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Abstract: Objective To optimize prescription process of curcumin lactoferrin nanoparticles (Cur-LF-NPs) by Box-Behnken design-
response surface method. Methods Cur-LF-NPs were prepared by the desolvation method. Based on the results of single factor
experiment, the anti-solvent/solvent volume ratio, lactoferrin/curcumin weight ratio and pH value were selected as the investigational

factors for the subsequent Box-Behnken design optimization experiment. The comprehensive score of entrapment efficiency, particle
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size and polydispersity coefficient obtained by CRITIC weight analysis and calculation were chosen as the evaluation parameters, and
simulated and verified by Design Expert 10 software. Finally, the physical property of Cur-LF-NPs, including the morphology, particle
size, potential, drug loading capacity, stability and in vitro release behavior were characterized and evaluated. Results The optimized
prescription process were obtained as follows: the volume ratio of anti-solvent/ solvent was 16: 1, the weight ratio of lactoferrin /
curcumin was 8:1 and the pH value was 6. The particle size of Cur-LF NPs was (72.6 £+ 5.2) nm, the PDI was 0.084 £+ 0.015, and the {
potential was (24.5 + 3.7) mV; The entrapment efficiency was (94.8 + 1.6)%, and the drug loading was (10.2 + 0.5)%. Compared with
free curcumin, the in vitro release of Cur-LF-NPs has a certain sustained-release effect. Conclusion The process for the preparation
of Cur-LF-NPs was optimized by the Box-Behnken design-response surface screening method, the Cur-LF-NPs showed uniform
particle size, good drug loading capacity and acceptable stability. This study provided a solid preparation basis for future in vitro and
in vivo research of Cur-LF-NPs.
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235 ZMXRAFE K <2327 TURNEHIT 0.76.
3.78. 18.91. 47.28. 70.92. 94.56. 141.84 ug/mL —
ZHINTHE SRR L “2.3.17 BT i &R AT E
OB TR AR o LISK HE S VA S IR B R A R (O,
Xof S G AU A AR (YD, 1SR MERIATRE Y=
58893 X—20895, R*=0.9998, 4 BEKHIEMEL
0.76~141.84 ug/mL £8P 5¢ R R I

2.3.6 FEEEWRE BUE. . mAEIRE (0.764
4728 141.84 pg/mL) HIZE T RN BB IHWR, 1%



FEH 20226107 $53% B 198  Chinese Traditional and Herbal Drugs 2022 October Vol. 53 No. 19

» 5083 »

“2.3.17 WUR P EIE &, fER—K 9:00. 15:00.
21:00 B, KRR IR B B SRR 3 Ik, tHEAH
N (7] 5 (B T AR %) RSD B, 43 1A 0.72%- 0.12%-
0.18%, AW H WKEE R RIF. &S 3 d 1E 9:00 B}
B TURIREESSERE 3 K, 115 3 d RGN
() RSD 18, 2514 0.89%. 0.44%. 0.46%, ] JLH
[)A % P R U
237 EEMHRAE  BOPEEH] &1 Cur-LF-NPs %
W, & “2.3.37 TR 7 AT HIAS 6 4tk Sl Vi
A% “2.3.17 WU 3g 253t S5 R EoRZE
R TR EIRE N 298.6 ug/mL, RSD A 0.48%,
RWZIEEE M RAT.
2.3.8 FaEtEiREG  HU “2.3.47 TR AL E S 1)
BERSER, T 0. 64 120 24, 48h HERENE 2
RO E, THHIL RSD N 1.48%, 45 R Bk i
TRAE 48 h WAREME R I .
2.3.9  IFEESCRIREE 4% “2.17 TR AR —
SE U IR I Cur-LF-NPs R A7, RS 1
mL & 10 mL &, #EAEBIRGKR 5 FH H R
BEZIEL, 4% “2.3.17 TR il & sERe 2,
THREAERK SRR B9 4 1| mL RIS
WOy A ET 10mL &HEF, 253 H, &4 360
P AN 1 mL 70.92. 94.56. 141.84 pg/mL &
PO RN S T i I R R 87 N2 P/ A = i = | DR -
RPN AR . SR ER, SHEMPTY
[R5 A 96.3% 95.1%- 96.1%, RSD 7354
1.07%- 1.03%- 0.95%, A WASSZHFEINCR KITS
24 BEZIW

