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Optimization of Enzymatic Hydrolysis Conditions for Preparation of Microcrystalline Cellulose from Seabuckthorn Pomace

SHENG Wenjun, BI Yang, FENG Lidan, LI Jixin, HAN Shunyu, LI Min
(College of Food Science and Engineering, Gansu Agricultural University, Lanzhou 730070, China)

Abstract: Seabuckthorn pomace is rich in phenolic acid and is a byproduct produced during the processing of seabuckthorn
pulp. However, the astringency and bitterness of seabuckthorn pomace hinder its utilization in the feed industry. The
preparation of microcrystalline cellulose from seabuckthorn pomace is a potential solution to this problem. Therefore, in
this study, the crude cellulose extracted from seabuckthorn pomace was hydrolyzed with commercial cellulase S10041 to
obtain microcrystalline cellulose. Eight processing parameters were investigated, namely solid-to-solvent ratio, enzyme
dosage, hydrolysis time, temperature, buffer pH, centrifugal rotational speed, drying temperature, and comminution degree
of cellulose. The significant factors were selected and optimized using one-factor-at-a-time method, Plackett-Burman
design, steepest ascent path design and Box-Behnken design combined with response surface methodology. The prepared
microcrystalline cellulose was structurally elucidated. The results showed that the degree of polymerization of seabuckthorn
microcrystalline cellulose was 355 + 1.02 under the optimal follows: ratio of buffer solution to cellulose, 49:1 (mL/g);
enzyme dosage, 68 U/mL; hydrolysis time, 1.3 h; and centrifugal rotational speed, 3 640 r/min, which was close to that of
cotton microcrystalline cellulose. The analysis of variance showed that the four selected factors had independent influences
on the degree of polymerization but their interactions had no significant effect on the response (P = 0.10). The scanning
electron micrograph revealed that the surface structure of seabuckthorn microcrystalline cellulose was more porous as
compared to cotton microcrystalline cellulose. The infrared spectra of two microcrystalline celluloses revealed that similar
functional groups existed.
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Tablel Coded levels of independent variables used for
one-factor-at-a-time design
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Fig. 1  Results of one-factor-at-a-time experiments
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Fig.2  Significance ranking of factors tested in Plackett-Burman design
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Table5  Steepest ascent path design with experimental results
N AWK BRI/ Ci FE O/

1 30:1 35.0 1.0 1500 607.1
2 33:1 455 1.1 1 800 536.5
3 36:1 56.0 1.2 2100 3724
4 39:1 66.5 1.3 2400 4374
5 42:1 77.0 14 2700 301.2
6 45:1 87.5 1.5 3 000 162.1
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Table 6 Box-Behnken design with experimental results

R e X R XoERINE,  XEER X0/ o

(mL/g)  (U/mL) i [)/h (r/min)
1 30:1 35 1.2 2 100 431
2 30:1 77 1.2 2 100 329
3 42:1 56 1.2 1500 351
4 42:1 56 1.0 2 100 396
5 36:1 56 1.2 2 100 355
6 36:1 77 1.0 2 100 341
7 36:1 56 1.4 1 500 357
8 30:1 56 1.2 1 500 378
9 36:1 35 1.0 2 100 443
10 42:1 56 1.4 2 100 354
11 36:1 56 1.2 2 100 349
12 30:1 56 1.4 2 100 387
13 36:1 77 1.2 1 500 301
14 42:1 35 1.2 2 100 406
15 36:1 35 1.2 2 700 401
16 36:1 35 1.4 2 100 399
17 36:1 77 1.4 2 100 299
18 36:1 56 1.2 2 100 354
19 36:1 35 1.2 1500 408
20 30:1 56 1.2 2 700 381
21 42:1 56 1.2 2 700 354
22 30:1 56 1.0 2 100 423
23 36:1 77 1.2 2 700 297
24 36:1 56 1.2 2 100 351
25 36:1 56 1.0 2700 391
26 36:1 56 1.0 1 500 388
27 42:1 77 1.2 2100 304
28 36:1 56 1.4 2 700 352
29 36:1 56 1.2 2 100 355
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Table 7  Analysis of variance (ANOVA) for response surface
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Fig.3  Microscopic surface structure of microcrystalline cellulose from

cotton (A) and seabuck-thorn (B) under scanning electron microscope (x5 000)
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Fig. 4  Microscopic surface structure of microcrystalline cellulose from cotton (A)
and seabuckthorn (B) under scanning electron microscope (x 10 000)
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Fig. 5 Infrared spectra of microcrystalline cellulose from
cotton (A) and seabuckthorn (B)
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