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Optimization of technology of freeze-dried powder of various fractions from
Pheretima by Box-Behnken design and response surface method
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Abstract: Objective To optimize the technology of freeze-dried powder of various fractions from lumbricus (Pheretima) by
Box-Behnken design and response surface method. Methods Using single factor experiment with Box-Behnken response surface
method, freeze-dried rate as the index, the effects of sublimation temperature, sublimation time, analytical drying temperature, and
drying time on the freeze-drying process were observed; The freeze-drying process of the active components in lumbricus was
optimized; Using HPLC method, the fingerprint of the sample by the optimized technology was investigated, and the similarity of
fingerprint was compared with the earthworm medicine, and the optimum freeze-drying process was obtained. Results The best
freeze-drying process conditions of active components in lumbricus were as follows: frozen temperature of —26.5 “C, precool for 4 h,
sublimation drying temperature of —20 ‘C, sublimation time of 7 h, analytical drying temperature of 30 “C, analytical drying time of
3.5 h, freeze-dried rate of 96.55%, and compared with medicinal materials of amino acid, the similarities of fingerprint were both
greater than 0.9. Conclusion Box-Behnken response surface method is used for the freeze-drying process conditions of active
components in the lumbricus, the optimization is feasible, the effect of model is good, and this optimization process has the feasibility.

Key words: lumbricus (Pheretima); active components; fingerprint; freeze-drying; Box-Behnken design and response surface method

Yeks HER: 2015-06-08

HEWB: HE “+ 17 ERHAHRHER LRI (20142X09201-022-03); AL = AFHLAIH LW B H (2013ACC005)
EZENY: MRz, TR, g2y LR YR HIFBIC. Tel: 18071097003  E-mail: 0207130031@163.com

«BEEE A0%, M, S% TR, Tel: (0711)3818216  E-mail: whimzy@163.com



23

Chinese Traditional and Herbal Drugs 25 46 % 2521 8] 20154 11 #

* 3167 *

M e A AR s R B W) S 3 B Wl Pheretima
aspergillum (E. Perrier), SIFR “J Huje” U, VEuk
JE, PUCZIERRTRIE, MO RA W, JUME.
B F7 . BRRAER . CSCENE PRRT O N I A 9
PR W ISR, B B0E PR o) & vl i
PR R0 AT R I AT AR R I I
By Pk B R

HHT, AT H R S HAS 21h Je 2 2 T 20
G2, (G ORI IS PR 1 R SR A B T 201
WD, AR SRS 5 7R Re g 5 KR FE R AR LTS
PEAL A 2k 3kt b, Gl T2 AN, AR
HORAF AR o ARSI R H RN Rl 45 S
Box-Behnken Wi ik, DLk T2 4T, itk
Wl iRPEAL S % T 18, R HPLC i, ek
)G T 2R e b, I L L5 H e 256 4
SURTEAMBURE , e S AR T 12, e A A
TR B2 it S50 A
1 XE5RF

UV-2600 BLEAM] WA e T, HAR R E#A
Al BT, HREE-ER 2 (R SR
AT LYO-0.5 (CIP) HAARETIERML, LR
B R A R A Tl s SPX-250BZ FU A4k 15 9%
i, BRI A R AR RS %) s TDSA-WS
G AR EOHL, KIPHE SOV R A s 224
18 1260 WAH T R GE, S R0 A W] AL
WAE R« 2y ik R SUEIE AL VPN RS,
LT B 2 17 MPEERTE A IS (TIA AR,
BRR. 271 R HER. HER. KER. B
M. WA, MER. MER. HdR. 520%.
TR IR BEEIR . RN IR
A A CRETEIRRARNE- S A A2l
B (M- IEHw) ok B HJEA F 2R R T
s JRUGEE. BEMEY (R0 R AE (AR
B0 A o 2 R e E S B, S A il ok
140604-201224. 140605-201125. 140607- 201338;
BERE, BR 2%, fit's 121129, bigtns vk
REAT LA W] s M e x BE2544, it 120987-201107,
T B 2 AR e A s S A R A G
afivgk; HARF b el . ok 2580 5 =Z M b
Mttty o) AR ML, S 20131106, &G
R A2 S8 o SRR 2 S e R R B))
Y2 IAFE | Pheretima aspergillum (E. Perrier) HJT
PRI

