERMERRS, BOVRAR VA R B, SRR 2 RRR
R ZWERT T DHQ $HUNE, Il RENEVID BRI 14], B T EBURZHT 70 B5[15]. S,
235 B FH 50 JRME R BEBOR LA S Ak B, SRR 15%, H L ZRRE t REF[16]. IXLEHT 50

Tk

22,
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T IR R BBEEORAE B AR i £ 1 B AR P B0 0o RO R E A5 e U LA FRIE AR . SRR = 1 RR
R FERBFIRS IR R Z N HIAH R ZRET R — L2025k, WERR R &S RS
HEmIRE TEMAA L, HBZXHEE T2 S8 RGN S LR EAAAZ LI B A S6E .
Sun FEEE AL ZBE - KR RBIRIEFILS],  BSIpR L R s Al FE SR T 2 90% LA b, BB EHT
171

R, AR ZRETR—TESHMN, X2 HARBH KO FEHLH] RS E 75 AL
fian, IR RES G EL SIS T 2AE DHQ Atk IR MARIRANIRZR, HICE SR S
PEF) - SEGAAE G 453 1) KRB FRE— W . LTk, AT DR B i Ak A I
Bl MR AR - RIGFIELS A T2, Mz T2 ESH, $27 DHQ R4 b e R= 4
En 2B, RIS R 2B A L, s B ENT IR S DHQ WSk (AR 7 Dbk L ai Al f it iR
TSR

2. MR ERE*E
2.1. PS5

SRS R R BVE A AR (R PHT R R 2D A PR /1) 2B Fhn i i (98%, g o
AR AT AR AR FE(AIGA). K OEGOTE). OIE(EISA) . LR OBR(rHrak) Gt
TSR E R A ) R ERE0%) T R IRIN(95%) T Zhi ISR ERN(99%)  H HERERE T
FREN(70%) REWIIE S48 IR IRIER N (98%) (LRI Hr T ARG A G IR A A TR Afbis. Bl
riat, mE).

X% : Waters-2487 B = 80BMH G A (G EIRFF I A H]); 98-1-B B INFAECREE T B U A IR A
F]); RE-201D Y Jie % 78 K 45 (T SR IR & A IR A F]); FTT-2500T UM BENLCRZE T b5 K A A IR A
Al): R B A B s TR (3 E R B W R BHE A D WOBKLEEA(S /RSCMAE: R
M (3E E BD A#]).

2.2. SEHFFX

22.1. TEHE
AT TERE O AR BB Al - BT RS BRI S T2, T2RAERD T E 1),

o B[ e ERm | agmEe [
sk o sy | EE NPT NS
R T A perrr R
TLIEI
T
A RAEL .
AL (e AW ES [ BARR |

Figure 1. Process flow chart

B 1. TERIEAE

BARE R BRI AR R U R, 1 80 Hif/atRF# M. LR RRLEL 1:8, K—E
B RAARHR S, B BRI =1 3 RIEGE A IE, & IFICERIRBOR, i 2i g HLRE
SEHUBIR A BRUE AR, IG5 VT H o
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IR IR TG P77 238850, $34F 30 min J57E 4000 r/min #3# F, 250 10 min, 247 B2,
EIERAE TR il DHQ &8, tHE 2R . WERUTIEY), TN T0CHATAMT, B4R e
BNV FE TR, IO —E B LR CEEAETH), 4000 r/min F 38N B OISR FIUR, AEHORE A
AR, WE AR AR S e 2R AP e T35, 15 DHQ Mk, [ LR Ll T B AL -
¥ DHQ Ml S, IMA—E LLBIBAiK, HiHE 30 min, MEATEVRITE, RBRZAP, WOE LISH, LIS
I DHQ 28Ry g A, sErbdt, 195 DHQ 26, 25 FH O t ik JIAS 20 2

2.2.2. HPLC EMNE—SWE R&H

i 4y Diamonsil C18 JAHAE(250 mm x 4.6 mm); isHA N 2B K BERR =30:70:0.1%; FiE N 1.0
mL/min; A 298 nm; RN 28°Cs HEFEEY 10 puL [18].

