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Application of two Bacillus sp. strains in composite degumming of
ramie fibers
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Abstract: [Background] Ramie fiber is known as the “king of natural fiber” and used in many fields due
to its excellent properties such as slender, strong, white, and shiny. However, the fiber is wrapped by the
gum materials with hemicellulose and pectin as the main components, and degumming is the pivotal
process for obtaining the refined ramie fibers. Using a single strain for ramie degumming, the gum
removal rate is always low due to its incomplete degumming enzyme system. As a result, lots of alkalis
and bleachers have to be used to remove the residual gum materials in the later stage. [Objective]
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Enriching the key enzyme systems in the degumming process of ramie fibers, improving the gum removal
rate, reducing the usage of chemical reagents in the later stage, and promoting the industrial application of
ramie biological degumming. [Methods] One strain Bacillus sp. HG-9 with highly activities of pectinase
and mannanase and another Bacillus sp. HG-25 with highly activities of xylanase were selected to
establish a mixed microbial degumming technology. Besides, the related parameters of the degumming
process were optimized. [Results] When the inoculation amount of the two strains, the ratio of water to
material, the initial pH value, the temperature, and the degumming time were 6%, 16:1, 5.9, 37.6 °C, and
14 h, respectively, the effect was best. Compared with strain HG-9 alone, the degumming time was
reduced by 2 h, and the removal rate of gums, hemicellulose, and lignin were increased by 9.32%, 21.24%,
and 17.93%, respectively. The amount of sodium hypochlorite was reduced by 20%. The results of
scanning electron microscopy showed that the fibers obtained by composite degumming was smoother,
without obvious distortion and damage. Meanwhile, the fiber dispersion was high. [Conclusion] With the
synergistic action of composite microorganisms, the key enzymes in the degumming process was enriched,
the gum removal rate was improved, the degumming time and the amount of bleacher in the later stage was
reduced. This study provided meaningful guidance for the further industrial application of ramie biological

degumming.

Keywords: ramie fiber, composite microbial degumming, synergistic action, gum removal rate
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(DNS)EPMI G AR AR 7 . H 88 SRS 77
KM ) FNLT 4 R BEHE 1 .
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Table 1 Table of orthogonal factor level
VSl EN PR HG-9 (A)#fiaE Rtk HG-25 (BY Al
Level/Factor Inoculum size of strain HG-9 (A) (%) Inoculum size of strain HG-25 (B) (%)
1 4 4
2 6 6
3 8 8
4 10 10
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Table 2 Table of experimental factors and levels
KFE O HR
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IR Wt pH fH eI
Water-to-material ratio Initial pH = Degumming
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0 14:1 6 37
1 16:1 7 42

JE S 25 B3R = (M~ M)/ Mo 100%
AN Mo A RIEURRA I T % () s My AR
JERTE B ST 1 (g) 5 Mo R~ JRR D JRR 58 e ) 1 B T 1 ()
A T AR B e JoT % R 27.99%
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R EBRFIE 43.54% Ho, JRRFUKEY) RBRRCER
B, SR 5.32%F0 5.75%5 BIFEZE 0.75%F
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Figure 1 The change trend of enzyme activity during
ramie degumming of strain HG-9
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Figure 2 Analysis of chemical components of ramie before
and after degumming by strain HG-9
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Figure 4 Analysis of chemical components of ramie before
and after degumming by strain HG-25
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Figure 3 The change trend of enzyme activity during
ramie degumming of strain HG-25
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x3 EXRERITRER

Table 3 Design and results of orthogonal test

SLH G S AHG-9 R B HG-25 R i e
Experiment No. A Inoculum size of HG-9 B Inoculum size of HG-25 Degumming rate (%)
1 1 2 13.40
2 2 2 14.21
3 4 1 12.81
4 4 2 12.59
5 3 1 12.78
6 4 3 11.90
7 2 4 13.36
8 2 3 14.29
9 2 1 14.20
10 4 4 11.24
11 3 4 12.04
12 3 3 13.95
13 3 2 14.31
14 1 3 11.87
15 1 4 11.29
16 1 1 13.77
K 13.20 13.39
K 14.02 13.63
K 13.27 13.00
Ky 12.14 11.98
R 1.88 1.65

RSP F BRI IIE, SRR ATIA  0.588 5X,7-0.051 7’

