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Flaxseed cake contains cyanogenic glucosides, which can be metabolized into hydrocyanic acid in an
animal's body, leading to asphyxia poisoning in cells. Beta-glucosidase is highly efficient in degrading
cyanogenic glucosides. The Cattle may have b-glucosidase-producing strains in the intestinal tract
after eating small amounts of flaxseed cake for a long time. This study aimed to isolate of a strain from
cow dung that produces b-glucosidase with high activity and can significantly reduce the amount of
cyanogenic glucosides. We used cow dung as the microflora source and an esculin agar as the selective
medium. After screening with 0.05% esculin and 0.01% ferric citrate, we isolated 5 strains producing
high amounts of b-glucosidase. In vitro flaxseed cake fermentation was fermented by these 5 strains, in
which the strain M-2 exerted the best effect (P < 0.05). The strain M-2 was identified as Lichtheimia
ramosa and used as the fermentation strain to optimize the fermentation parameters by a single factor
analysis and orthogonal experimental design. The optimum condition was as follows: inoculum size
3%, water content 60%, time 144 h, and temperature 32 �C. Under this condition, the removal rate of
cyanogenic glucosides reached 89%, and crude protein increment reached 44%. These results provided
a theoretical basis for the removal of cyanogenic glucosides in flaxseed and the comprehensive uti-
lization of flaxseed cake.

© 2019, Chinese Association of Animal Science and Veterinary Medicine. Production and hosting
by Elsevier B.V. on behalf of KeAi Communications Co., Ltd. This is an open access article under the

CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

Flax is an annual plant roughly divided into fiber flax, oil flax,
and dual-purpose type flax (Gao et al., 2010). The residue obtained
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after pressing flaxseeds is flaxseed cake. It is widely used in food
additives, animal feeds, and crop cultivation, because it is rich in
dietary fiber, essential amino acids, and many other active com-
ponents. However, it's utilization was limited due to the existence
of phytic acid, aminoglycosides, and other anti-nutritional factors,
especially cyanogenic glycosides (Ganorkar and Jain, 2013; Russo
and Reggiani, 2014). It was only added to the ruminant feed in
animal production (Sun, 2010).

Researchers worldwide have made immense efforts to degrade
cyanogenic glycosides using varied methods such as poaching,
squeezing, solvent-based method, and microwave-based method
(Sun and Xu, 2007; Wu et al., 2008; Lan, 2012). However, these
methods have certain limitations such as high cost or having
chemical residue. As a result, these methods have not been used in
industrial production. Studies indicate that the b-glucosidase has a
uction and hosting by Elsevier B.V. on behalf of KeAi Communications Co., Ltd. This
censes/by-nc-nd/4.0/).
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notable degrading effect on cyanogenic glycosides. Hence, re-
searchers used natural b-glucosidase-producing strains for specific
degradation of cyanogenic glycosides, and the results were signif-
icant (Ivanov et al., 2012; Feng et al., 2003). Moreover, this method
had the advantages of simplicity, mild reaction conditions, and low
cost. The fermentation detoxification method has been successfully
used for detoxification in edible plants (Russo and Reggiani, 2014;
Vasconcellos et al., 2009). Previous researchers screened a num-
ber of bacteria capable of degrading gossypol in cottonseed meal
and were able to meet feed quality standards after fermentation
(Zhu et al., 2010).

The untreated flaxseed cake can be used as a feed supplement in
the ruminant (cattle) diets without any adverse reactions. There-
fore, it is inferred that cattle may have b-glucosidase-producing
strains in the digest tract after they eat small amounts of flaxseed
cake for a long time. Moreover, b-glucosidase can degrade esculin
into escin, which gives a black color when treated with Fe3þ and
can be used for screening (P�erez et al., 2011; Hyunsu et al., 2017).
This study used cow dung as the microflora source and an esculin
medium as the selective medium for b-glucosidase-producing
strains. After separation, the cultured strains underwent molecular
biological identification. The activity of b-glucosidase was deter-
mined by the para-niteophenyl b-D-glucoside (p-NPG) method,
and the strain with the best effect was identified using an orthog-
onal experimental design.