MRYERT AT S IR 25 3L, o IV A AE AR AR L
FUBRE A/ RIORIEL . pH (8. BEHCEGE . #E7H
N [ I 7 D 2R AT B DR SR B s, DA
PLAEE NV FEPR, NG %E Box-Behnken BTtk
SEERAIGEAT Cur-LF-NPs il 23 F P 52 45 K ) 5k
.
241 SIBEFIEFARE BEASEA/EHRR
BRI 10 0 1, pHE N 6. B HE 400 r/min.
R (45W. 2min). &8 RIEFEFAF LN
4:1.8:1.12:1.16: 1,20 : 1 %} Cur-LF-NPs
A RARAR R, SRR 1. SCIREREIR
B, FLEREE P HA KX MBI KX, ZHERTERK
SEEUKVER JIFESEIE 15 2 456 & d i,
AT RERANEREAS A TR, ik, A
T 1) S EER] VS AR T AR B 45 & B s K

®1 RBEFIBEFFREER (Xxs,n=3)
Table 1 Investigation of anti-solvent/solvent volume ratio
(X£s,n=3)

BB AR L /% Fifz/mm
4:1 48.2+3.6 168.2+£12.5
8:1 89.6%+1.5 1245+£58
12:1 95.840.6 119.3+3.4
16:1 92.6+1.8 114.5+5.6
201 87.14£23 131.6£8.2
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Table 2 Investigation of lactoferrin/curcumin weight ratio
(Xts,n=3)

FBREH/ZBRBRE A% Rift/mm
6:1 68.2%+3.2 184.6£8.3
8:1 87.2% 1.4 1355453
101 91.8%+1.2 116.8+9.2
12:1 95.1+0.3 102.3£28
14:1 96.410.2 96.2+1.2
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BLEHTE 87.2%~96.4%, Fife N 96.2~135.5 nm.
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#3 pHEEE (Xxs,n=3)
Table 3 Investigation of pH values ( X £ s, n=3)

pH 18 BE R/ % 4% /mm
4 684134 133.5+5.5
5 823%£23 162.4%6.2
6 91.8%1.2 123.3£3.8
7 86.1+2.6 149.5+4.2

2.4.4 TEBREE [ RIEFIAEFIRRR 12 11,
HBEA/ZEHERTORIEE 10 0 1. pHIE N 6. BREHE
i (45W. 2min). FEEMIFIE 200, 400. 600+
800 r/min X} Cur-LF-NPs G R AR 150, &5
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O S8 18 A TR P R AR TR B R . Ok PR RS
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Table 4 Investigation of magnetic stirring speed (X £ s,
n=3)

T8 % 39/ (r-miin ) (R RS Fife/mm
200 91.2+1.6 143.3£6.2
400 943+13 122.1£3.5
600 91.8+1.5 123.843.6
800 9224238 118.6+£2.3

*x5 WBEREZERE (X+s,n=3)

Table 5 Investigation of ultrasonic time (X £ s, n =3)

jE8 75 B[] /min (EESEH FifZ/mm
0 93.2+£0.6 116.8+4.6
2 92.7£1.5 101.2%2.9
5 85.1%£1.2 146.6+7.3

{HHEFS 5 min B, B MR I IR T 90Kk R
A 2 ittls, SEEERFERIK. Mg
EERK, WOk BEEE A I E A 2 min.

