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CrossMark

LAX retting is a treatment process employed to dissolve or rot away much of the cellular

tissues and pectins surrounding bast/fiber bundles thus facilitating separation of the fiber
from the stem. The microbial retting is one of the most environmentally friendly process.
The rich source of microbes contributing to flax retting is the retting water in commercial
retting plants. The main objective of this work is to accelerate the flax retting using selected
bacterial strains contributing to retting and degumming of flax in order to avoid chemicals
causing environmental pollution. In this work, reuse of retting water for acceleration of
flax retting was tested. The results show that, the reuse of retted water in new cycle of flax
retting has accelerated the retting completion by 8.3-25% depending on the ratio of reused
retted water in the retting liquor. Therefore, samples of flax straw retted water and soils from
flax fields located in Nile Valley and Delta soils were collected for isolation of flax retting
bacteria predominant in the retting effluents. Identification of the isolates was done using
morphological, physiological and biochemical tests. Ten bacterial isolates were identified
as Lactococcus cremoris, Chryseobacterium culicis, Serratia marcescens, Capnocytophage
granulose, Micrococcus luteus, Enterobacter homraechei, Klebsiella oxytoca, Paenibacillus
polymyxa, Proteus mirabilis and Bacillus humi. Three efficient strains in pectinase production
necessary for flax retting were selected to test their role in enhancing the retting process. These
strains are Bacillus humi, Chryseobacterium culicis and Micrococcus luteus which showed
specific pectinase activity 37.17, 33.53 and 28 Umg!' respectively. The effect of these strains on
retting duration and fiber quality were studied. The combinations of the three strains were tested
in the lab scale cylindrical experimental bioreactor and each of the combinations was compared
with the classical retting process of the industrial units. The combined treatment using strains:
Chryseobacterium culicis, Micrococcus luteus and Bacillus humi resulted in the reduction of
the retting duration by 30%, whereas, the mixed inocula containing Chryseobacterium culicis
and Micrococcusluteus reduced the retting time by 25%. The mixture of Micrococcus luteus
and Bacillus humi reduced the retting duration by 20%. The determination of weight loss,
tensile strength, whiteness and yellowness of the fibers after microbial retting was monitored.
These results indicate that the obtained specific bacterial strains enhanced the retting process.
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Introduction

Retting and degumming of flax straw is an
important step in textile industry. The retting, is a
process employing the action of micro-organisms
and moisture on plants to dissolve or rotaway much
of the cellular tissues and pectins surrounding
bast-fiber bundles, and so facilitating separation
of the fiber from the stem [13, 14]. In the wet
retting process of the flax, bundles of flax stems
are to be immersed in water for fermentation by
anaerobic bacteria to degrade pectins and matrix
components in the plant cell wall [17]. When the
retting is complete, the bundles of flax feel soft
and slimy, and quite a few fibers are standing out
from the stalks.

Flax has a long history as a double purpose
crop cultivated in Egypt, China and India since
long ago [1-3, 7]. The processed flax is used to
make very fine linen fabrics [4-6, 8]. Flax on
the other hand is grown in tropical as well as
in temperate countries for its oil-bearing seeds
[9, 10]. The seeds are crushed to make linseed
oil, and the remaining cake is used for fodder.
Additionally, dried flaxseed has been used in
various medicinal preparations [11, 12]. Egyptian
Silty clay soils in Delta and Nile valley regions
are used for growing economical food crops [15,
16] and fiber and oil crops [1].

Several methods are used for retting of
flax. Enzymatic retting methods use polymer
degrading enzymes (pectinase, hemicellulase
and cellulase) [19]. The chemical method uses
harsh chemical agents. The biological methods
use microorganisms with polymer degrading
enzymes. The aim of this study is to accelerate
the flax retting using selected bacterial strains
contributing to retting and degumming of flax
in order to avoid harsh chemicals causing
environmental pollution.