2. Materials and methods

2.1. Screening of b-glucosidase-producing stains

For primary screening, samples were collected from the Gaolan
dairy farm (36�510N, 104�140E; Lanzhou, Gansu Province, China),
August, 2014. Cow dung was collected from cows not fed flaxseed
cake and cows had been fed long-term flaxseed cake from the
ground. Collected cow dung was stored at 4 �C for 1 d. Then, 5 g of
the samples was ten-fold serially diluted to 1/1,000 and plated on
the LuriaeBertani (LB)-esculin medium (1% peptone, 0.5% yeast
extract, 1% NaCl, 1.5% agar, 0.05% esculin, and 0.01% ferric citrate)
and potato dextrose agar (PDA)-esculin medium (2% glucose, 2%
agar, 0.05% esculin, and 0.01% ferric citrate) (Cho et al., 2005; Qin
et al., 2011; Nielsen and Sørensen, 1997). The LB-esculin medium
cultures were incubated at 37 �C for 24 h. The PDA-esculin medium
cultures were incubated at 28 �C for 48 h. Single colonies with black
halos were picked and streaked onto an LB or a PDA slant (Liang
et al., 2014).

2.2. Strain identification

The isolated bacteria were incubated in the LB liquid medium at
37 �C and 180 r/min for 24 h and observed under a microscope
according to the classical Gram staining (Shrivastava, 2011). The
isolated bacteria were identified by a series of physiological and
biochemical tests according to the common bacterial system
identification manual (Dong and Cai, 2001), including Voges-
Proskauer test, fermentation of carbohydrates and alcohol, indole
test, urease test, L-tyrosine hydrolysis test, sodium malonic acid
hydrolysis test, and so on. After purification of fungi, the samples
were incubated on the PDA medium for 72 h, and the characteris-
tics of mycelia and spore were observed under the microscope
according to the insert method (Archana et al., 2012). Molecular
identification was performed by a ribosomal DNA (rDNA) internal
spacer (16S rDNA or internal transcribed spacer [ITS]) region
sequencing using 16S rDNA universal primers: Pf2, 50-AGAGTTTG
ATCATGGCTCAG-3'; Pr2, 50-GGTTACCTTGTTACGACTT-3' (Polz and
Cavanaugh, 1998); ITS universal primers: ITS1, 50-
TCCGTAGGTGAACCTGCGG-3'; ITS4, 50-TCCTCCGCTTATTGATATGC-
3'. The 16S rDNA or ITS was amplified from genomic DNA, purified,
sequenced, and analyzed using the Basic Local Alignment Search
Tool (BLAST) program from National Center for Biotechnology In-
formation. The polymerase chain reaction procedures were per-
formed as description by Tao et al. (2004). The phylogenetic tree
was generated using the Neighbor-Joining Algorithm in the
MEGA7.0 software. Then the physiological and biochemical char-
acteristics of these strains were analyzed and compared with those
of the respective model strains to further determine the kinds of
bacterial species (Sun et al., 2011; Stock and Wiedemann, 1998;
Brenner et al., 1978).
2.3. Beta-glucosidase enzyme activity assay

First, the standard curve of para-nitrophenol (pNP) was plotted.
The pNP solution (1.0, 2.0, 3.0, 4.0, 5.0, and 6.0 mmol/L) was pre-
pared using acetic acid-sodium acetate buffer (pH 5.0, 0.2 mol/L).
The mixture containing 0.1 mL of pNP solution and 0.9 mL of acetic
acid-sodium acetate buffer (pH 5.0, 0.2 mol/L) was incubated at
45 �C for 30 min in a water bath. Then, 2 mL of sodium carbonate
solution (0.5 mol/L) and 9 mL of distilled water were added. The
different concentrations of pNP were reflected by changes in the
absorbance at 400 nm.