HPLC trdf t 2 37 ASFAPREL 50 mg DHQ AxifEdh, A HEEE 2 4 50.00 mL, 753 1000 pg/mL (]
DHQ #r#fE i BER . SR EFREE, B3 DHQ ArdE, %88 ik HPLC Al ik ATl E . o
BEAR R, RIS [F) R P o) FE R AT W T AR B ksr ), DAUETTAR Y AN ALHR, DL DHQ ¥R X (mg/mL)itiAk
b, 2zl DHQ ArdfEIIZE, THE 2.

223, MEEMMAF _SEMEREE

& B AVE AR T AP BNV BE, IRl 120 B RS 3mHAAR), Ko 7 e ARy 2t AT 4t
TAEEE . B 100 g AR EALEM, AN 1L L8, #4711 h InIAEISR . D9E)E, REEEXMA 1L
CFE, BN EIRAR IO R B RGRBURPEC 1 mL 24T HPLC Al #5f5 vF 55 DY B EUK) DHQ

BE[19].

224. ZSHEREIEXITERZE

_cIxDxV

W% x100%

A W RRIBIE, %; ol R g mAE o5 H R s DHQ WAL, mg/mL; D RIRIFHMRERE
B VERBETAERAR, mL; M ER DAY RS E, mg.
N = M2=clxDXV o000,
M2
K : NRRLER, %; ol RonRAEGEmAVE T H IR &+ DHQ WKE, mg/mL; D RIRIERMBEE
BV RRPEHSSIERAAR, mL; M2 FRoR A MR R IRIE, mg.
c2xDxV

7% = x100%

K Z BTRARE, %; o2 FoRMRAR I IABUE T I (A HURE it DHQ WK, mg/mL; D Fomis i
BB V RR AL A RAR, mL; M3 R “AM R BB E, mg.

_c3xDxV

X% x100%

A XFRRAL, %; o3 FonMRRIE IARE TH 5 R h DHQ WKL, mg/mL; D Fomi iR (%
e VERRHEASIERAF, mL; M4 FoRFEC DHQ MY &, mg.

cdxDxV
M

Y%= x100%

A Y FOREERALE, %; c4 FoR R mAUE THE I A5 8 DHQ IKJE, mg/mL; D &R
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WA RV R AR VE AR, mL: MS FRRFREL DHQ H 45 & )i &, mg.

2.2.5. BIBEFREFMTINFESRETINFE

TR TRSEES, JEE T RN R TV M R BE S SRR R AR BT [20] [21], ANSREGIEE T+ o r B R
By, T AR A RERERERR RN . R IMRMEEEN[22]-[24], ke T RENE. A, B
NEEE[25]-[27], FREL 10 g V& RHAAAKD, DAURETHERHNE LA 1:10, $2HUNTRIDY Th, $2HUKECH 3 Ik
AT N IEAT IR, RS A DN VS P AN 2L, 2 T 1R R B NS B RR I 2%, R EBETIHL
RIMEEFIE R 1/10 B4 NEi, e A [F 23867 T~ DHQ FI 2R Bt 54l
2.2.6. BEESIH

ZLTSLY, KIS DHQ B4 i R R F EARE: RIGFIKEINE. 4. &5 . IR
BRI ZFIEN X = AR AT AL, BARIAE GG KoK RE iR 1 Fs .

Table 1. Experimental parameters of single factor optimization

1. BRRMUENIRSHIE

N 2K EA) S S A /h SRR/ C
1:2 12 1
1:5 24 2
1:10 36 3
1:15 48 4
1:20 60 5

1) REBFKBINEXN —EMEREL BBRRIE N

FREX 10 g DHQ &, F 10 ml ZEEM#AFE ¥ %, A 20ml, 50mL, 100ml, 150 ml, 200 ml /K,
(LEE: KB 1:2; 1:5; 1:10:5 1:15; 1:20)4%FF 30 min BO0-EBRH 295, B EERE T 4°C FHT
HYh W, 48 h JEWSEE S FUTIE, BTG TR E L WA DL YR

2) &R X ZEM R RE S RA RN

FREX 10 g DHQ #5h, H 10 ml SEE0 HBHATIEM, 085, A 100 ml K, B0 %R H 2%
Ji, PPt 30 min U BIERE T 4°C P TESS W, SRR 58 12h, 24h, 36h, 48h, 60h, HZ
Tt J I B 4 Al DA R