2.4.6 EBEDE [EERIEHETIERE 12 01,

FUBREE /25 KRIEL 10 ¢ 1. pHE A 6. WiTH
I# 400 r/min. FREFEE AR 2 min. 5% IR
45, 90. 180 W X} Cur-LF-NPs 3} 5 ARi42 ) 5
M, £5 IR 6. 8 ThE kR ARAR R,
IFi 8 75 I ] i 2 SRR, WO A TR N 90 W

F6 BEINEEH (X+s,n=3)

Table 6 Investigation of ultrasonic power (Xt s, n=3)

e T AW .3 5/% $if%/mm
45 925418 1128452
90 95.940.2 1043+3.5
180 872425 148.6+8.2

2.5 Box-Behnken i& i1t 256

2.5.1 Box-Behnken ¥ itSEInRZER T HLAFRSE
B4k L, PN Cur-LF-NPs fill & b F h 2 mi 52 K 1)
3ANRRIERNELEIE, 53 3R SRR EL
(XD ABRER/ZERERRE (X)) M pH E (X3,
R EE 3 K, DAEBERR: —1 (KD,
0 C(hKF). +1 GaKP): BLaEZE (Y. kit
(Y2) MZ A% (polydispersity index, PDI, Y3)
3 # 4 CRITIC BLE /T INEUSE 456185 (1) 1
NI FERR, {8 Design Expert 10 32FXT £k i3k
TWEHRIERMAEN T 2. RRSKFEILE T,
2.5.2 CRITIC FUE 53 #ri%:  CRITIC 72 LAR1EAT
P (B0 bl 5 P8 5 e S Sy 3 JE At 1) 7 R A T
%, Horboo Heom BE 2 48 [ — b AN R 77 S UE
ZERR RN, DIARHEE RN, PREZEEOR, AU
K PPFRAEFRAHIRNE, 2 ANFa b [A] A P i )
MRV, AEB/N . HEEE T 2R Pk
RO, BARPIAE TR, SRR SRS 2
& Tabr EE 3T 15— LA B, 4 0~1 HIbs
HEACEUE . X T Es ARG E Rk, LA
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S x5 = (Yi— Ymin)/(Ymax— Ymin)HEAT B0HE 5 48 Xk
1% PDI SR ULHUE Bk NERLF, LAT S pipor = (Ymax—
Yi)/(Ymax— Yomin) BEAT B4R 4 . SR I sk SPSS
AU HATAUE - HT, 25 R 8. A2 R4 Al PDI
RIALEE 25070 51N 30.82%-. 26.37%- 42.81%, HIAL
Ja LG N Y=(S x4 X0.31+S e X0.26+
SppiX 0.43), SLEGEER K 7.

%<7 Box-Behnken SZI&I% it A%
Table 7 Experiment and results of Box-Behnken design

F5 X Xz X3 YW/% Yonm Y3 Y
1 16(+1) 10(0) 7(+1) 88.0 72.6 0.078 82.5
2 8(-1) 10(0) 5(1) 73.5 1862 0.199 12.7
3 16(+1) 8(-1) 6(0) 953 794 0.067 93.6
4 12(0) 10(0) 6(0) 90.5 76.6 0.083 84.2
5 16(+1) 10000 5(-1) 933 77.6 0.118 80.9
6 12(0) 12(+1) 5(-1) 913 97.8 0.106 76.0
7 12(0) 10(00) 6(0) 92.7 804 0.087 85.7
8 12(0) 10(0) 6(0) 91.1 794 0.096 81.8
9 16(+1) 12(+1) 6(0) 943 67.6 0.048 98.6

10 12(0) 12(+1) 7(+1) 928 869 0.084 85.0
11 12(0) 10(0) 6(0) 922 825 0.092 83.5
12 8(-1) 8(-1) 6(0) 805 1458 0262 18.8

13 8§(-1) 12(+1) 6(0) 857 121.1 0.164 513

14 12(0) 10(0) 6(0) 915 773 0.820 856
15 12(0) 8(-1) 5(-1) 855 1034 0.160 55.7
16 12(0) 8(-1) 7(+1) 879 1084 0.142 61.6