Materials and Methods

Collection of samples and isolation of native
microbes

Samples from retted water of flax straw were
collected from Flax Tanta Company, El-Gharbia,
Egypt. The retted water samples were kept in
refrigerator at 5°C until analysis. Serial dilutions
of each sample were prepared in distilled water
and spread on nutrient agar (NA). The plates were
incubated at 30°C for 24h. Colonies of bacteria
were picked from each plate and streaked on the
same media for further purification [20- 23].
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Primary screening of bacterial isolates for
pectinase activity on solid media

Isolates were tested on pectin mineral agar salt
medium (PMAS) for primary selection of isolates.
The medium composition is as follows; 0.2%
pectin (the sole source of carbon), 0.3% KH,PO,,
0.6% Na,HPO,, 0.2% NH,Cl, 0.5% NaCl, 0.01%
MgSO,.7H,0 and 1.5% agar. Solution pH was
adjusted at 7, and plates were incubated at 30°C
for 24 hrs [24, 25].

Screening of pectinase producing isolates in broth
media

Bacterial isolates were grown on pectin
mineral salt medium (PMSM broth). Inoculated
broth media with isolates were incubated at 30°C
with shaking at 120 rpm. Optical density was
estimated at 600 nm after 24 hours. The broth
culture was centrifuged and supernatants were
used for the screening of pectinase activity using
well plate method. Petri dishes containing pectin
mineral agar salt medium (PMAS) amended with
1.5% agar were used. The wells of 5 mm diameter
were cut in the agar with the help of cork borer.
Each well was filled with 25 pL of supernatant
and incubated for 24 hrs at 30°C. The plates were
flooded with iodine solution according to Martin
et al. and Miller [25, 26]. The enzyme activity was
judged by measuring the diameter of clear zone
around the well in millimeters. The background of
the agar containing pectin turns into black color,
while the clear zones around the wells indicate the
production of pectinase that breakdown the pectin
to galactouronic acid.

Confirmatory analysis of pectinase producing
bacteria

Quantitative production of pectinase enzyme
by bacterial isolates in pectin mineral salt medium
(PMSM broth) of pH 7 was tested. The culture was
incubated for 24 hrs at 30°Con shaking incubator
120 rpm for measuring pectinase activity. The
Pectinase was estimated using Dinitrosalicylic
Acid (DNS) method according to Miller [26].
A standard curve of D-Galactouronic (1 mgml
") was developed under identical conditions
to determine the reducing sugars formed. The
enzymatic activity of supernatant was expressed
as enzyme Units per ml (Uml') which was
defined as the amount of enzyme which liberates
1 umole of reducing sugar per ml per min under
assay conditions.

Determination of protein by Folin-Lowry s method
The total protein was estimated in supernatant
of culture broth and after precipitation by Folin-
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Lowry’s [28]. Bacterial cultures were grown
on pectin broth media on incubator shaker
(120rpm) for 24 hours at 30°C. The cultures were
then centrifuged for 15 minutes at (8000rpm).
The protein in the supernatant was estimated
using Folin-Lowry’s method. The estimation of
pectinase activity was calculated according the
following formula:

Pectinase specific activity (Umg') = Pectinase
Activity Uml!/ Total Protein mgml™!

Biochemical characterization of bacterial isolates
producing pectinase

The selected strains were identified to
the species level wusing Biolog, Hayward,
GenllIMicroPlate™. The bacteria was released
into the Inoculation Fluid (IF-A) by rubbing the
swab tip against the bottom of the tube containing
IF-A. Any cell clumps in the IF-A were crushed
against the tube wall. Then, the IF-A suspension
was gently tilted upside-down a few times
to obtain a uniform cell suspension and the
transmittance (% T) was read using Biolog Turbid
meter (Biolog, Hayward, CA, USA). Then, the
GENIII Micro plates were incubated at 33°C
for 24 h. The resulting patterns were read using
the Biolog automated Micro-Station instrument
(Biolog, Hayward, CA, USA).

Retting of flax fiber using different ratios of retted
water

Experiment was sit using cylindrical
bioreactor for retting of flax fiber. The liquor
flax ratio in each’ unit of the bioreactor is 1:30.
this experiment was done in July month 2016,
whereas, the ambient air temperature fluctuated
between 28-36°C (Egyptian Meteorological
Authority). The treatments were:
—  Conventional retting underground water.
—  Ground water with 25 % reused retted water.
—  Ground water with 50 %reused retted water.
—  Ground water with 75 % reused retted water.
— 100 % reused retted water.