The isolated cultures were incubated at 37 �C (bacteria) or 28 �C
(fungi) and 180 r/min for 72 h. The crude enzyme extract was ob-
tained by centrifuging the liquid mixture at 1,000� g and 4 �C for
15 min, and the supernatant was collected. The mixture containing
0.1 mL of crude enzyme, 0.2 mL of p-NPG solution (5 mmol/L), and
0.7 mL of acetic acidesodium acetate buffer (pH 5.0, 0.2 mol/L) was
incubated at 45 �C for 30 min in a water bath. The reaction was
stopped by adding 2 mL of sodium carbonate solution (0.5 mol/L)
and 9 mL of distilled water to the mixture, boiling it for 3 min, and
cooling in an ice bath. The pNP concentration was reflected by
changes in the absorbance at 400 nm.

One unit of b-glucosidase enzyme activity was determined as
the amount of enzyme needed to produce 1 mmol pNP per min
using p-NPG as the substrate.
2.4. Screening of the fermentation strain

We weighed 8 g of flaxseed cake into a flask UV sterilization for
1 h fermentation. The initial aerobic fermentation condition was as
follows: water content 60%, inoculum concentration 5% (wt/wt),
time 6 d, and temperature 37 �C (bacteria) or 28 �C (fungi). The
flaxseed cake was fermented and detoxified with the selected
strains. After fermentation, the amount of residual cyanogenic
glycosides was determined by silver nitrate titration (Ivanov et al.,
2012). The cyanogenic glycoside removing effects of each strain
were compared, and one fungus with the highest removal rate of
cyanogenic glycosides was selected as the fermentation strain.
Then, the optimum growth temperature and pH of this fungus was
further explored. The dry weight method was used to measure the
biomass content (Xu, 2005). The procedures were as follows: 1) the
spore suspension (1 � 105/mL, 3 mL) was added to an Erlenmeyer
flask containing 47 mL of PDA liquid medium. The mixture was
incubated at different temperatures and different pH at 180 r/min
for 48 h; 2) the biomass was obtained by centrifuging the cultures
at 4,000� g and 4 �C for 15 min; 3) the sediment was collected,
rinsed with distilled water, and centrifuged at 4,000 � g and 4 �C
for 15 min, and the supernatant was discarded. This procedure was
repeated 3 times. The final sediments were dried in an oven at 80 �C
and weighed twice during the drying until there was no difference
between 2 times of weighing, and the weight was recorded. The
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temperature gradient was set to 22, 24, 26, 28, 30, 32, and 34 �C,
and the pH gradient was set to 4, 5, 6, 7, 8, and 9.

2.5. Optimization of fermentation detoxification conditions

The fermentation time, temperature, water content, and inoc-
ulation quantity are considered as the key influencing factors in the
microbial fermentation of flaxseed cake (Wang, 2007). These 4
factors were selected to determine the optimum process condi-
tions, and the crude protein increment evaluation was used as the
index while studying the fermentation process by a single factor
analysis and an orthogonal experimental design, which was shown
in Table 1 (Yin et al., 2011; Zhou, 2002). Crude protein content was
determined by the direct distillation (Wang, 2008).

3. Results

3.1. Screening of b-glucosidase-producing strains and
morphological observation

Five strains with larger ratio of black halo diameter to colony
diameter (H/C) were isolated after screening using LB-esculin me-
dium and PDA-esculin medium plates. Three strains, named X-1, X-
3, X-6, were of bacteria, and 2 strains, named M-1, M-2, were of
fungi. The screening results and the morphological characteristics
of these strains are shown in Fig. 1: Strain X-1: the bacterium was
bacilliformwith negative coloring; the surface colonies on medium
were circular in shape, creamy-white, moist, and uplifted; and the
edge was smooth. Strain X-3: the bacterium was bacilliform with
negative coloring, no spores, and no flagellum; the surface colonies
on medium were circular in shape, creamy-white, moist, and
uplifted; and the edge was smooth. Strain X-6: the strain was Gram
negative and bacilliform with no spores or capsule; the edge was
smooth; and the colony was thin, translucent, and white in the
center. Strain M-1: the colony was round, white, and flat and with a
white point in the center; and the hyphae were fluffy; the hyphae
were fissiparous, and the spores were single or agminated under
the microscope. Strain M-2: the colony was round and white with
irregular edges; the hyphae were fluffy, and a black formation was
found on the top of the hyphae; spore cysts were colorless or black,
and mostly spherical.

