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Ultrasonic-assisted Extraction of Residual Oil from Periplaneta americana
Discards and Preparation of Biodiesel
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Abstract: The purpose of this study was to explore the new way of comprehensive utilization of Periplaneta americana
discards. With P. americana discards as raw material and petroleum ether as extraction solvent,the process conditions of
ultrasonic-assisted extraction of residual oil were optimized by orthogonal test. The effect of ultrasonic power, extraction
duration, liquid to solid ratio and times of extraction on yield of residual oil were investigated. Furthermore, the oil was
prepared using sulphuric acid as catalyzer through reaction of ester exchange with methanol, the preparation conditions
were optimized through orthogonal experiment,and the effects of reaction temperature ,reaction time , molar ratio of meth-
anol to oil and catalyst amount on oil conversion rate were investigated. The results showed that the optimal extraction
conditions of oil were obtained as follows: ultrasonic power of 300 W, extraction duration of 0.5 h,solid to liquid ratio of
1:8 and extracting for 4 times. Under the optimal extraction conditions, the yield of oil reached 24.25% . The optimal
transesterification conditions were: reaction temperature of 65 °C ,reaction time of 2.5 h,molar ratio of oil to methanol of
1: 6, catalyst amount 1.5% of oil weight. Under these conditions, the oil conversion rate was up to 94.37% .
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Table 1  Factors and levels of orthogonal test for the extraction of residual oil

% Factor

ii A IR B H I [a] C BRI LE D R HKEL
Ultrasonic power (W) Extraction duration (h) Solid to liquid ratio (g/mL) Times of extraction (n)
1 250 0.5 1:8 2
2 300 1 1:10 3
3 350 1.5 1:12 4
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Table 2 Factors and levels of orthogonal test for the preparation of biodiesel

2 Factor

fj@l A BN B 5 B 1] C e D AT TR
Reaction temperature ( °C ) Reaction time (h) Molar ratio of methanol to oil Catalyst amount (% )
1 60 1:5 1.5
2 65 1:6 2
3 70 1:7 2.5
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Table 3 The results and range analysis of orthogonal test for the extraction of residual oil

S L %
*l\lliﬁ? A B ¢ D Extracli‘}:lﬂjiid (%)
1 1 1 1 1 19.76 18.59 19.22
2 1 2 2 2 23.39 22.15 22.48
3 1 3 3 3 23.94 23.45 23.03
4 2 1 2 3 24.96 24.14 24.40
5 2 2 3 1 22.31 22.96 22.31
6 2 3 1 2 24.47 24.30 23.28
7 3 1 3 2 23.33 23.51 23.03
8 3 2 1 3 23.25 24.33 23.61
9 3 3 2 1 21.51 21.91 21.08
I 21.78 22.33 22.31 20.92
I 23.68 22.98 22.74 23.33
ITj 22.69 22.85 23.10 23.90
Rj 1.90 0.65 0.79 2.98
x4 AEDW
Table 4  Variance analysis
IPEK BT IR Frtie )ik . , L
Sources of variation SS df variance Significant
A 16.356 2 8.178 33.050 9.425 E-07 <0.01
B 2.615 2 1.308 5.285 0.016
C 2.978 2 1.489 6.018 0.010
D 40.245 2 20.123 81.324 9.681 E-10 <0.01
R 4.454 18 0.247
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Table 5 Results of validation test

v HLHR
No Extraction yield (% )

1 23.77

2 24.72

3 24.26

{E 24.25

SEIN RO v PR D e R R AR T R
TR LA 106 o e nl BBl T HH i A0 8 i = 200
HEAL T R BSOS AR 52 AR . SOBEIN [R]
5 AT B S A A B IE ARG, (E e Al R ith e 7
BRI ] 2 h HEACTH T 2% Ja 0l TP E



118 KIRF=YIBE R 5T K

Vol. 29

i & 90 '
285 il

Ll
Conversion rate(%

Ll

Conversion rate(
oe]
S

SOV EE

Reaction temperature(“C)

oAb
Conversion rate(%

0 ©

S

45 50 55 60 65 70 75 80

B

Mole ratio of oil to methanol

14 15 1.6 17 18 19

<100{p

v

0 05 10 15

o0 \O \O
wn O W

20 25 30 35

SN I

Reaction time(h)

<1004y

15 20 25 30 35
AR5

Catalyst amount(%)