3) SREREX SR RESRBRENENE

FREL 10 g DHQ #H 4h, F 10 ml ZEEN HHAT M, RS, A 100 ml K, B0 5B H 2%
i, B4 30 min BU ISR E T 4°C, 8C, 12°C, 16°C, 20CHTESL , HEATIRG T ELL 54
JEE RA B

2.2.7. MR EA L SE

s AR IR S5 R, K Design Expert 13 A7 = P8 2 =K~ (8 Wi B4 A4 132 T X 56 28],
PACEE i T2 A Bt % Ske Lh DHQ B 45 Al B ACR O NAEL, X 487 KRR, 4500iR
JEE 4 b 1] = A PR R AT M L TR BE T [29] o M THT S 562 PR 3R K- Lk 2.

DOI: 10.12677/hjmce.2026.142019 192 251k


https://doi.org/10.12677/hjmce.2026.142019

Xt 55

Table 2. Experimental factors and levels of response surface

= 2. Wi R SRR E R Kk

7K A LFE:IK(v:v) B 45 miIE(C) 2 fmiN ] (h)
-1 1:5 12 36
0 1:10 16 48
1 1:15 20 60

2.2.8. ZEHREU LN

BRI 6%A45 BRI AT SRR HE, SRR 2% 76 R A PR 250 b 21 5 1
$E LIS SR FH OGRSk TR S 1Y) Zeta FEAY . RACFIIZEURRI . RACFEZF R RFRR . &
BEEHRIUH LI RBE R R R LIS AT R, MRS PATINE =R ESEME . RO
BB, TORACH] 0.1 mg/mL WRE M e P 4 5% T RK-6 LREERAENFOEIRE . /3 BIEL 1 mL F3RHFh
FLBHIIA 40 mL 6% BRI 7R /IR S, Bl 5 AT 52 SR b R B R IR i o i A {5k 2 4
WHENR: AR R LI ZE LE, 2007E 480 nm BRI K TN 575 nm @B RS, 1F 468
nm BRI TR 517 nm BB AR 0 GURR IR R L FLZUEE IS, XS 575 nm (JEF 40K R)
A 517 nm (F E5-6 7K R) B9 EEI[15].

2.3. HiiEabE

FEHSEUGTAT 3 U0, 45 RECPFYIME, {6 SPSS 27. Origin 2022 Ab# k. K H Design Expert 13
HEAT e 92 TR B T 2 U T

3. ZRS5
3.1. S RIREHZEY

R4 HPLC 7505 DHQ fI4c4t, DUETHAR Y N ALAR, DL DHQ iRIE X AR, 4] DHQ FruE
M2k, Wil 2 Fros, bRrELRPERIA TR AR RECN: Y = 1514.87725 + 1.90649, R?=0.99999, 4554i%
i, DHQ 7E 0.015625~1 mg/mL i [l N £ H R IFIZM R R, WTH T RSB 01T,

1600 H

Y =1514.87725X + 1.90649
R?=10.99999

1400:
1200:
1000-.
800-.

1T A (mAu)

600
400
200

0-

0.0 02 0.4 0.6 0.8 1.0
M F M (mg/mL)

Figure 2. Standard curve for dihydroquercetin

2. ZSM R RIT RS
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LABETJa (% - Fa T JEURE 20 PR B2 DHQ B 04 3 B

CEERIIEEZ IR, 100 g Rk

PEELF] 2.623 ¢gDHQ, 11543 DHQ & &8N 2.623%, JasEsit & mt#a DHQ & & PL ABE Rk

51 2.623% NH TR .

