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Immobilization of Rhizopus oryzae onto Loofah Sponge as a Whole-Cell
Biocatalyst to preparation of biodiesel from Comus wilsoniana fruit oil

JI Shulan!, LI Xun!, Fei Wang'*
(1. Nanjing Forestry University, Nanjing 210037,China)

Abstract:  [Objective] Biodiesel, as a new renewable energy, is an ideal substitute for fossil fuels. It has the characteristics of
low sulfur, low carbon and high cetane content. Compared with traditional chemical methods, the preparation of biodiesel by biological
enzyme method does not need to remove extra catalyst and salt, and the purification cost is low, so it has great application potential.
However, the high cost of catalyst in biological method has always been considered as an important factor affecting its industrialization.
Using immobilized whole cells as biocatalyst can avoid the complicated purification process of lipase and effectively reduce the
preparation cost of biocatalyst. [Method] In this study, a strain of Rhizopus oryzae with high lipase production was immobilized and
applied to the preparation of biodiesel. Firstly, by comparing the immobilization rate and the methyl esterification effect, the most
suitable immobilized materials of R. oryzae were screened out from the bio-based immobilized materials of loofah sponge, nanofiber,
hydrogel and coconut shell activated carbon, and the suitable immobilization conditions were explored. The immobilized R. oryzae
was used as a whole cell biocatalyst to catalyze the preparation of biodiesel from Comus wilsoniana fruit oil. The effect of esterification
conditions on the yield of biodiesel was discussed. [ Result] The results showed that loofah sponge was the most suitable
immobilization material for R. oryzae, and its immobilization rate reached 162+6%. Loofah sponge is a kind of natural polymer
material. It not only has a fibrous vascular network structure with high porosity (79%-93%) and low density (0.02-0.04 g/cm?), which
is beneficial to the adhesion of R. oryzae, but also has excellent mechanical properties and tough texture, which can bear large shear

force in the later application process. Adding 2.25 g loofah sponge to 100 ml R. oryzae fermentation medium as immobilized carrier,
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and culturing for 72 h, the best immobilized R. oryzae whole cell biocatalyst can be obtained. In order to improve the catalytic efficiency
of R oryzae immobilized on loofah sponge, the effects of medium components on it were studied. Olive oil contains more unsaturated
fatty acids, which can be used as a carbon source to induce the expression of lipase in R. oryzae, and the methyl ester yield of
immobilized R. oryzae catalyzed by it can reach over 93%. By evaluating the immobilization rate and methyl ester yield, the compound
nitrogen source with polypeptone as organic nitrogen source and NaNO3 as inorganic nitrogen source was selected to cultivate and
immobilize R. oryzae. At the same time, in order to improve the service life and reuse times of immobilized cells, the feasibility of
crosslinking with 0.1% glutaraldehyde, dialdehyde starch and genipin solution was studied. The results showed that the loss of lipase
activity was less in the immobilized cells treated with glutaraldehyde, and the transesterification effect remained above 80% after
repeated use for 6 times. [ Conclusion] The whole-cell biocatalyst obtained in this study has the advantages of simple preparation,
good stability and reusability. The optimized medium composition also has the characteristics of low price, which effectively controls
the preparation cost of the whole-cell biocatalyst.

Keywords: Whole cell catalyst; Rhizopus oryzae; Loofah Sponge; Biodiesel; Comus wilsoniana fruit oil
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Fig 1. Gas chromatography of the product of immobilized R. oryzae catalyzed Comus wilsoniana fruit oil
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Fig. 2 Effects of different immobilization materials on R. oryzae immobilization.
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), BEMitE N 4: 1. Immobilized culture conditions: 28 (1, 180 rpm, basic medium. Methylesterification reaction conditions: 35 [, 180 rpm, pH 6.8,10%
buffer (w/w, weight of oil), 10% whole cell biocatalyst (w/w, weight of oil), and the ratio of alcohol to oil is 4: 1.