Completion of the retting flax process in
the bioreactor was evaluated using Fried test
as described by Nayebyazdi and Norris [29, 30].
In this test, retting is scored based on visual
standards from 0 (no fiber separated from
stems) to 3 (extensive fiber separation), which
is done through facilitating broken flax stalks
with distinctive sound like break down stick and
easing fibers separation from straws. After retting
the flax stalks in the bioreactor, the stalks were
left to dry in open air for a short period to allow

“curing” to occur and facilitate fiber removal.
Final separation of the fiber is accomplished by
a breaking process in which the brittle woody
portion of the straw is broken by the scutching
to remove the broken woody pieces (shives). The
acceleration of retting process % was calculated
throughout the equation.

Acceleration of retting process was calculated
using the following equation :

Commercial Retting Completion Time -
Treatment Completion Time / Commercial
Retting Completion Time X 100

Enhancing retting using three potential bacterial
strains producing pectinase
Three selected potential pectinase producing
bacterial strains were grown on nutrient broth in
SL conical flask at 28°C for 24 h and the growth
intensity was measured as O.D at 600 nm by
JENWAY-6305 UV-VIS spectrophotometer. The
strains were mixed equally to form inoculant
mixtures containing double or triple and mixed
inoculants were used in the retting of flax fiber
in the experimental cylindrical bioreactor. The
liquor ratio (LR) representing weight of fiber to
weight of water was constant in all treatments
being 1/30 at initial time. This experiment
was conducted in January 2017, whereas, the
ambient air temperature fluctuate between 18-
25°C (Egyptian Meteorological Authority).The
bacterial treatments used for retting of flax straw
were as follows:
— Conventional retting without addition
external bacteria.
—  Mixture of strains Chryseobacterium culicis
and Bacillus humi.
— Mixture of strains Micrococcus luteus and
Bacillus humi.
—  Mixture of strains Chryseobacterium culicis
and Micrococcus luteus.
—  Mixture of strains Chryseobacterium culicis,
Micrococcus luteus and Bacillus humi.

The completion of flax the retting process was
evaluated as previously mentioned.

Retting indices measurements

The microbial load was determined by
measuring the optical density at wave length 600
nmby JENWAY-6305 UV-VIS spectrophotometer.
The retting liquor color was measured at wave
length 300 nm after colorization scanning by
JENWAY-6305 UV-VIS spectrophotometer.
Determination of weight loss was done by oven-
drying method of 5g straw at105°C before and

Egypt. J. Chem.62, No. 11 (2019)



2036

HASSAN MOAWAD et al.

after retting until constant weight. The loss (%)
in weight was calculated from a mean of
three replicates [19]. The tensile strength (g/den.)
and elongation (%) of fibers were determined by
the ASTM machine using test D5035 method [31,
19]. The whiteness index (WI) and yellowness
index (YI) were determined on Ultra Scan Pro.
Hunterlab [18, 19 and 32].

Results and Discussions

Isolation of bacterial colonies dominant in retted
water

In this study, 75 bacterial isolates were
obtained from retting water of flax at Tanta
Company, Egypt. Serial dilutions of retted water
and soil samples were diluted in serial distilled
water and spread on Nutrient agar (NA) pH 7.
The plates were incubated at 30°C for 24h [33,
34]. Representative of similar colonies were
picked from each plate and streaked on the same
media for purification. Table 1 shows the number
of isolates obtained from four industrial retting
basins located in the flax retting plant in Egypt
and a soil sample taken from flax growing field.

Primary Screening of bacterial isolates for
pectinolytic activity

The isolates from different basins were grown
on agar media containing pectin as the sole source
of carbon. The idea originated from the potential
of finding certain bacteria actively producing
pectinolytic enzymes produced by microbes in the
retting fluid. Several authors isolated the bacteria
performing flax and hemp retting from the retting
fluid of the industrial plants [33-35]. Table 1
shows that only 20 out of 75 isolate were able to
grow and utilize pectin as sole source of carbon.