2 FHESER
2.1 HEAGMIREIREIE

FRECHERIR 100 g, B7K 500 mL, ¥R 60
min, R ALHE (250 W, 50 Hz) 60 min, 12 000 r/min
B0 10 min, 73 BiEWR. 200 AL B 2 FpfiTAEIR
T SRS 22 SR BE 1) 1/5, K52 s i 1
mL, B TET, ARG A ¥R 0.5 mL
Mok JE 1 B ¥ 0.5 mL, @RS 1 min, /£ 50 C
KB H I 45 min, U, DI IE CBERWE 1 mL,
P, WHERE 1 min, ##E 30 min, WREE
HWR, AL 045 pm AHLIERUE, RIFS 2
FTHEAL S (PR o
2.2 iFMIERR
220 GRS W RSN TG K R
dTYPRK A SR LA, ARSI SR 9 R G K 43
SE VI 5 R P S K R TR R T2

iTse=1—FfkE
222 FRGUEREARUE S B

(1) XS] £ B Welch A F] 17 Fi
G A S BRI /KR 2 sk
WREEIR) 1/10 A5 A0 B

(2) tEalsscty: kAN Ultimate Amino Acid
AAA EIER 7 HTAE (250 mmX 4.6 mm, 5 um, H
JEA BB BRA D AR 1.0 mL/min; A
40 C; HEFEE S puLs KPR K 254 nm. JishAH A
4 0.1 mol/L T FRENVA (pH 6.5) -ZIi (93 : 7);
AN B /K- (20 1 80), —IoEREEVEME, ¥k
FRFE: 0~11 min, 100%~93% A; 11~13.9 min,
93%~88% A; 13.9~14 min, 88%~85% A; 14~
29 min, 85%~66% A; 29~32min, 66%~30% A
32~35 min, 30%~0% A; 35~45 min, 0% A; 45~
60 min, 100% A.

(3) K REaG . B “2.17 I T4 R bR
A, R R IR AR SRR 6 IR, 6 X
W B A4 o ATA #6305 IR AARABLRE B A
Bt 17 A IAG I AR RSD 24 0.12%~3.43%,
R B IA] ) RSD 4 0.04%~0.31%, KWL ZEKG %
A=Y/

(4) FsEMhalst: B “2.17 T RHIE R 14y
Fr e E SR A, E PR (s 45 T 43 BIAE 0,
2. 4. 6. 8. 12. 24. 48. 72 h ¥EFE, HEHATIE,
W5 ERE A4 ATA A 35 A K NARABLEE #AF
s 17 A IAT AR T RSD 24 0.17%~2.81%,



* 3168 * ¢Ed

Chinese Traditional and Herbal Drugs

Fa6% F2H 2005F 11 B

R BA IR RSD 4 0.03%~0.13%, FHIFENZE 72
h WA .

(5) EEMRE: B “2.17 TR PATHIEM 6
DI RTAEAR S P S VA, IR AR i A A A T
5E o e EHEFA R ATA KSR AL K
1, it 17 MR RSD 4 0.41%~
3.58%, fRBETAIK RSD 4 0.03%~0.15%, &)y
I E S BT, UEWIAT AR T E R
PERIATSE

(6) JLA BT B “2.17 T R HIfT AL

10

Je RSV, R R A E S HERE 10 1K,
BN HESR R, 2 B 4RI 2 At BT I 5 A
T, WE LR, W 1~17 R RS R 4 4 R E
YIRS 1) 17 PSSRy 5T IR IR &
B, 2E M. HE. HEm%. BaEm. HER.
NER AR, R, R, REdR. Ft
HIR. ZHER. BBER. ANER. WER. L
I 10 (PR 7 HPLC i rh oy 3 R AF, Fik sy
o HAge, PrCUEHICh S g, iR T 17
AL,