2 1. 2885Fm KRR EECHREE

22 JNE5 HIFLBRAE, Befs A B0 R B AR KSR BE TS R USR] o Oy 17 W FEAE A P e A2 v B4R Vs im0 oK
IRER A0 AL I SE R, (ERBERE R NI R 22 )% . &l 3 AT, BB 22 NN & i 3 i,
] BT AR BT I, 244 100m] KBRS & 2. 25g I, [EIEERIL B . SRR IR
T 2.25g), BEFRIEPHRZ KW LR, WHBIAEAG . ABEGRINEy 2. 25g I, [HHERE R &K
re, IBE 163%, AT 215 52 A0 AR AL ' BRI T B A5 2 v, 3K 91%. 1 WIAE [ € e B SRt A2
&L BB IR AT AR AR 5 5 22 J LT i I e e Bk b, RAR B Am AL e s I T 22 I 3R A G,
—IBIAIE | 22 N2 B RAF R ARV AN, (RN SRA5 1 [ 2 A A B AL B 0 Bk, SRASHVZAEMISEM B e 2 .
(R AR 2R KR T R PR IR R, M E R BRI IEE R, WA KRN E —ER, Bk
B MEL 20 CRT 2. 25g), BB AR E B0 B1R T RE,  HAS 2 2t 70 (4 ' B il HY
FRAG LA T R 1%, (X9 88% (2. 5g BAKAINED. FrbAET UL EIRE, 7B & oK R IR i, Dl
100m1 KR EEHA N 2. 25g 22 )R8 Hy iRt

1757



EANE RN e SN S20 ML AN Ty 434

100
180
160
L 90
] —7 \0\
140 - / . —_
g | SN 2
= L80 g
i 120 4 . T o4
1 B
100
| ; L 70
80 -
60 T T T T T T 50
1.50 175 200 225 250 275 3.00

FINE (9)
3 L& NARINET X LRAEEE LAY ST
Fig 3. Effect of adding time of loofah sponge extract on cell immobilization
[ LG TR oA :28°C, 180 rpm, FEREGIRAE . HERAL/RIZ6AF: 356°C, 180 rpm, pH{H 6.8, 10%AIZE (w/w, it FE), 1% 440 AE LT w/w,
G, BN 4: 1, BEE®@) . HEESK (@) . Immobilized culture conditions: 28 [, 180 rpm, basic medium. Methylesterification reaction conditions:
35 (1, 180 rpm, pH 6.8,10% buffer (w/w, weight of oil), 10% whole cell biocatalyst (w/w, weight of oil), and the ratio of alcohol to oil is 4: 1. Immobilization
rate (B) . Methyl ester yield (@) .
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Fig. 4 Effect of adding time of loofah sponge extract on cell immobilization
[ e TR A :28°C, 180 rpm, FEREREIRAE . BRI 35°C, 180 rpm, pH{H 6.8, 10%AIZE (w/w, ith ), 10%KI 44 A LT (w/w,
V), BEEL A 4: 1, [EERE @) . FEES % (@) . Immobilized culture conditions: 28 [1, 180 rpm, basic medium. Methylesterification reaction conditions:
35 11, 180 rpm, pH 6.8,10% buffer (w/w, weight of oil), 10% whole cell biocatalyst (w/w, weight of oil), and the ratio of alcohol to oil is 4: 1. Immobilization

rate (@) . Methyl ester yield (@) .
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Fig. 5 Effect of carbon source on the immobilization rate of R. oryzae
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Fig. 6 Effect of carbon source on the whole cell catalyst of R. oryzae for production of biodiesel from Comus wilsoniana fruit oil
RBIZ&AF:35°C, 180 rpm, pH i 6.8, LO%HIZEM (w/w, HiT), 10%HT A0 HEAT (v/w, L), BEah b 4. L il (@) . H%i 5 (@), 50%
1 2T HAT 0% RS i 2L A (A, B8 (), #B1ks  (O) FiEks (A) » Methylesterification reaction conditions: 35 [1, 180 rpm, pH 6.8,10% buffer (w/w, weight
of oil), 10% whole cell biocatalyst (w/w, weight of oil), and the ratio of alcohol to oil is 4: 1, olive oil (&) . glucose (@), Combination of 50% glucose and