Growth of pectinase producing bacteria in liquid
media

The growth of the twenty bacterial isolates
in broth media containing pectin as a sole source
of carbon was studied. The culture fluids were
centrifuged to obtain the supernatants containing
the exo-pectinase enzyme. The supernatant were
then tested in the well plate method to evaluate
the intensity of pectinase enzyme activity. Table
2 shows that isolate B40, B32, B35 and B31 gave
the significantly higher growth as measured by
OD after incubation for 24 hours on incubator
shaker as compared with the other 16 isolates.

TABLE 1. Source of indigenous bacterial isolates and their growth on pectin agar media.

Factory retting basins Number of isolates T Growth -
Basinl 16 5 11
Basin2 17 4 13
Basin3 14 5 9
Basin4 16 5 11

Soil 12 1 11
Total 75 20 55
TABLE 2. Optical density of twenty bacterial isolates on pectin broth media.
Serial number of isolate Isolates oD
1 B40 1.552a
2 B32 1.491 a
3 B35 1443 a
4 B31 1.406 a
5 B33 1.389a
6 B38 1.211b
7 B39 1.112 be
8 B34 1.024 ¢
9 B36 0.978 cd
10 B37 0.962 cde
11 B12 0.845def
12 B22 0.801def
13 B45 0.784efg
14 B49 0.699fg
15 B50 0.613gh
16 B41 0.612gh
17 B9 0.459 hi
18 Bl11 0.387ij
19 B10 0.274j
20 B51 0.269 j

Duncan’s test: values followed by different letters are significant different.
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This method was previously applied to assess the
pectinase activity by bacteria isolated from flax
retting fluids [26, 35- 37].

Phenotypic characterization of the highest
indigenous pectinolytic bacterial isolates

The differentiation between promising ten
pectinase producing isolates were examined using
colony and cell morphology as well as gram
staining. The results are presented in Table 3. Four
isolates were G™° and 6 were G™° bacteria. Most
of the isolates had rod shape cells.

Screening of potential pectinase production by ten
promising isolates in broth media

The diameter of zone around wells amended
with bacterial supernatant indicates pectin
degradation. The results show that isolate B40,
B32, B35 and B31 were the most effective
isolates in pectinolytic activities with isolates B40
and B32 being the highest significant pectinase
produces as compared with other isolates

(Table 4). These results are in line with reports
published by other authors [38-40].

Confirmatory analysis for pectinase production
by bacterial isolates obtained from retting water

The pectinase activity of the isolates as
measured by using dinitrosalicylic acid (DNS)
colorimetric method is presented in Table 5. Table
5 shows different pectinase and pectinase specific
activity by the different isolates. The maximum
pectinase specific activity was recorded with isolate
B40 (37.17Umg"). The pectinase specific activity
of these results was significantly higher than any
other isolate. Isolate B32 and B35 were next in
pectinase specific activity being 33.53 and 28.00
Umg 'respectively. All other isolates gave different
pectinase specific activity significantly lower than
the previous three isolates. Pectinase production
by certain microbial strains was stated in several
reports [26, 41- 44].

TABLE 3. Phenotypic characterization of ten pectinolytic bacterial isolates.

Isolates Gram stain and cell shape
B31 Gram-positive, cocci shape occur singly, in pairs, or in chain
B32 Gram-negative, rods shape
B33 Gram-negative, straight rods cells
B34 Gram-negative, fusiform to rod shape
B35 Gram-positive, spherical, occurring in pairs, tetrads, or irregular clusters
B36 Gram-negative, straight rods shape
B37 Gram-negative, rod-shape; singly and in pairs or short chains.
B38 Gram-positive, rod shape
B39 Gram-negative, rod shape
B40 Gram-positive, rod shape

TABLE 4. Indicating diameter of pectin degradation.

Isolates numbers

Zone diameter (mm.)

B40
B32
B35
B31
B33
B38
B39
B34
B36
B37

36a
35a
29b
19¢
17d
16d
l4e
12f
11f

8¢g

Duncan’s test: values followed by different letters are significant different.
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TABLE 5. Pectinolytic activity of ten bacterial isolates possessing pectinase enzyme.