Table 3. Total dihydroquercetin
#3. _EMEEDE

KE R (g) i (%)
Fk 1.858 70.6
HIK 0.477 18.1
BE=I 0.155 5.9
SR 0.133 5.4
3.2. REFEMFIATHIE SRR B 5%
Table 4. Screening of surfactants and flocculants
4. REEMEFSRETRTHLE
RIS P 5 2R 2B (%) 4% (%)
T R AR B e B 13.8 6.5
i i T 5 A L AR R R B 5 58 SR M 64.2 10.5
JREREIETR BN 55 7 SR 19.4 5.7
BB R 5 T R 18.3 5.4
R R G FRAE 85.3 27.8
T R R B 5 A 235 7.6
i i e 2R SR LR BRI B 5 SR AL 22.8 9.8
JRRER A TN g L R R A 33.6 12.9
T R R AR B S A AT - -
FERGRGEME - -
T TR SRR N S B 23.9 6.7
Ji T 2R AR AR TRR 4 5 WL 33.8 10.5
JEERE BRI -5 B 18.6 8.6
AR R A 5 IR
KRS YIM 235 8.26
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HI3% 4 T, o EEAS R 2 s V77 55 2R B0t DHQ 22 kE S5 20 LRI FEI , S [R) 2 s 7 5 2R
MHERIDEZFNZER, KERTTRBNASRIGE R THAMA S, RERNRMTEERME
PEAE DR DHQ BEAE, 5B IR 2 SR R s &, MISAEREN) T DHQ ST,
XFT DHQ e B ai i BARIFHIIL S NENIE S A LIRTRIR I S e S AL & SRR R, H2 LR L
PG AL 2 T A7) HEL T AR A B AC T ok, AEHUS ) DHQ ZUFEHR. Ja SRalifl DAk 2 3R 7 S0l 20t
DHQ i ihatifE .

3.2.1. RBFIZKRMEN S E R4E N

H 1 3 A K EE B IN(Z BE LU BIREAR), P4t B s 3 . 2 O KR & L iy
1:2 BF, B T/RIIEE AN, Toiok DHQ W4 i 7870 RIS FIBR 25, M LB /K A 1:10 B, 4RIk 21 (E
(93.8%); HSLLBIY KE 1:20 B, 408552 FIEE 86.5%. 4K ELBIBG NG, A5 I MREE FEAK, S5
2 AT, AR . OU DHQ M4l s SRR —8, U OB oK R, Toiki
RS2 1) DHQ, # 4aR 22bk, KBt mit, A 7 E 2 DHQ, SEUKIEIK. L&A i
R AR R, LRE K LGB 1:10 B R I S P A, R 20 93.8%, UCHRN 40.2%. %2k A+
HE BB CRUE S R K =Pl R, AT SR Al fE /K, @ T Tk fb A=,

100 50
20 - 45
80
1 - 40
70
~ 60_ -35 ~
50 - - 30
g ; =
40- 55
30
1 =20
20 4
10 - 15
0 T v T T T Y T T T 10
1:2 1:5 1:10 1:15 1:20
LIFIK(viv)

Figure 3. Effect of ethanol: water (v:v) on the purity and yield of dihydroquercetin
3. ZEEK(vv)M ZE MR REAE RIERAF I

3.2.2. Z@RBEXN SR E R

m 4 mT5, B SSIEE N OCTHE A 20°C, P4l RO T & fa RIS . 78 16°CIalifE
IS BN (93.7%), (H 24T ST =i 28 20°C Y, AT R A 85.1%. X—HLR IR IHH T 16°C F i
JRIE AN R s, AR T IR RS, D> TR I 20°C R T RSN, T Re R EUR R
TR IR AR SR, AT PFRARSEE . OWBCR ) 2P0, MERERE N, WRREaTri. &
Al FE AR AR AR, 45 &R IR 16°C I e B tH B AT 47 5, RIF A RE R 93.7%, LR 39.2%.
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100 60
- R - 55
95 L
L 50
90 - 45
L 40
85 L
2 80 - - 30 57
g =
L 25
75 4 L
L 20
70 - 15
- 10
65 I
L5
60 I ) I I I I M 1 M I v 1 v I 0

0 2 4 6 8 10 12 14 16 18 20 22
ZEgbIRIZ(C)

Figure 4. Effect of crystallization temperature (°C) on the purity and yield of dihydroquercetin

4. LEERIRE(C)XF S F R4 KRR

3.2.3. GREHEX = Sf R BRI B

50
—-— 2l
——
90 +
- 45
80 -
- 40
S S
3./ 70 - g_/
i - 35 M-
5 =
60 - L 30
50 4 - 25
40 —— 20