14.30%+0.13%, 5T 0.27%, AT & RAD
W TERAEYNR A B AR, FERh i R A T
BB A RIAE, e, Na@E R
S, Hit, RALAE R
2.4 AR E AR SRR E L
24.1 MEEALIRIEER

DIACER . W1hs pH {EURII RS BE AR kST A
A, ORI LR, W TR IR A5 SR UL 4.
242 BREENS5EEMSH

FIFH Design Expert XHRIGE ST
S3HT, ARBN R RN
Y=—142.572 8+4.441X,+14.692 3X;+4.129 5X;—
0.363 8X.X,+0.004 3X.X5—0.052X,X:—0.072 8X,*—

EPSEYS=y

Hrr, X=X 43 5RERACEL L . WG pH B ATREE
D7 R Hr 45 2 8500 1 ] R AT SRR S R
FASEIR 7 1), T 2R B W ) A/ N T sz Bt 42 B
TS SR S T R

XF Ay BB A 707 25008, A5 R 5

HR 5 o FAERTHRN, 25558 20 RR e %
RS2 R R P2 Xy OKORHEL )>X, (9746 pH)>X; (T
FE), ZAE PAE R 0.002 1, /NTF0.01, Z5HE
i R PE N 0.145 3, KT 0.1, ARE; #
IR 2B R*=0.935 9, FUIBRI SR, H
AEYER . Ah, —Iih X R, AR
2, ZLHTH XX BE, XX X0 A RE;
W X2 ARRE, X BE, XKWEE.
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% 4 Box-Behnken Design S2351& i+ R 45 R
Table 4 Experiment design and results of Box-Behnken design

SRS S KA Y46 pH {H 1 i
Experiment No. Water-to-material ratio Initial pH Temperature (°C) Degumming rate (%)
1 16:1 6.0 42 14.01

2 12:1 6.0 42 12.68

3 12:1 7.0 37 13.89
4 16:1 5.0 37 14.55

5 14:1 6.0 37 14.67
6 14:1 5.0 42 12.01

7 14:1 6.0 37 14.32

8 14:1 6.0 37 14.65

9 14:1 7.0 42 12.82
10 14:1 6.0 37 14.33
11 12:1 6.0 32 11.65
12 14:1 5.0 32 11.64
13 12:1 5.0 37 11.31
14 14:1 6.0 37 13.89
15 16:1 7.0 37 14.22
16 16:1 6.0 32 12.81
17 14:1 7.0 32 13.49

R5 AESME

Table S Table of variance analysis

IR syl F ¥575 F {H P1H
Source Sum of squares Degree of freedom Mean square F value P value
FE TR 19.991 9 9 22213 11.351 4 0.002 1%**
Model

Xi: KB 4.590 5 1 4.590 5 23.4582 0.001 9%**
Xi: Water-to-material ratio

Xo: ¥tk pH {E 3.0135 1 3.0135 15.399 7 0.005 7**
Xo: Initial pH

Xz IR 0.465 6 1 0.465 6 2.379 4 0.166 9
Xz: Temperature

XXo 2.1170 1 2.1170 10.818 5 0.013 3*
XX 0.007 2 1 0.007 2 0.036 9 0.853 1
XX 0.270 4 1 0.270 4 1.3818 0.278 2
X 0.356 6 1 0.356 6 1.822 1 0.219 1
X’ 1.458 2 1 1.458 2 7.4519 0.029 3*
X’ 7.044 8 1 7.044 8 36.000 5 0.000 5**
w2z 1.369 8 7 0.1957

Residual

ST 0.966 9 3 03223 3.2000 0.1453
Lack of fit

HriRe 0.402 9 4 0.100 7

Pure error

MEE 21.3617 16

Cor total

H: R=0.9359; P>0.1, 2RARE; *: P<0.05, ZEREBE; **:. P<0.01, ZRHLEE
Note: R*=0.935 9; P>0.1, Insignificant difference; *: P<0.05, Significant difference; **: P<0.01, Highly significant difference
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Figure S Response surface plot (A) and contour line (B) of the interactive effect of water-to-material ratio and initial pH on
the degumming rate
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Figure 6 Response surface plot (A) and contour line (B) of the interactive effect of water-to-material ratio and temperature
on degumming rate
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Figure 7 Response surface plot (A) and contour line (B) of the interactive effect of initial pH and temperature on the

degumming rate
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Figure 8 Effect of degumming time on the degumming
rate of ramie fibers by strain HG-9/HG-25
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