Pectinase activity of crude

Crude protein Pectinase specific activity

Isolates extract (Uml?) (mgml™) (Umg™)
B31 0916 d 0.037 ef 24.76 d
B32 1.274 b 0.038 ¢ 33.53b
B33 0.775 ¢ 0.036 fg 21.53 ¢
B34 0.698 0.047 a 1485¢g
B35 1.232 ¢ 0.040 d 28 ¢
B36 0.616 g 0.045b 13.69¢g
B37 0.338h 0.036 fg 9.39h
B38 0.74 ¢ 0.035¢ 21.14 ¢
B39 0.681 f 0.041 cd 16.61 f
B40 1.561 a 0.042 ¢ 37.17 a

Duncan’s test: values within the same parameters followed by different letters are significant by different.

Identification of bacterial isolates producing
pectinases

Table 6 presents the biochemical identification
of the ten pectinase producing bacterial isolates
obtained from retting water using biolog
GENIIMicroPlates and automated software.
The isolates were diverse in biochemical
characterization defining the species to which
the isolate belongs. The results of the isolates
identification are presented in Table 6. The
tested isolates belonged to ten different species
of bacteria. The number of the isolates to which
specific bacteria belonged are presented in Table
6. The biolog identification of bacteria was
employed in other studies [21, 45, 46]. Bacillus
licheniformis and Bacillus cereus were previously
used for retting of flax fibers [50].

Testing of flax vretting pectinase producing
bacteria in experimental cylindrical bioreactor

The three bacterial strains active in pectinase
production nearly; Chryseobacterium culicis,
Bacillus humi and Micrococcus luteus were used
in double or triple mixtures to assess the efficient
in pectinase production and retting process. The
retting was performed in 30 L retting fluid where
1 kg of flax straw was submerged. Each treatment
was replicated 3 times.

Effect of retted water reuse as a starter for
accelerating retting process

The acceleration of flax retting process and
preserving fiber quality is of great importance
for the growth of flax textile industry. Flax fibers
are considered promising natural fibers with high
economic value. The retting process starts with the
degradation of pectin responsible for adhering the
plant stem with fibers. The removal of pectin can
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TABLE 6. Biochemical identification of pectinase
producing bacteria using  biolog

GENIIMicro Plates.

Isolates Species
B31 Lactococcus cremoris
B32 Chryseobacterium culicis
B33 Serratia marcescens
B34 Capnocytophage granulose
B35 Micrococcus luteus
B36 Enterobacter homraechei
B37 Klebsiella oxytoca
B38 Paenibacillus polymyxa
B39 Proteus mirabilis
B40 Bacillus humi

be performed by chemical treatments or smooth
enzymatic process [19, 48]. The enzymatic
approach is an eco-friendly process and is
preferable as compared with other approaches.
Since the indigenous bacteria in the retting fluids
are known to perform dewaxing and degumming
of pectin from the plant stems, it is expected that
the retting liquor must contain high density of
bacterial consortium contributing to the process.
In this study, the retting water was used in different
portions to assess the acceleration of the retting
completion due to the activity of the indigenous
bacteria already existing in the retting liquor. The
reuse of different proportions of retted water in
new retting cycle was studied. The effect of reuse
of retted water in different ratios (0, 25, 50, 75 and
100 %) in retting fluid supplemented with ground
water routinely used in factory retting process was
studied. The major changes in retting media were
followed throughout 72 hours of retting process.
The groundwater in used as a control treatment
to compare its results with those obtained from
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different proportion reused retted water in media
used for flax retting. The temperature of the retting
fluid ranged between 29 t036°C depending on the
time of sampling (Table 7). The sampling at day
time in all treatments showed higher temperature
(35-36°C) as compared with the sample taken at
the night time being 28-29°C (Table 7). The pH
of retting fluid (Table 7) showed gradual decrease
in all treatments and the control throughout the
retting process (72 hours). The microbial load in
the retting fluid increased gradually by as the time
of the retting increased until 72 hours (Table 7).
The highest microbial load was observed in the
last three samples taken at 48, 60 and 72 hours
particularly in the treatments receiving 75 and
100% of reused retted water. The Changing of
retted liquor colour that indicates the bacterial
degumming and de-waxing of the crude flax
straw was also assessed (Table 7). While the
change in that colour in the control receiving
only ground water was increased significantly and
reached 5.537 (ten times more than the starting

value 0.541), the increase in all other treatments
receiving 25-100% of retted water was almost
doubled only (Table 7). This may be due to the
already existing colour in the reused retting water
which interferes with the additional color removal
by the bacterial load. However, the fluid color
released in the growth media was much higher in
the treatment receiving reused water as compared
with the control.