10 20 30 40 50 60
g Rl (h)

Figure 5. Effect of crystallization time (h) on the purity and yield of dihydroquercetin
& 5. SEamBiE)(h)xd = SUM B 24k R RS2
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FH P S A, PRt A R ] R B S R, AAIERTET 82.3% (10 h)FF B IE(E 95.2% (50 h). ZRTT,
Lgk I AL 50 h 5, ZEREEIZHN R %, 60 h IFBEE 93.2%. X —ILRATAEVARN T JEi a4 dbid, %
RO TR TFHES, B4R G RN 38 E K (S0 h) {2 ik P45 &, $RTHElRE; (Hid B aE
K (>50 h)nJ RE-FEOHE 3 e A BRI MR ER A I AT, TR AERE . SO R 55— BELE B & I ]
ETE, WAL SRR SR R R E L, HIA B e WS, R RS ST, I TR R Ak B
1 o 5 2l P RN AR AL R, 45 B ) TR) E 50 h A B HE A P4l e, s 4 R 95.2%, IR 39.2%

3.3. NoRZHESELE
Box-Behnken #1757 & M 56 45 S [ € WORHEE A 10:1 (m/g), LA DHQ EE 45 {40 5 FUSCR Ay N AE
X CEEARF B0, pH FILS ST IR] 3 AR R AT ST v, IR R R 5.

Table 5. Response surface experimental design and results

=5 WNERTRER

55 Serial number A ZEEK(viv) B &EEIRE(C)  C &I TE(h) 4L (%) W3 (%)
1 0 0 0 94.9 40.6
2 -1 0 -1 78.6 26.9
3 -1 0 1 76.4 38.8
4 1 1 0 84.7 30.7
5 0 0 0 94.5 38.8
6 1 -1 0 84.2 38.3
7 0 0 0 96.3 37.7
8 1 0 1 85.4 38.7
9 0 1 1 92.1 312
10 0 0 0 94.6 25.5
11 -1 -1 0 78.8 32.9
12 0 -1 -1 92.8 36.5
13 -1 1 0 75.3 27.4
14 0 -1 1 91.3 28.2
15 0 0 0 93.8 272
16 0 1 -1 91.7 39.2
17 1 0 -1 83.6 29.9

Bt 7 58 B 5 DL DHQ 45 S 20 SRR M SIqE, X 5. KRR B, S5 IR EE . 45 dhin A] =
AR AT RN T S ABEK(1:5 1:10 1 1:15viy), S5RIRE(12°C. 16°CH120°C), &5 EiF AN
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(36 48 160 h), Wil [ 17 A5, G465 XKEL, L DHQ 46 KW A NAR &, e et &
T A HIAIE
FIH DesignExpert]3 FAFRARIEHAHE AT HA 047, 45 R IE 4. & 5. BIAR) DHQ 4 (Y1) &L
F(Y2) IR Z I H T2
Y1=94.82+3.6A—-0.4125B—0.1875—1AB—1AC +0.475BC —12.52250A2
—1.54750B2 —12.52250C2.

Y2=38.92-1.625A—-1.0125B+3.3125C-0.6AB+1.2AC+0.775BC—-7.797A2
—3.37250B2 -0.4725C2.

H# 6 55 7 1A, UL DHQ 2 Jyma MAE AL, I P EH/NT 0.0001, FEIBERL &R R E; KA
P H°4 0.4142 (>0.05), & B RAUTIA 2.3, BRI A R o — IR T, A X4l 2 (1) 20 5 2 42 2 (P < 0.0001),
M B. C KA RE. AB 5 AC X4 fERm R EP <0.05), —IXKIIF, A2XT4iRE 1M EERE®P <
0.0001), B2 FIZMIRRE#E (P < 0.01), C? MR E(P <0.05). ZEA R?=0.9946, % R?=0.9876,
F B A ARG 99.46%fie FH ML A ke, BEBULA FEM s B R RECH 1.35%, BIEEE S . 47 EATA,
RTINS 7S TINS5 T2 S 54l 2 B NAER R

