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ABSTRACT

External digestive exo-enzymes are enzymes used in simplifying animal food components and are now considered one
of the most important top issues in the veterinary world. Introducing these exo-enzymes is believed to enhance
increase in animals' body weights and help in reaching the maximum levels of digestion and absorption. The current
research aimed to evaluate the safe use of the exo-enzyme -mannanase extracted from the mutant fungal pathogen
Penicillium citrinum Egy5 LC368457 before applying its use in animal feed. This was achieved by injecting daily
different doses of the enzyme intraperitoneally to female rats and observing the change in body weights in addition to
the determination of some hematological and biochemical parameters and the performance of histopathological
examinations in rats' organs. The results showed significant retardation in body weight gain and significant changes in
platelets and some immune cells count for different enzyme injected doses. An observed increase in serum ALT
enzyme level was found in the high dose injected group compared to the control group. Histopathological
examinations displayed the harmful impact of the high and the low doses of the injected enzyme on most of the body
organs especially the liver, the kidneys, and the brain. Consequently, it can be concluded that using safe and non-
pathogenic microorganisms in the extraction of exo-enzyme such as f-mannanase is an important aspect. Extraction of
B-mannanase from the mutant Penicillium citrinum Egy5 LC368457 cannot be used for animal consumption but can

be used for industrial purposes.
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INTRODUCTION

Exo-enzymes are external natural enzymes that
express high efficacy in animal feed conversion. This fact
allows the farmers to use them as additives for animal diet
so animals can benefit from most of the constituents of the
diet (Daskiran et al. 2004; Sujani and Seresinhe 2015).
Exo- enzymes are divided into many types according to
their substrates and the bonds they break. Nowadays,
many types of exo-enzymes are known such as
fibrinolytic, proteolytic and amylolytic enzymes (Roque et
al. 2017).

Recently, B-mannanases, which are considered as an
example of fibrinolytic exo-enzymes, have been purified
and extracted from various organisms such as bacteria,
fungi, and plants for applying on animal feed conversion

and for industrial uses (Chandra et al. 2011; Lv et al.
2013; Jana et al. 2018). These B-mannanases exo-enzymes
express an influence on the bonds of carbohydrates and
starch found in the animal diet. The enzyme cleaves the -
1,4- mannosidic linkages in mannans, galactomannans,
glucomannans and galactoglucomannans and hydrolyzes
mannan Yielding mannotriose and mannobiose (Dawood
and Ma 2020; Khattab et al. 2020).

B-mannanase showed good results when added to
ruminant and non-ruminant diets due to its pH wide range
tolerance and its resisting ability against temperature and
gastric digestive enzymes in the animal 's stomach (Cai et
al. 2011; Yang et al. 2015). It was found that -mannanase
exo-enzymes protect the animals from the harms resulted
from the undigested 3-mannans as they form high viscosity
during animal feeding (Chauhan et al. 2012). This problem
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can exist also in case of non-ruminant species such as swine
and poultry (Rainbird et al.1984; Jackson et al.1999;
Saenphoom et al. 2013). This viscosity leads to digestion
and absorption depression in the gut in addition to
diminishing the activity of the pancreatic enzymes in the
intestine.

B-mannans also initiate an over stimulation of the
immune responses in the intestinal mucosal cells and the
probability of increasing different immune cells type in
the animal's blood (Isaksson et al. 1982; Ikegami et al.
1990; Jackson et al. 2004; Alagawany and Attia 2015;
Alagawany et al. 2017). Accordingly, the production of B-
mannanase exo-enzyme is of a great importance for
animal feed and health.

The production of the enzyme is preferred from fugal
strains for their higher yields and higher enzymatic
activity. Penicillium species represent one of the
candidate fungi that are used as a source of microbial -
mannanase (Blibech et al. 2011; Wang et al. 2012; Khan
et al. 2017). A new research was performed for the
extraction of [(-mannanase exo-enzyme from the
pathogenic fungal strain Penicillium citrinum Egy5
LC368457. In this research the fungal strain spores were
subjected to gamma rays for a maximum yield and
stability of the exo-enzyme (Abosereh et al. 2019; Khattab
et al. 2020). This newly extracted f-mannanase enzyme
was evaluated in the current study for testing its safe and
direct use to animals. So, the aim of this study is to
identify the real effect of the enzyme extracted from the
mutant pathogen; Penicillium citrinum Egy5 LC368457
on the animal's general body health before applying it as
an additive for animal diet. This can be achieved by
introducing the enzyme intraperitoneally with different
doses to female rats for a period of a month and observing
and determining the change in body weight, blood cell
count, serum biochemical parameters and performing
histological examinations in the various body organs.

MATERIALS AND METHODS

Chemicals and Kits

All chemicals used in the experiments were of
analytical grade. Kits preformed for the quantitative
determination of different parameters were purchased
from Greiner Diagnostic Gmbh-Germany and Bio-
Diagnostic Company, Egypt.

Animals

Healthy female albino Wistar rats of 100-130g body
weight (bwt) were obtained from animal house of the
National Research Center, Giza, Egypt. Animals were
maintained under standard environmental conditions, i.e.,
ambient temperature of (25+2°C), at 45-55% relative
humidity, 12h light/dark cycle and were fed a standard
pellet diet and water ad-libitum. The experiment was
performed under the ethical approval of the medical
ethical committee of the National Research Centre for the
year 2020- 2021.