Effect of retted water reuse on flax retting
and fiber quality was studied. The results in
Table 8 show that the retted water reuse in
proportions of 25, 50 and 75% accelerated the
retting process whereas the use of 100% of retted
water did not show significant effect on retting
process completion. The reuse of retted water in
proportion of 75% induced significant the highest
effect on retting completion (54 hours), weight
loss (7.92%), fiber strength (0.654 g/den) and
fiber elongation (1.398%). The values of these
parameters are in general significantly different

TABLE 7. Change of temperature, pH, microbial load and retting liquor color throughout the retting process using

different proportion of retted water.

Sampling time (hours)

Parameters Treatments
0 12 24 36 48 60 72
GW1 20%  35%x 28 36 29 35 29
GW +25% RW2 29 35 28 36 29 35 29
Temperature ~ GW + 50% RW 29 35 28 36 29 35 29
GW +75% RW 29 35 28 36 29 35 29
100% RW 29 35 28 36 29 35 29
GW1 6.68 618 587 5.68 5.46 5.35 5.6
GW+25%RW2 635 601 571 5.52 534 527 5.19
pH GW + 50% RW 604 581 557 5.41 527 5.19 5.11
GW + 75% RW 571 553 539 525 5.12 5.04 5.01
100% RW 528 523 521 5.09 4.98 487 4.85
GW1 0.04 0.8 0261 0308 0344 0375 0396 d
GW+25%RW2 0206 0423 0578  0.649  0.699  0.743 0.776 ¢
Microbial load  GW+50%RW 0337 0565 0732 0813  0.859 0904  0.932bc
GW+75%RW 0451 0702 0863 0955  1.012  1.047 1.078 b
100% RW 0546  0.826 0993  1.102  1.159  1.195 1218 a3
GW1 0541 3387 3993 4202 4412 4729 5537¢
o GW +25%RW2 1926 4533 5212 5431 5658  6.059 6.889 d
xtélrng iquor W sonRW 3312 5786 6387 6717 7058 7476 8.478 ¢
GW+75%RW 4607 6812 7535 7875 8223 8753 9.788 b
100% RW 5598  7.897 8693  9.081 9397 9957  10.957 a3

1. GW, Groundwater,

2. RW, Retted water reuse,

3. Duncan’s test: values followed by different letters are significantly different.

*ambient room temperature at night time.
** ambient room temperature during the day.
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TABLE 8. Effect of retted water reuse on retting completion and fiber quality.

Retted water reuse

GW +25%

GW+ 50% GW +75%

1 L1}
Indices GW, RW, RW RW 100% RW
0 0, 0 0, 0
Retting completion (h) 72 (0%), 66 (8.3%) 60 (16.6%) 54 (25%) 72 (0%)
a, b c d a
. 10.87 9.79 8.52 7.92 10.31
0,
Straw weight loss (%) a b . . ab
. 0.439 0.513 0.579 0.654 0.464
Fiber strength (g/den.) q . b . ed
Fiber elongation (%) 1.a5§9 1::@9 1.14)1038 l.3c98 1.5a4l
Whiteness index -111.28 -110.79 -110.28 -109.76 -111.56
cd bc ab a d
. 54.29 52.71 51.72 50.48 55.75
Yellowness index b . . q a

1. GW, Groundwater, 2. RW, Retted water reuse, 3. Duncan’s test: values followed by different letters are significantly different.
4. Acceleration of retting process %= Completion Time - Treatment Completion Time / Control Retting Completion Time X 100 .

from those obtained in the control receiving only
ground water and treatments receiving different
proportions of reused retting water (Table 8). The
treatment receiving 50% of retted water came next
to the 75% treatment. The results indicate that the
microbial consortium existing in the retted water
can play significant role in acceleration of retting
process. This may be due to the presence of
active pectinolytic bacteria in the retting liquor
[19 and 49].