Table 6. Analysis of variance for dihydroquercetin purity regression model

6. —EMKRRAEEEIAREFEST

KA AR 7275 F H H RR2VIES F Pr>F BENEZE R
Model 813.36 9 90.37 142.46 <0.0001 -
A 103.68 1 103.68 163.44 <0.0001 -
B 1.36 1 1.36 2.15 0.1864 -
C 0.2813 1 0.2813 0.4434 0.5268 -
AB 4.00 1 4.00 6.31 0.0403 *
AC 4.00 1 4.00 6.31 0.0403 *
BC 0.9025 1 0.9025 1.42 0.2718 -
A? 660.27 1 660.27 1040.84 <0.0001 -
B? 10.08 1 10.08 15.90 0.0053 .
C? 7.09 1 7.09 11.17 0.0124 *
Residual 4.44 7 0.6344 -
Lack of fit 1.05 3 0.3508 0.4142 0.7525 -
Pure error 3.39 4 0.8470
Cor total 817.80 16
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Table 7. Reliability analysis of response surface fitting regression equation fit statistics

F 7. MEEMEEAGRETEES R

i H =1
Std.Dev 1.18
Mean 86.94
CV.% 1.35
R? 0.9946
Adj R? 0.9876
Pred R? 0.9729
Adeq Precision 31.2387

H# 8 53 9 %N, LL DHQ YR g BiE AL, 3
P {7 0.5858 (>0.05), FHIRMIARZE, BAME RIF. —kWit, A CXTUER

0.0001), B MMt w2 P < 0.01). =ANFIFE XU B2 HORE)/NFIIT 8 C. Ay Bo AC 28 H 50

P i/ F 0.0001, FWIHII SRS, K
5 5 25 (P <

BEP < 0.05) IKIF, A2 B2 XFUCR IR & R 25 (P < 0.0001), C2 FUSZmAN R, ZAA R? =
0.9856, 1% R2=0.9671, 2= B I NAH AZAK. 1) 98.56% fe FH AR L fff , SRR A P 45 15 s A8 5% R BN 2.89%,
BEERE. LAk, ZER a0 A A28 DHQ IiE.

Table 8. Analysis of variance for dihydroquercetin yield models

8. SRR RBR G EST

it AR 2S5 AN H SPYITE F Pr>F EENER
Model 448.20 9 49.80 53.26 <0.0001
A 21.13 1 21.13 22.59 0.0021
B 8.20 1 8.20 8.77 0.0211 :
C 87.78 1 87.78 93.88 <0.0001
AB 1.44 1 1.44 1.54 0.2546 -
AC 5.76 1 5.76 6.16 0.0421 :
BC 2.40 1 2.40 2.57 0.1530 -
X 256.00 1 256.00 273.78 <0.0001
B2 47.89 1 47.89 51.21 0.0002
(o 0.9400 1 0.9400 1.01 0.3494 -
Residual 6.55 7 0.9351
Lack of fit 1.76 3 0.5858 0.4894 0.7082 -
Pure error 4.79 4 1.20
Cor total 454.74 16
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Table 9. Reliability analysis of response surface fitting regression equation Fit Statistics

FO. MEEMEEASGRETEES

| IEA
Std.Dev 0.9670
Mean 33.44
CV.% 2.89
R? 0.9856
Adj R? 0.9671
Pred R? 0.9217
Adeq precision 17.8083

Bzs
S, -0.5
5&@/;5%(00)

(b) /K5 45 b il RS LA R

o 0 V)
g . Pj)@.ﬂ\%f.

6}) -1-1 B/gaa‘
(c) &5 fhIS T 55 45 B UL P2 AR 52 EL R )

Figure 6. Response surface diagram of three factors interacting with dihydroquercetin purity
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SR T AAH s B [ AR ) P A ELAE R o S AR 2, 6 3D o B T ELEEAT AT . RIS 6 S 7 AT
AC 5 AB X HAFF MRS, HRAEZEHRE o) s, CFE: KRR T4 SIS 5m, pE LR
IKETBEAWTR N, RIS T S PR, 24y 1:10 I DHQ 4% s, BEFE KR n vl fg 2
KGR, et iRENT . 7 485 DHQ MIZifE . 45 it 2840 FIHE PR, 2R
JEE2h 16°C I 45 & ORAH N FAML I B 8L, H 5] 6(b) W] 14 &4 i ()0 2052 (s e 2218 T R8T B,
ARG T 45 A TR K, 24 BRIR N SR . FR P 6(c) TNt iR B 15 435 it e 1) F 58 B B i 20 SRR 1 4 o