3.2. Identification of microbes

The DNA sequence analysis showed that the nucleotide
sequence of X-1 had a 99% similarity with the reported sequence of
Citrobacter, the nucleotide sequence of X-3 had a 99% similarity
with the reported sequence of Providencia, the nucleotide sequence
of X-6 had a 99% similarity with the reported sequence of Proteus,
the nucleotide sequence of M-1 had a 99% similarity with the re-
ported sequence of Geotrichum candidum, and the nucleotide
sequence of M-2 had a 99% similarity with the reported sequence of
Lichtheimia ramosa. All E-values of BLAST were 0.0. The phyloge-
netic tree was constructed using the Neighbor-Joining Algorithm of
the MEGA7.0 software, and the results are shown in Figs. 2e4.
Combined with morphological observation, it was concluded that
Table 1
Factors and levels in orthogonal array design.

Levels Temperature
(A), �C

Time (B),
d

Water content
(C), %

Inoculum concentration
(D), %

1 24 6 50 1
2 28 7 60 3
3 32 8 70 5
X-1 was Citrobacter, X-3 was Providencia, X-6 was Proteus, M-1 was
G. candidum, and M-2 was L. ramosa. Since the aforementioned 3
bacterial genera contained different taxa, the physiological and
biochemical characteristics of these 3 strains were analyzed. The
results are shown in Table 2. The analysis of the results showed that
X-1 was Citrobacter freundii, X-3 was Providencia rettgeri, and X-6
was Proteus vulgaris.

3.3. Comparison of enzyme activities of isolated strains

The experimental results indicated that the enzyme activity of
b-glucosidase in strain M-1 was 3.54 U/mL which was the highest
among all strains, followed by 3.19 U/mL of strain M-2. The enzyme
activities of X-1, X-3 and X-6 were 2.45, 2.42 and 2.51 U/mL
respectively. Overall, the enzyme production capacity of fungi was
higher than that of bacteria (Table 3).

3.4. Screening of the fermentation strain

The analysis showed that the degradation rates of X-1, X-3 and
X-6 for cyanogenic glycosides were almost the same as that of the
control group. The cyanogenic glycoside removal rates of X-1, X-3
and X-6 were 76.668%, 75.832% and 75.687%. And, the cyanogenic
glucoside removal rates of M-1 and M-2 were 81.674% and 87.783%,
respectively. Virus-free rates were significantly improved
compared with that of the control group (Fig. 5). It showed that the
optimum growth condition of M-2 is pH 7 and 30 �C (Fig. 6).

3.5. Optimization of fermentation conditions

The result of exploring the fermentation condition showed that
the optimal condition for achieving the highest increase in the
crude protein content after fermentation was as follows: temper-
ature 32 �C, time 7 d, water content 60%, and inoculation amount
3%. The levels of orthogonal experimental variables were deter-
mined according to the aforementioned single factor experimental
results. The 4 factors and 3 levels of orthogonal design are shown in
Table 1. The results and range analysis are shown in Table 4. The
analysis showed that the optimum fermentation condition was
temperature 32 �C, time 144 h, water content 60%, and inoculation
amount 3%. The primary and secondary order of single factors that
affected the crude protein increment were inoculation amount,
water content, temperature, and time (Fig. 7).

4. Discussion

Ruminants have a relatively stable microbial ecological balance
system and contain rich microbial flora. Zhu et al. (2010) has shown
that ruminants formed a tolerance mechanism to cyanogenic gly-
cosides during long-term evolution. In addition, the content of
rhodanese in ruminants was significantly higher than that in
monogastric animals (Zhao and Wang, 2008). Our findings are
consistent with the above studies. In this study, all of the highly
productive b-glucosidase strains were isolated from the dung of
cows fed flaxseed cake for a long time. This shows that b-glucosi-
dase-producing strains in the intestine of these cows have a higher
level of content than that of cows not fed flaxseed cake.