17 8§(-1) 10(0) 7(+1) 822 1504 0.256 21.4

£ 8 CRITIC DR
Table 8 Results of CRITIC

izt Fabmtef Lh i TebrohsEt:  BE%
(RS 0.263 0.224 30.82
Kifg: 0.280 0.180 26.37
PDI 0.298 0.275 42.81

2.5.3 Box-Behnken W ilsLi&i R 508  Box-
Behnken ¥ 11 [l 2 [ 5256 45 R 4 Design Expert 10 41
HIERFE 2 IRETEABA: Y=84.18+31.43 X+
10.15 X2 +3.15 X3 — 6.88 X.Xo— 1.78 X.X3+ 0.77
XX3—19.40 X1+0.80 X22—15.40 X3?, H BE A
B4k B 9. ALK P<<0.0001 (B&E#), H
KPR P=0.2771>0.05 CREE), EW 2 k£
T[] = A AR B PR S B SR B P o (YD 5 R/
WARARRLL (XD, FUERE A/ZE R R ()

F=9 MNEREVIREWFEDT
Table 9 ANOVA for response surface quadratic model
wEE  CFHAM BHE Wy FH P1E
A 11 737.31 9 1304.15 381.68 <<0.000 1

Xi 7900.25 1 790025 2312.14 <0.000 1
X2 824.18 1 824.18 24121 <0.000 1
X 79.38 1 7938 2323 0.0019
XX 189.06 1 189.06 5533 0.000 1
XX 12.60 1 12.60 3.69  0.0963
Xo X3 2.40 1 2.40 0.70  0.4292
Xi? 1585.08 1 158508 463.90 <0.000 1
X2 2.68 1 2.68 0.78  0.405 4
X3? 998.89 1 998.89  292.34 <<0.000 1
W7 23.92 7 3.42

SRAUIN 13.93 3 4.64 186 02771
HHRZE 9.99 4 2.50

HMEZ 1176123 16

pHIE OXG) ZIEMIRAR. RAMA R RECN 271,
RUIBARE ;. RIE KRB IE YUE RE Hl N
0.998 0. 0.995 4, KB BA REFHILETEA,
FHREMRAT 99.54% M B THE AR A O s T bk e R4
N 0.979 7, R EAT BT R B .

B DR 338 A FH ) = 24 207 T P AN o e v 2

FaipE 2 fis, HAbRE e 1ARE, LflAEs2 4
PR 25 1A A A A PR sl Bl . R 11521
R, ARYER AT R % LA R
A FETI N 16 & 1. FUERE /25 SRRk
98 1. pHAEN 6, 1EMIEA T T LG VED 45
RR93.7, AEMN0971.
254 7 TZ2REUESRE e REdl % T2 4%
R 3 MR AE R K2R PDI, #% “2.5.27
RIFLEA VR I 5 B AR bL s, v 5 sE R 5
MEZ a2, 2R NAR 100 3 MEKRFFEIAHE
SR ZER 1.2%, AT F1SIE 5 TOME i 45 R AT B
I8 UF S0 A B R MR, IEPH T £ A Box-Behnken
Wt - B E AL Cur-LF-NPs #1] %% T2 45 3]
HE. EIEE.

i 2 = (S Bl — T L)/ T
2.6 ZRRIFSE

FH P 3-A AT, ARAK S G K il 751 AP 2
HEERMT A, LU MBI A, A
TEM M ELGKRL OIS, FH S LD & Cur-
LF-NPs 0T % FAAM E, {8 2.0%045 R
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Fig. 2 Effect surface chart and contour map of various factors on comprehensive score

R 10 WIFSRILER
Table 10 Results of confirmatory experiment
iz kiR LZavtay 2=/
% nm SSE BOE %
1 95.0 68.5 0.082 925 937 -1.2
2 95.3 739 0.070 942 0.5
3 96.4 674 0.096 92.0 -1.8

#x

E 3 Cur-LF-NPs (9501 (A) 1 TEM [E (B, X 50 000)
Fig. 3 Appearance (A) and TEM (B, x 50 000) of Cur-LF-
NPs
figett, HARETEWEE. TEM Bl 3-B BoRrgKki
SRR BROIR -