50% olive oil (A), Soybean flour (B), dextrin (O) and starch (A) .
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Fig. 7 Effect of nitrogen source on the immobilization rate of R. oryzae
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Fig. 8 Effect of nitrogen source on the whole cell catalyst of R. oryzae for production of biodiesel from Comus wilsoniana fruit
oil
SRS 35°C, 180 rpm, pH {H 6.8, 10%IIZEM (w / w, il E) , 10% KA AEAL R (w/w, Sl ), Rl b 4. 1, ZREAK®@) . BEHE @),
JEE R (A, ZFAE (A) A1 NaNO; (@) . Methylesterification reaction conditions: 35 (1, 180 rpm, pH 6.8,10% buffer (w/w, weight of oil), 10% whole cell
biocatalyst (w/w, weight of oil), and the ratio of alcohol to oil is 4: 1, Polypeptide Peptone (@) + yeast extract (@), tryptone (A), beef extract (A) and
NaNO; (@) .
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Fig. 9 (Not) Reuse Times of Whole Cell Catalyst Crosslinked with Different Crosslinking Agents
BRI RIS 35°C, 180 rpm, pH AH 6. 8, 10%HIZEM (w / w, SHIHEE) , 0% AERRMEALF (v / w, SIE) |, B EE /KL 4: 1. Methylesterification
reaction conditions: 35 [, 180 rpm, pH 6.8,10% buffer (w/w, weight of oil), 10% whole cell biocatalyst (w/w, weight of oil), and the ratio of alcohol to oil is 4:
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Fig. 10 Effect of temperature on the whole cell biocatalyst of R. oryzae for production of biodiesel from Comus wilsoniana fruit
oil
SBLA A AN RS, 180 rpm, 10%Z (w/w, dylIEE) , 10%A A0 MaHEALTT (v / w, (YMEE), BE LA 4: 1. Methylesterification reaction conditions:
Different temperatures, 180 rpm, pH 6.8,10% buffer (w/w, weight of oil), 10% whole cell biocatalyst (w/w, weight of oil), and the ratio of alcohol to oil is 4: 1.
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Fig. 11 Effect of water content on the whole cell biocatalyst of R. oryzae for production of biodiesel from Comus wilsoniana
fruit oil

JBIZAE:35°C, 180 rpm, 10%AIAZAN AL (v / w, &IHE) , B LA 4: 1, 0(B) . 3%(@), 5% (A) , 10% (@) F1 15%(A) « Methylesterification

reaction conditions: 35 (1, 180 rpm, 10% whole cell biocatalyst (w/w, weight of oil), and the ratio of alcohol to oil is 4: 1, 0(B). 3%(B),5%(A),10%(®) and
15%(A).
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Fig. 12 Effect of the amount of biocatalyst on the whole cell biocatalyst of R. oryzae for production of biodiesel from Comus
wilsoniana fruit oil

RiZ6AE:35°C, 180 rpm, 10%HIZEM (w / w, HIHE), Bt 4: 1, 8% (@) . 10%(@) , 12%(A) , 15% (@) 1 18%(O) . Methylesterification
reaction conditions: 35 [, 180 rpm, pH 6.8,10% buffer (w/w, weight of oil), the ratio of alcohol to oil is 4: 1, 8%(@)+ 10%(®), 12%(A),15%(8) and 18%(O).
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Fig. 13 Effect of methanol addition time t on the whole cell biocatalyst of R. oryzae for production of biodiesel from Comus
wilsoniana fruit oil

FRBiZAF:35°C, 180 rpm, 10%ZEM (w/w, HIHEE) , 12%M MmN v / w, A, BEME A 4: 1, 0-10-24-48 (@) 0-10-24-40
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(@) , 0-10-20-48 (A) , 4FBE 10h (@) F1EERE 12h (O) » Methylesterification reaction conditions: 35 [1, 180 rpm, pH 6.8,10% buffer (w/w, weight of
oil), 12% whole cell biocatalyst (w/w, weight of oil), and the ratio of alcohol to oil is 4: 1, 0-10-24-48 (@) 0-10-24-40 (@), 0-10-20-48 (A) , Interval 10h (@)
Fl Interval 12h(O). .
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