The same result was also found during in vitro fermentation.
Before this study, we used dung from cows fed flaxseed cake to
ferment flaxseed cake, and found that the removal rate of cyano-
genic glycosides of cows fed long-term ferment flaxseed cake was
higher than those not fed flaxseed cake. This also confirmed the
above point that the intestinal microflora of cows are subjected to
long-term domestication of flaxseed cake. In other words, it is likely
that b-glucosidase producing strains are present in the gut.



Fig. 1. Screening results and morphology of isolated strains. (A1) Strain X-1 grown on a primary screening medium plate. (A2) Cell morphology of strain X-1 (100�). (B1) Strain X-3
grown on a primary screening medium plate. (B2) Cell morphology of strain X-3 (100�). (C1) Strain X-6 grown on a primary screening medium plate. (C2) Cell morphology of strain
X-6 (100�). (D1) Strain M-1 grown on a primary esculin screening medium plate. (D2) Mycelium and sporangium characteristics of M-1 (100�). (E1) Strain M-2 grown on a primary
esculin screening medium plate. (E2) Mycelium and sporangium characteristics of M-2 (10�).
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However, this study did not perform genomic analysis of the gut
microbes of cows, so this conclusion needs further verification.

Based on these conjectures, we aimed to ferment flaxseed cake
in vitro. In fact, we isolated 5 high yield strains of bacteria and fungi
that produce b-glucosidase, and successfully screened the strain M-
2 with a good fermentation performance. During the screening of
fermentation strains, we found that the fermentation effects of M-1
and M-2 are better. It is very likely that bacteria have no advantage
in solid fermentation systems. In addition, bacterial metabolism
and reproduction require a more stringent nutritional ingredient
ratio, and the composition of flaxseed cake is more complex and
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Fig. 2. The phylogenetic tree of strains X-1, X-3 and X-6. It was constructed by the Neighbo
may not meet the growth requirements of bacteria (Zhai and Yang,
2014). Although X-1, X-3 and X-6 are capable of producing b-
glucosidase, they cannot grow in large numbers and thus result in a
low removal rate of cyanogenic glucosides. Cyanogenic glycosides
are soluble in water. Therefore, even if the degrading bacteria are
not added, about 70% of cyanogenic glycoside removal occurs after
water invasion treatment for 6 d. Therefore, we also observed a
decrease in cyanogenic glycosides in the control group.

Crude protein is one of the main nutritional indicators in feed
nutrients, and it is also one of the important indicators for evalu-
ating the nutritional value of feed. It is a general term for
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Fig. 3. The phylogenetic tree of strain M-1. It was constructed by the Neighbor-Joining
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Table 2
Results of physiological and biochemical tests of the isolated bacteria and fungi.

Item X-1 Citrobacter freundii X

Voges-Proskauer test e e

Indole test e e þ
H2S test þ þ
Malonic acid test e e

D-adonitol test e e

Urease test þ
Inositol test þ
Adonitol test þ
Arab alcohol þ
L-rhamnose test e

Heptoside test
Maltose test
Salicin test
Xylose test

þ: positivity; �: negativity.

Table 3
Beta-glucosidase production by different strains1.

Species b-glucosidase enzyme activity, U/mL Relative enzyme activity, %

X-1 2.45a 69.2
X-3 2.42a 68.6
X-6 2.51a 70.9
M-1 3.55ab 100.0
M-2 3.19b 90.1

a, b Values with different letters along the column indicate significant difference
(P < 0.05).

1 The production was at 72 h of incubation and 37 �C (for strains X-1, X-3 and X6
of bacteria) or 28 �C (for striains M-1 and M2 of fungi).
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nitrogenous substances in feed, including pure protein and amides
such as amino acids and urea. Therefore, the measurement of crude
protein in feed occupies a very important position in the detection
of feed (Fan, 2014). Based on this, we used the content of crude
protein as a screening standard and M-2 as a fermentation strain to
explore the optimal fermentation conditions. This means that
flaxseed cake fermented by M-2 not only reduced the content of
a ramosa strain CNRMA/F 03-62
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ng method. The scale bar represents 0.002 nucleotide substitution per position.
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Fig. 5. Virus -free percent of all strains. Results are the average of 3 replicates, and the
bars indicate the standard error of 3 replicates. a, d, c Values with different letters
indicate significant difference (P < 0.05).