2.7 KR, (EBRAL. BHEMBAHSHNE

1% F§ NanoBrook 90 Plus PALS i EA AL 5
AR AT RAR A AL I e, S5 LK 4. 1
T2 MG Cur-LF-NPs [{FIRiE R (72.6+
5.2) nm; Z5rHFE%L (polydispersity index, PDI)

27 A
181 B
14 1
X 10
6.
2] sz
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FiE/mm
B
10 1
8_
<
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0 T T
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4  Cur-LF-NPs IRi{2 (A) #0 G EBAL (B)
Fig. 4 Particle size (A) and ¢ potential (B) of Cur-LF-NPs
790.084+0.015; ¢ HAMENY (245£3.7) mV. 1L
G YK RERLAZ/NF 100 nm B At —, AR
AT, 2R AR E .

F 8 “2.27 TR BTk 5 ik e ARAL JE B A KoRE
MEEESHAE, T2 LS H Cur-LF-NPs
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(L3 RN (94.84+1.6) % 325 E N (10.24+0.5)%,
RIFHEA RIFMIEZRED].

2.8 TREMIRAIE

2.8.1 pEfRENE AMENAWEIE RS, TREEL
Cur-LF-NPs 7£ &1 F 1 (P AR € 1 BUE & Cur-
LF-NPs, Zr A B2k, A EE/K. PBS SR
(pH 7.4 5.0) 1% 10% FBS ] DMEM £ 37 57 B¢
10 fi%. B2VERMINT 96 fLARH, TEfEiRIRG %+
PL37 “C. 100 t/min P25 FFREE 24 h, LUAHR )%
FWERBATEX ], FHEE 3 MEIL. 72T 0.

1. 2. 4. 8. 12, 24 h FEEARCIN 8 AR RAE 685
nm P FWRIEE (4) {8, S5RIE S, w524
h W& A& Z ) Cur-LE-NPs 7F 685 nm 3K 4L 1) 4
EABIEARE AR WAL A 5 B9 A ™= AR 250
(G EURBY, HI2BUEM Cur-LF-NPs KM B e 1

R
0.03 1 —e— 77 10% FBS [¥] DMEM #5323
—m— B4k
HEFEERK
| —a— PBS (pH 7.4) <
0021 _y— PBS (pH 5.0) * ¥
g F—
= 0.01
0 {* ‘/g&x / 5 3
p —
0 4 8 12 16 20 2

t/h

El5 Cur-LF-NPs £ & A ZPROMIEIREM (X+s,n=3)
Fig. 5 Physical stability of Cur-LF-NPs in various systems
(X£ts,n=3)

282 fEfFfaEYE K Cur-LE-NPs 435l E T =R
25 C (7d) FIvkFE 4 C (30d) &40 F, stk
F1 PDI {E i it A7) 18] AR A 0, 25 SR LR 11, AT
YK RIFE R 2 d AR, PDI P 1E, A
55 5 RIFUERIAZRA PDI F38 35 2 BE 5B e (H Y HR
RILGPURRLFIR LG, B0E8 7 RIFGA B IAS PR
Ko PUEKKITE 4 COKFEPRE 30 d WHIfZAT PDI
29 RETHBRIZER

P 0.5% 2% S%MTHEEERE . FLBEFMGEpE
YERGT R, LARTHTE RS PDI A ¢ HIAL
(B AL R B 3 638 BOVR TR F L 2, 45
WK 120 1EHE 2% EEREVE MR TR, HI45
(VR SV S KL . PDIL AT ¢ B SR TR
MSHFEAR S HTHIMREILE 6, A

& 11 Cur-LF-NPs =R 4 CEHTHMEREM
(X£ts,n=3)
Table 11

temperature and4 'C (X xs,n=23)