Use of potential pectinolytic bacteria for
acceleration of flax retting and fiber quality

The acceleration of retting process using
specific bacterial strains, proven to have high
pectinase specific activity, was tested in the
laboratory scale cylindrical bioreactor. The
quality of flax fibers obtained after retting
process depends on many factors among which
microbial fermentation play significant role. In
this study the dominant bacterial strains isolated
from commercial retting facilities in Flax Tanta
Company, Egypt, were studied in relation to
performing retting of the straw and the quality
of fibers obtained after retting. Three bacterial
strains were used in this study: Chryseobacterium
culicis, Bacillus humi and Micrococcus luteus.
The combination of pairs of these bacteria in
equal amounts and consortium of the three strains
were included. The change of retting liquor
temperature, pH, microbial load and liquor color
were followed throughout 120 hours. Control
treatment simulating commercial retting condition
Egypt.J.Chem. 62, No. 11 (2019)

with no addition bacterial amendments was used
for comparison. The results are presented in Table
9. Table 9 shows that, the temperature of retting
fluid fluctuated between 18-25°C. All samples
taken in the day hours were slightly higher in
temperature than those taken at evening. The
pH of retting liquor in all treatments including
the control showed gradual decrease from 6.74-
6.92 at zero time to 5.06- 5.33at 120 hours of
inoculation as shown in Table 9. The sharp pH
decrease in first 72 hours in all treatments may
be due to the biodegradation of lignin, waxes
and pectin which result in the formation of
organic acids. The microbial load in the retting
fermentation fluid after the end of the experiment
(120h) showed that the consortium of the three
strains Chryseobacterium culicis, Micrococcus
luteus and Bacillus humi gave microbial load (OD)
0.736 and the pair of strains Chryseobacterium
culicis and Micrococcus luteus gave 0.671.
These treatments were significantly higher than
other treatment. All strains combinations were
significantly higher than the standard retting
process (Table 9). The change of retting liquor
color has increased markedly with time being
the highest in the treatment receiving bacterial
strains consortium Chryseobacterium culicis,
Micrococcus luteus and Bacillus humi, followed
by mixture of strain Chryseobacterium culicis
and strain Micrococcus luteus. This indicates
the release of alcohols and organic acid resulting
from the degradation of lignin, waxes and pectin
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TABLE 9. Change of temperature, pH, microbial load and retting liquor color throughout the retting process using

three bacterial strains isolated from retted water.

Sampling time (hours

Parameters Treatments
0 12 24 36 48 60 72
Control 18% 24k 25 24 25 25 18
1+3 18 24 25 24 25 25 18
Temperature 2+ 3 18 24 25 24 25 25 18
1+2 18 24 25 24 25 25 18
1+2+ 3 18 24 25 24 25 25 18
Control 692 676 649 5.73 5.56 533 6.92
1+3 683 662 628 5.57 5.41 5.19 6.83
pH 2+ 3 687 669 639 5.64 5.48 5.25 6.87
1+2 679 654 6.8 5.49 534 5.12 6.79
1+2+ 3 674 647  6.09 5.41 527 5.06 6.74
Control 0.036 0102 0162 0216 0387  0.555 0.036 ¢
o 1+3 0.108  0.79 0249 0302 0474 0618 0.108 ¢
M‘fggg‘al 2+ 3 0095 016 0228 0278 0453  0.598 0.095d
1+2 0.148 0219 0299 0375 0549 0671 0.148 b
1+2+ 3 0203 0275 0359 0459 0631 0736 02034
Control 0.594  3.546 4407 5382 5627 6289 0.594 ¢
o 1+3 0728 3767 4753 5779 6068  6.678 0.728 ¢
Remfoﬁgiq“or 2+ 3 0.623  3.664 4597 5646 5876  6.521 0.623d
1+2 0.845 4011 5155 6098 6438  6.99 0.845 b
1+2+ 3 0925 4237 5437 6354 6727 7298 09254,

a-e: Duncan’s test: values followed by different letters are significantly different. 1.Chryseobacterium culicis, 2. Micrococcus luteus, 3.