0 05 10

B2 REGRE(A)RRZEE(B) GHEZEE (C) FAELFIAE (D) EXZHNF N

Fig. 2 Effect of reaction temperature ( A) ,reaction time (B) ,molar ratio of methanol to oil (C) and catalyst amount (D) on oil
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Table 6 The results and range analysis of orthogonal test for the preparation of biodiesel

S b %

*l]\%:? A B ¢ D Converjiijltrie (%)
1 1 1 1 1 85.26 87.12 85.89
2 1 2 2 2 89.42 89.39 89.47
3 1 3 3 3 90. 44 91.94 90. 26
4 2 1 2 3 92.25 93.45 92.32
5 2 2 3 1 93.71 92.71 93.74
6 2 3 1 2 93.65 94.86 93.33
7 3 1 3 2 91.37 90.97 91.05
8 3 2 1 3 93.88 91.86 93.57
9 3 3 2 1 94.17 92.31 94.72
I 88.80 89.96 91.05 91.07
I 93.34 91.97 91.94 91.50
IIr; 92.65 92.85 91.80 92.22
Rj 4.54 2.89 0.90 1.15
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Table 7 Variance analysis
J5 2R U5 BRI A U= F P M
Sources of variation SS df variance Significant
A 107.753 2 53.876 80.558 1.045 E-09 <0.01
B 39.460 2 19.730 29.501 2.084 E-06 <0.01
C 4.179 2 2.090 3.124 0.068
D 6.063 2 3.032 4.533 0.025
TR 12.038 18 0.669
R8 WIFRKER 2013,2.7.
Table 8 Results of validation test Duan JA(BE4: ) ,Su SL(fEH 22) , Guo S(FREE) et al.
e P Production of castoff from process in Chinese materia medica
No. Conversion rate (% ) resources industrialization as well as resource utilization
: 01 strategies and modes. Chin Tradit Herb Drugs ( 11 EL24) ,
2013,44 .2787-2797.
2 9. 12 Zhou Q ( JH 3i). New use of Periplancta americana L.
3 94.86 Fuzhou ; Fujian Agriculture and Forestry University (47 4&
HfH 94.37 FA22) , PhD. 2008.
Mei M(#EHH) ,Li N(Z545) , Zou JB(4RR0%) ,et al. Effects
4 _f_:ln: 'i /k\' of different pretreatment methods on Periplaneta americana

TN K IEE (g , BN AE 280 2 B U |,
2yt P S KRR . DA FORHE G IR, AN
ARAS G B 1T L HE K o 308 5 52 g il i B BSR4
AR LI 38 1 1E 38 S50, 19 1 95 U R Wk 24
BRI ) B AR U T A 45 R, P i D)% 300 W 42
HRAFE] 0.5 h R L 1: 8 FRIREL 4 ¥k, 153 %]
ik 24.25% . M IE T 5L R 3R 25 4 A IE A8 S et
e T AW S ) s AR T A T2, SRR I g ek
N 65 °C AR 2.5 h JEEEL A 125 AR
W 1.5% A0 %035 94.37% . AWFREN, %
PRI 245 s P A A — ol il 8 25 0 S R SR A T
FFIH

S 0k

1 Xichang, Sichuan the world’ s largest cockroach breeding
base. Modern Market , Business Ed ( B0 AC& 55, &5 ),

oil compounds by GC-MS. Chin Med J Res Prac (Bt 24
R 5528 ) ,2014,28(2) :27-30.

Wang PF( £ K) ,XU RC(IFIEH) , Li JW(Z2104E) et
al. The acute toxicity and the antagonism to protect liver in-
jury of the Periplaneta americana oil. Chin Med J Res Prac
(B 2558 15 52k ) ,2015,29(6) :34-36.

Huang HP (#J2£1%) , Cheng CF (#2455 ) , Lin WQ (#£3C
%) et al. Effect of Periplaneta americana oil on immune re-
sponse in mice. Chin Med J Pharm Clin ( /1 24 25 B 5 II5
JK),1985,1:160-161.

Wang K( £%5) ,Feng S(#4 1) ,He Z(fi[£]) ,et al. Study
on two antimicrobial monoglycerides of Periplaneta americana
L. Lishizhen Med Mater Med Res (¥ [EIE E25),2013,
24.2102-2103.

Zhang PB (K ##17) , Han QJ (#i £k %) , Fan MM (3 I
AH) ,et al. Progresses in study on the mechanism of transes-
terification for biodiesel fuel. Petro Tech( f7i14k.T.) ,2012,
41.1081-1086.