Storage stability of Cur-LF-NPs at room

EiR (25 C) 4 C
t/d t/d
15645 /mm PDI S5 4R mm PDI

0 73.6%x23 0.103%0.013 70.2%+1.5 0.093%0.007
1 822%55 0.076%0.025 70.5£2.8 0.102£0.015
74.4£42 0.088£0.023 76.4£52 0.094£0.019
98.8+8.7 0.104%0.015 84.6+8.1 0.094%0.005
107.4£10.6 0.108%£0.031{12 94.5+1.4 0.09940.010
136.8+5.9 0.134%£0.035(18 95.2%+3.9 0.121%£0.015
152.4410.5 0.164%£0.033(25 97.5£6.2 0.11620.018
189.5+22.7 0.236%£0.059(30 97.7+4.6 0.09310.024

0
2
4
7

~N N R W N

F12 FTFIZERE (X+xs,n=3)
Table 12 Study on freeze-drying process (X s, n=3)

VR ORY ) Fif2/mm PDI ¢ A /mV
T 76.5+42  0.078%£0.010 22.6%+1.1
THETHP ) 952410  0.090£0.021  92+1.5
0.5%FL4# 14894174 0267£0.020  8.1%£0.9
2% A 19144102 0.264£0.012 152+22
5%FLKE 29744643 0.369£0.026 10.9+1.9
0.5%H el 872408  0.096+0.028  7.3%0.7
2% H Bl 1153£85  0.151£0.022 158+1.4
S%H R 38621419 0.373+£0.086 12.1£0.6
0.5% 1t HEKE 723+2.6  0.183£0.016 9.9%1.6
2%t L 734419  0.097£0.015 21.3%+0.5
5% T HE 772438  0.165%£0.024  6.2%+0.4

\

6 FHTamiH
Fig. 6 Appearance of lyophilized product

AR IPERAE, FEl—, SRR .

2.10 {RIMFERSELE
KBTS L R RS Cur-LF-

NPs FIARIMEE U L . % B 1 mL 223 % 50% DMSO

WIS Cur-LF-NPs 73725 N 78 1B/K Bk e R AT
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b, BN 300 pg/mL. FHJERATIHRE
37 ‘CH 30 mL % 30%ZEEM PBS St (pH
7.4, 5.0). HEBRFAKBIEEN 3711 C, ¥
N 100 r/min, 4350F 0.5. 1. 24 4. 64 8. 12,
24 h A RSARFURE B T, AT 3 S,
F HPLC V&M BHT Il P 2 0 R MR iR, %A
KT EBBRBE (Q), ZRNE 7,

0=(VX Z C)/M
i=1

V ORI BARAR, G D%/ 18] i 0095 10 256 58 3R BRI
B, MORIIRENT RN A S &

80 1 _—t ¥ .
.
S
60 /F;ﬂ
=X
RiyZs
i 401 /§ i/
g A
= e EHEEMZ
20 —e— Cur-LF-NPs (pH 7.4)
—A— Cur-LF-NPs (pH 5.0)
0+ T T T T T T T T T T T 1
0 4 8 12 16 20 24

t/h
7 EZRZRBERAM Cur-LF-NPs Y1 5B 1 il 4%
(X£ts,n=3)
Fig. 7 In vitro release curves of curcumin solution and Cur-
LF-NPs (Xts,n=3)

f & 7 741, Cur-LF-NPs #1235 KRR 24
HA—E MR H Cur-LF-NPs 794114 PBS
2P (pH 7.4) FIlgtE: PBS 2 (pH 5.0)
(R TBAT AL . 383 Origin 2018 A, 435N FH
TR/ — TR Higuchi J5FEXS P9 (44 4h
BT RIATIOE, R IR 13. R IERZ5A
Cur-LF-NPs (RSN BT &— R 7 F8, WEBH T 2 %
I EEE HLE] S 220 R RT B,