Bacillus humi.
*ambient room temperature at night time.

of flax straw (Table 9).

Effect of using selected bacterial inoculation
retting processing quality of flax fibers after
retting

The acceleration of retting process by using
bacterial strain combinations showed that the
consortium of the three bacterial strains resulted
in early completion of flax retting process (Table
10). The combined treatment using three bacterial
strains: Chryseobacterium culicis, Micrococcus
luteus and Bacillus humi resulted in the reduction
of the retting completion time by 30%, whereas,
the mixed culture of two bacterial strains
Chryseobacterium culicis and Micrococcus luteus
reduced the retting completion time by 25%. The
mixture of Micrococcus luteus and Bacillus humi
also reduced the retting duration by 20%. The
weight loss of the retted water flax straw differed

** ambient room temperature during the day.

from one bacterial combination to another
(Table 10). While, the retting completion under
commercial factory condition was reached at 120
hours, using the bacterial inoculates reduced the
completion time significantly (84-108 hours).
The weight loss of flax straw was measured at the
end of retting completion in inoculant treatment.
The results show that the weight loss was almost
identical in all the treatments regardless the
microbial combination and/or the time of retting
completion. The fiber strength was the highest
in the treatment receiving bacterial mixture of
Chryseobacterium culicis and Micrococcus luteus
being 0.546 g/den (Table 10). The elongation (%),
whiteness index and yellowness index did not
show significant differences among the different
bacterial inoculates used for accelerating retting
process. These results are in harmony with those
obtained by other scientists [14, 47, 50 and 51]
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TABLE 10. Effect of selected bacterial inoculants on flax fiber quality.

Inocula
. .. .. C .culicis +
Indicators CW C. culicis + M. luteus + C. Culicis M Iuteus +
B. humi B. humi +M. luteus . ,
B. humi
0/ \a 0/ \a 0/ \a 0/ \a 0/ \a
Retting completion ()~ '2° go %) 96 (2Co %) 108 ( 11 0%) 96 (2Co %) 84 (3do %)
Weight loss (%) 7.4;00 7.?160 7.4;47 7.(;20 8.(;27
Strength (z/den.) 0.?342 0.158 0.:59 0.5a46 O‘aSt}6
Elongation (%) 0.?179 0.i59 0.170 0.?193 O.ZIIO
Whiteness Index —85a.84 —863.1 1 —873.40 —88a. 16 —81a.91
Yellowness Tndex 492.189 5 1".112 504106 492;08 48".113

a, Acceleration of retting process %= Completion Time - Treatment Completion Time / Control Retting Completion Time X 100
Duncan’s test: values followed by different letters are significant different.

who stated that specific bacterial strains can
enhance retting process.

Conclusion

Acceleration of flax straw retting and
preservation of fiber quality represent important
steps toward the promotion and revitalization of
flax textile industry. In this study, the seventy-five
indigenous bacterial isolates were obtained from
retted water rich in native microbes and enzymes
contributing to the degumming and dewaxing
of flax straw. The results clearly show that the
microbial consortium existing in the retted water
play significant role in acceleration of retting
process, when used as starter in the new retting
cycle. The use of retted water in the proportion
of 25-75% reduced the completion of retting by
8.3-25%. The reuse of retted water in proportion
of 75% induced the highest significant effect on
retting completion time (54 hours). The results
indicate that the obtained specific bacterial strains
enhanced the retting process. The potent bacterial
strains in the pectinase enzyme production were
used as double or triple inocula to accelerate the
flax retting. The acceleration of retting process
using the bacterial consortium ranged between 10
- 30%. In general, the results show that the use
of the three bacterial strains combined was the
best in reducing retting completion time by 30%
and improved fiber quality as measured by fiber
strength, elongation, whiteness and yellowness.
It is evident that the use of pectinase producing

Egypt.J.Chem. 62, No. 11 (2019)

bacteria for flax retting represents an eco-friendly
approach to avoid harsh chemical uses causing
environmental pollution.
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