M 6 5K 70150 AC ZZHAEHR R, HARARERE 70T, L8 KIS 45 &
WO, 2RI Tt GBI A&, oKl b e, TaiEk DHQ 44 IS FIBR 2%, 7KH)
Ee Bl Ry, DHQ g 2 (i fRAE 1K Joiksr i, 4 E 0y 1:10 B DHQ W& Sy . 45 dhib (A% DHQ
PRI AR K, &h di iy TGS, DHQ A H Bt /b, 4 iy IR KR, #2445 % 7 3 DHQ dhik

Figure 7. Response surface diagram of the interaction of two
factors on dihydroquercetin yield

E 7. mEAEZE N SR =W R R E E

B0 E BRI 45 Fd i [ 5 7 R A T, TRINAR B S T 22808 SR K ELEA 1:10. 45 dhii
FEN 16°C. 45N 48 h, TS BIFILEE A 94.5% 00K N 38.8%, TR LE N T 44 FE3]
[ szhr DHQ 2 A 94.88 + 0.3% N 38.92 + 0.3%, X GFHIGTRMIFEA —F, 1560120 5 T B L&
() L2 A T 5E

3.4. REREBLGR

HLAZARRIE AT A 10 B vl 1, JRAGHREGR 5 25 2 R 2GR E, M0 52 RBEA TN 1 F R
i, 23 BFBERELETLS, Wik R BB N IEAE, IESE 70 R I s o RS 5 4 47
HL R PR ORE = A B, SR TR R IR IR AR D%, I A F R R B B L 8.

PICTREERAR AT HIE 8 5 11 HETIA, BT AbRCERE REG RE T HEIREIE 93.6%
(32,988—2120), 75 EK-6 bRic /R RIREFEMK 90.9% (231,811—>21,207). HIT- 752 R M Bk HFE
R HRAEETAE5ETR-6, M RIER B EH 51 KR A LB, 28R4 B i o 45 # 3L [F T
B, SERANTCIRE B N M. iZAEANLEI A5 2 DHQ AL FE: E5e RN S ZEHA R+,
FR R BAUE S B KA 5 H AR R, 45 B0 4 B SR AR B
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Table 10. Zeta potential test results
= 10. Zeta BEAIIGMETR

P & Zeta FEAL/mV

FREUH —-2.06
8% A BRI -1.40
2% BB 2.31
BB PRI EE 0.36
LREREER B 0.57

Table 11. Fluorescence intensity of different samples

= 11. RERIEANFER@ROTOCEE

FE 575 nm %50 E 515 nm 7GR
RABAR PO BRIBH 65 1320
LR RE R EG 63 1115
REEE DL - BRI 32,988 3990
KRBT R BRIBW 123 231,811
B EH T R-6- 2R LG 26 21,207

EX A

Figure 8. Fluorescence staining diagram of tea sap-
onin. (a) Unstained; (b) Coumarin-6; (c) Nile red

El 8. RERKAREE. () REE; (b) BEE
R-oRE; (o) RFURE
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4. &

AW FCRINACA T Jie o208 S 5 77 B 4 A A VR AR DHQ M T 2. ik AA 2R 57 RhE
(R 2H G AT 2R H bR =4, Gl RS B IR M 45 & OB L 45 SRR, A R B R ST ER T4
RAE T ZSHON O 5K 1:10. 45 IR 16°C . 45 5L 17] 48 h, fEIL 41§ DHQ 411k 94.88%,
RN 38.92%, HE—BIAE T IEf AT SURHLIE . SCOb L BN, % AR e e, AT, Hil
T HRE T2 PAEFEERMGER, AR RESEEE, RkrT#— PR X T ZEMBAAE =P i
S8 ME RO AR IR AR =G P, DB it 5 1 24 T i PR R o S B Al A SR i %
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