3 g

L EWAMEIE T K, Sl gkl 515 Hpi e
RORAF R I B o35 03, S SIS HAE 25 C&HF
N F KA A R AN (11.3340.73) ng/mL,
AT bt P50 22 38 3R R 7K IR 20 ST R i LI PR e
MR HTIR . FLERE AME A Z DheeEE a0, BEAT
VERBCAAE T8k FARIERRM/ER ;s tmr 78 4%k
RIBIETE L) ARG WSS T HA e
Y. PURARH AR BRI . ARSI
fifii%k Cur-LF-NPs K% .20, LAASRIS 780 K AE AL

%= 13 EEZERZF Cur-LF-NPs {FIMNEAMBVII S 4R

Table 13 Fitting results of in vitro release of curcumin
solution and Cur-LF-NPs

B LAY WELR R?
MR TR TR 0=1.96 t+52.27 0.375 6
(pH7.4) —HIiFE 0=79.80(1—e 5% 0.979 0

Higuchi 712 0=12.831+36.76 0.6543
Cur-LF-NPs £ 712 0=2.58 t+20.05 0.6310

(pH7.4) —HHHE 0=6222(1—e3% 09749
Higuchi 5 0=14.8612+632 0.896 6
Cur-LF-NPs EZ 5 F2 0=2.59 t+23.57 0.5749

(pH5.00 —%HFE 0=063.70(1—e %4 09743

Higuchi 5F& 0=1525¢2+9.16 0.8607

BRER FURE ) B AT I E R AK
17, T G AR 22 3B AT PRSI TR T

ARSI R 2374k ) £ Cur-LF-NPs, @i
PR KBS Box-Behnken Wit -8 V% 77 1%
BRI AT T2 Rk RIS R, R
&Y 1) ORI R 2 R R A A T A8k
HEMBK X RIEFLERE A/ R Rk, D
A KR FE I R4 LR B 1 AR R FH 2 AN T 32 o5
geRRifEZiE; ik pH (H, NAKRL A BORT
o SRS B () 2644 - 4L 5 1) Cur-LF-NPs K2/
T 100 nm, A F] 28 ik B % (14 fivi 45 2] Bt 21k A
AL HAaZgKkr BAA BEAAMAE K (94.8+1.6) %
M ZE (10.240.5) %; HARINE 240 5 B
BEIEIL 60%LA b, MR T Z e & ik 2 e it —
E IR

TR 7L, TERTHATISEIR 1, R
AN [) s AT BB AN B 738, AEBE A5 9 KRR
JRE T RES, BT R NN S R R BIRE =
TR IS, IS ARIRE TSOAS REHS 2 f A IR A 2%
375 BT A8 PN R RORDRE T HH (13 29 22 3 2R e S I i it
FENTSMAEIL N T KEL o, HEBEN 72h 5
TR, BRI EICN (28.3£2.6) %. #IE
2SR I SR B AN I ] £ 58 4 BE R T8O ot (R 3l 4
BT ITEAT RN 7L, X SR N AW S
BB (PR PR AR AL o

iR EEE 52, K IL Cur-LF-NPs ¥ A
SEPESZI (] MR SR R ROk, HAE 4 C %A
THREERICN 1 MALEL, EARFHK I
1745 M. Rk, #UEE Cur-LF-NPs i 4 5% T8
PAREK AR TE I TA] o P VR TR BOR SR i A7 AN RS 2 A
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KRLHIH 75, (HEEFR KSR RES K
IS T RO IRV R AN TR SR K IR I 0 R 32 2URBIR . b
PN H WU T- R 77, TR ek B AR 510
KR SR ARS S, MR &R R
SAfH, ROy OREAUBR” BY. AR,
2% I EEREAE TR T IRAP I REBUF RS E Cur-LEF-
NPs FMJHAL AR, R T S R JE AR LB 2 Ak
&+ PDI A ¢ HALE HIAEAL .

25 b, ARsBisid Box-Behnken 5 TH-R0M %
R TR LR R, st 4 AR E 1Y)
Cur-LF-NPs, 4 J5 828K 1750 (14 44 P 1o #2 7 F 72
A SRA ZRIRAT PRI IR 25 RPN B4 1 e K ]
LT o
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