Table 4
Orthogonal experiment design and analysis results1.

Groups Levels Crude protein
increment, %

A, �C B, d C, % D, %

1 1 1 1 1 13.5
2 1 2 2 2 43.4
3 1 3 3 3 26.7
4 2 1 2 3 28.7
5 2 2 3 1 18.4
6 2 3 1 2 27.9
7 3 1 3 2 43.7
8 3 2 1 3 20.9
9 3 3 2 1 28.2
K1 83.6 85.9 62.4 60.1
K2 75.1 82.7 100.3 114.9
K3 92.8 82.8 88.8 76.4
k1 27.9 28.6 20.8 20.0
k2 25.1 27.6 33.4 38.3
k3 30.9 27.6 29.6 25.5
R 5.92 1.06 12.6 18.3

A, temperature; B, time; C, water content; D, inoculum concentration; Ki, the sum of
i in the current column, ki, the average of i in the current column. R, the difference
between the maximum and minimum average values in the current column.

1 According to the K value, the optimum conditions were A3B1C2D2. According to
the R value, the primary and secondary order of single factors that affected the crude
protein increment was D > C > A > B.
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cyanogenic glycosides, but also increased its crude protein content.
Drymatter loss occurs during the fermentation process, but there is
no significant change before and after, while the increase in crude
protein is significant. This shows that the increase in crude protein
content may be due to that nitrogen-fixing bacteria play a major
role in the fermentation process.

It has been reported that microbial fermentation of agricultural
by-products containing toxic components has been progressing
with the application of microorganisms, and the fermentation
products can reach the standard of fodder (Vasconcellos et al.,
2009). There are also reports that significant effects have been
achieved by modern genetic engineering to explain the toxic
components of agricultural products or agricultural by-products
(Zhu et al., 2010; Wu, 2012). In comparison with the previous
research achievements (Feng et al., 2003; Yamashita et al., 2007;
Wu et al., 2012), the detoxification effect is even more pro-
nounced, because our fermenting strains came from cattle fed the
untreated flaxseed cake for 2 years. Since the microorganisms
themselves are derived from the animal body, this ensures the
safety of the non-toxic or low-toxicity feed obtained by the
fermentation of this strain.

We screened strains with significant detoxification effect and
high crude protein yield and explored the fermentation conditions.
Fig. 6. Effect of pH (A) and temperature (B) on the
However, flaxseed cake contains more fat and crude fiber sub-
stances in addition to proteinaceous substances. Fat is a beneficial
ingredient whereas crude fiber is an anti-nutritional ingredient for
animal body. Whether or not the fat component is metabolized
during the fermentation of the flaxseed cake with the microor-
ganism, and how to use the microorganisms to degrade the crude
fiber therein has become a problem to be considered. In addition,
based on the high safety requirements of the feed industry, animal
models are still used to evaluate safety before large-scale fermen-
tation is explored using the methods utilized in this study.
5. Conclusion

This study isolated 5 b-glucosidase-producing strains from cow
dung. The 5 strains were identified: X-1, C. freundii; X-3, P. rettgeri;
X-6, P. vulgaris; M-1, G. candidum; andM-2, L. ramosa. Fermentation
detoxification results showed that the strain M-2 had the best ef-
fect, and the optimum condition was inoculum size 3%, water
content 60%, time 144 h, and temperature 32 �C. Under these
condition, the removal rate of cyanogenic glucosides reached 89%,
cell growth of stain M-2 at 180 r/min for 48 h.



Fig. 7. Influence of fermentation parameters on crude protein increment by strain M-2. (A) influence of cultivation temperature, (B) influence of cultivation time (C) influence of
initial substrate water content, (D) influence of initial inoculum concentration. Results are the average of 3 replicates, and the bars indicate the standard error of 3 replicates.
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and crude protein increment reached 44%. This study provided a
theoretical basis for removing cyanogenic glycosides and compre-
hensively utilizing flaxseed cake.
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