3
8
17
15
12
4
5 ] 14
1 “ 16
1 ‘] ] ‘ 71 o 1 [
A UL e ol
* Y *
JL %‘J:L.,J 'U ‘A A _;xkj‘lu ﬁ J [J\. Jﬂ.w> ‘ﬂ'w‘ ' J L/ L! ,,_N\,,Jﬂ 'JLML‘;J Lﬁ\ﬂh LA ,,\AJ\ M\ﬁ‘_} Lﬂ\ JJ\J ) \_‘/’ﬂj&
0 5 10 15 20 25 30 35
t/min
1-M&E®R -804 3-24% 4-HER S5-H4R o-FEmR 7-5E% 8-WAR 9-WEmR 10-EmR 11-9E % 12-REAR

3-SR 1404 15-TRER  16-KNEAR 178 R

l-aspartic acid 2-glutamic acid 3-serine 4-glycine S-histidine 6-arginine 7-threonine 8-alanine 9-proline

10-cystine acid 11-valine

12-methionine 13-isoleucine 14-leucine 15-tyrosine 16-phenylalanine 17-lysine

E1 hSEERAS RIS REL

Fig.1 Reference fingerprint of extract components of amino acid in lumbricus
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Table 1 Effects of pre freezing time on product quality
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Table 3 Effects of sublimation time on product quality

iR It 17l /n PR HT2%
2 s, e 50.00
3 WA EIE, REEATURY, 93.46
JRHL BN
4 B OYORYY, B 94.31
5 BEOYORYY, UG 94.33

THETEARE 1 BT, JEAR R4S il h UK
ARPARCEID W S b RN TR Y. G S e o7/
AR LI, A BB RIS, BRI R L A K o)
(11 90% /iAo THHEIN B s vt AR At 4, 7 i AE
TR I SRR LA RS T HOC Rl AR, [R5 18
2 he, PlIAE-26.5 CHJMLEL T T4 4 h, 4% s
TIYEFELE 15 Pa o7, 40 CREATIANT T4 6 h 4%
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%2 FAETREENERRER OB
Table 2 Effects of sublimation drying temperature on

product quality

AR g/ C PR HT5/%
-18  JiHhERAS, HEEYUR, BEks 92.60
=20 JihERAS, HEEIUR, BEEHS 96.01
=22 JHhERAS, R EYUR, BEls 94.18
24 JEHhERAS, HEEIUR, hRBEE 8875

2.3.4  FHAGI IR ™ 5 BT s () SR R 2R AR
THET I B, THER TEDE AR SR, AR
il HRARE B AR POA B TIUE NRLEE, LS YR
ARG I P, BRI YRER) I il R A
Hoafb. RAERIE—26.5 CHIMRE Rk 4 h,
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ISAE T EBELUT 4 AR B P R AT % 5%,
SRR 3. HEATHETIRY B, FHER R 2
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PR R A, BRI S IR T R B AR

TIHEIR] 8] /h ERIN BT H/%
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6 Fbgihs, REEYOR, Bt 9418
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8 Fibgihs, R EYUR, BN 95.60
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Table 4 Effects of analytical drying temperature on product

quality
A&/ C PR VR 3/%
20 iy, BEEYURY), G 93.08
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25 gk, R EHR, P 94.25
30 gk, PR, Bic 9551
35 Bk, RS EHR, BUIc) 95.48
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Table S Effects of analytical drying time on product quality

T IR 110/ PER HTH/%
3.0 JFUtimeR, WIHEIOR, Bty 95.06
35 FOGRL, WITEICR, Bits) 9525
40 JUbER, REEEHUR, BN 96.01
4.5 FOMBRL, IR, Bt% 95.94

Mg, ME S8, R TZHE—20
e, ARSI TR E (AD . THERTE (B).
T TR L (OO MFTTHRINTE (D) %%
7, LLRTHG PO TESR, K] Box-Behnken il
AR T ZRATIA, 25 8835 IR 200 it T B ) £
i, ARE B MR ALK 60 T AR 7.

=2
2.4.2  [AIHBSRIGE ST 7 22 8T R Design
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Table 6 Design and experimental results of process of freeze-dried optimization of active components in lumbricus

Rl % YT 2/% Rl % T %
] - R -
Bh  C/C D/ SEJ T Bh  C/C D/ SEd T
1 —18(1) 7(0) 25(-1) 3.5(0) 9406 9444 | 15 -20(0) 8(1) 30(0) 3.0(-1) 91.28 91.67
2 —18(1) 6(-1) 30(0) 3.5(0) 9390 93.63| 16 —20(0) 6(-1) 35(1) 3.5(0) 94.66 94.36
3 =2000) 6(-1) 30(0) 4.0(1) 9382 9421 | 17  -20(0) 7(0) 30(0) 3.5(0) 9657 96.62
4 =200 7(0) 300) 3.5(0) 9650 96.62| 18 -20(0) 7(0) 30(0) 3.5(0) 9679 96.62
5 =20(0) 8(1) 30(0) 40(1) 9445 9481| 19 -20(0) 6(-1) 30(0) 3.0(-1) 90.58 91.01
6  —22(-1) 6(-1) 30(0) 3.5(00) 9479 9467| 20 -22(-1) 7(0) 35(1) 3.5(0) 9476 95.16
7 —18(1) 7(0) 30(0) 3.0(-1) 8992 89.64| 21  -20(0) 7(0) 35(1) 3.0(-1) 90.66 90.37
8 —18(1) 8(1) 30(0) 3.5(0) 9452 9426 22 -22(-1) 8(1) 30(0) 3.5(0) 9542 9530
9  =20(0) 7(0) 25(-1) 40(1) 9396 9386| 23 -18(1) 7(0) 35(1) 3.5(0) 91.12 9182
10 —20(0) 6(-1) 25(-1) 3.5(0) 9482 9469 24 -20(00) 7(0) 25(-1) 3.0(-1) 90.82 90.69
11 —22(-1) 7(0) 30(0) 4.0(1) 9396 9384 | 25 -—18(1) 7(0) 30(0) 40(1) 93.07 92.80
12 =20(0) 7(0) 35(1) 40(1) 9379 9354 26 -2000) 8(1) 35(1) 3.5(0) 9527 95.00
13 —20(0) 8(1) 25(-1) 3.5(0) 9541 9531| 27 —22(-1) 7(0) 25(-1) 3.5(0) 93.10 93.18
14 —22(-1) 7(0) 30(0) 3.0(-1) 90.79 90.67
x71 HEHSW
Table 7 ANOVA regression analysis
TERWE PR AmE FH P WM kWl PR AmME FME P BEM
A 3.23 1 17.71 00012 7 |A? 14.92 1 8170 <0.0001
B 1.19 1 652 00253 ° |B? 1.25 1 684 0026
C 0.30 1 1.66 02213 c? 8.94 1 4898 <0.0001
D 30.08 1 164.75 <0.0001 7 |D? 55.00 1 30120 <0.0001 ™
AB 2.50X107° 1 1.37X107*  0.9909 hk e 2.19 12
AC 5.29 1 2897 0.0002 | R 2.15 10 937 0.100 2
AD 1.00X10* 1 548x10* 09817 aliiR 2= 0.046 2
BC 1.00X10* 1 548X10*  0.9817 sy il 10327 26
BD 123X10° 1 6.71X10° 09361 A R A 0.004 6
CD 2.50X107° 1 1.37X10*  0.9909 RIEREREL 0.978 8

"P<<0.05, BIREA BN HAT R

"P<0.01, B EE RN EA R EE K0

"P <0.05, model or investigation factor with significant effect; P <0.01, model or investigation factor with extremely significant effect
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Fig.2 3D Response surface plots and contour plots of ¥ and four factors
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