Fungal Isolate and Enzyme Preparation

The fungal strain Penicillium citrinum Egy5
LC368457 was obtained from the Pharoesmomes of
Ancient Egyptian Musium, Cairo, Egypt. The culture was
maintained on potato dextrose agar and incubated at 30°C
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for 7 days before storage at 4°C with monthly sub-
culturing. Mutagenesis to the spore suspension of
Penicillium citrinum was carried out using gamma rays
produced from Cobalt-60 (Co60) as a source of gamma
radiation (by Egyptian Atomic Energy Authority). The
enzyme was produced according to the previously
described method showed by Abosereh et al. (2019). The
prepared medium consisted of (g/l):KH.PO4, 8.5;
Nitrogen complex (peptone+ammoniumsulfate+Urea),
1.8% and coffee waste (10g/flask). The pH of the medium
was adjusted at 5 before autoclaving.

Freshly prepared culture of the mutant Penicillium
citrinum B-mannanase was performed. Each 250ml
Erlenmeyer flask contained 50ml of the medium and was
autoclaved forl6min at 121°C. An inoculum culture was
obtained by culturing the mutant fungal strain in the above
medium at 30°C for 48h with shaking at 120rpm. The
culture flasks were inoculated by 8% of the inoculums and
incubated at 30°C in a shaking incubator at 120rpm for
12days. After the end of the fermentation, the culture was
centrifuged, and the supernatant was used as the source of
the enzyme.

p-Mannanase Assay

An assay was performed by incubating 0.5ml of
appropriately diluted culture filtrate with 1 ml of 1% (w/v)
locust bean gum in sodium citrate buffer (50mM) at pH
5.5 for 10min at 50°C (Hashem et al. 2001). The reducing
sugars produced were determined using the Nelson-
Somogyi technique (Smogyi et al. 1952). One unit of
enzyme activity was defined as the amount of enzyme that
released Immol of mannose/ml/min.

Protein Determination and Partial Purification of the
Mutant Penicillium citrinum p-mannanase

The protein contents were determined according to
Lowry et al. (1951) with bovine serum albumin as a
standard. All the partial purification steps were carried out
at 4°C. The crude enzyme solution of mutant Penicillium
citrinum(100ml) was partially-purified by fractional
precipitations with ammonium sulfate (60-70%, wi/v).
The precipitated protein was obtained by centrifugation
(5000rpm for twenty minutes) and was re-suspended in a
minimum volume of distilled H,O. The fraction of
ammonium sulfate was dialyzed. The enzyme activity and
the protein content were determined.

Experimental Design
Acute Toxicity Studies

Healthy female Wister rats (n=12) ranging about 80g
bwt were divided into four groups (3 rats per each);
representing one control group and three treatment
groups. Each treated group was injected intraperitoneally
with different single dose of f-mannanase enzyme; 80, 40
and 20Units/rat. All the rats were observed for two weeks
(Sathya et al. 2012). The general observations were
recorded daily for body weights as well as behavioral
responses. They were continuously observed for
spontaneous activity, irritability, corneal reflex, urination,
and salivation. Any mortality during the experimental
period of 14days was also recorded. At the end of the two
weeks, the rats were sacrificed, and blood samples were
collected for serum preparation and some biochemical
parameters were detected.
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Studies on Repeated Daily Doses

Another 25 healthy female Wistar rats ranging about
130g bwt were divided into three groups. Two groups
represented the treated groups and were injected with 1/10
(8Uints) of the highest dose (80Units) and one tenth
(2Units) of the lowest dose (20Units) that were used in the
acute toxicity studies (Baliga et al. 2004).

In groups 1 and 2, 10 rats in each group were
intraperitoneally injected with 8 and 2Units of pB-
mannanase enzyme/rat daily for a month, respectively. In
group 3, five rats represented the negative control group.
During the duration of the experiment, the body weights
were recorded every week. At the end of treatment period,
rats were sacrificed by decapitation and blood samples
were drawn from the animals via puncturing the retro-
orbital venous plexus with a thin sterilized capillary tube.
Blood specimens were centrifuged at 4000rpm for 10min
for serum preparation and was stored at -20°C for
biochemical analysis. Body organs were immediately
removed and fixed in 10% neutral formalin solution for
histological ~ examination. ~ Blood  samples  for
hematological analyses were collected in tubes containing
ethylene diamine tetra acetic acid (EDTA). Red blood cell
count, hemoglobin, platelet count and white blood cell
count were determined using a multi-item automated
hematology analyzer Medonic, Stockholm, Sweden.

Biochemical Analysis
Determination of Serum Parameters

All kits used in this study were purchased from
Biodiagnostic Company, Egypt and Greiner Diagnostic
GmbH, Germany. Glucose  was  determined
calorimetrically (kit no.GL1320 Egypt) according to
Trinder (1969). Total cholesterol and triglycerides were
estimated as a quantitative enzymatic, colorimetric
determination (Kits no.118 001, Germany) in serum
according to Rifai et al. (1998). ALT was determined
calorimetrically (kit no. AT 1034, Egypt) according to
Reitman and Frankel (1957). Total protein, creatinine and
urea were determined calorimetrically in serum according
to Gornall et al. (1949), Bartels et al. (1972) and Fawcett
and Soctt (1960) respectively (Kits no. TP2020, Egypt;
CR 1251 Egypt, 147402, Germany).

Histological Examinations

Organs obtained from rats were fixed in 10%
formalin and were prepared for sectioning and staining
with hematoxylin and eosin as described by Afifi (1986).
Light microscope was used in observing the stained
sections.

Statistical Analysis

Data were analyzed by with SPSS (Statistical
Package for the Social Sciences) version 7.5 software. All
values were expressed as the mean+SD. Significant
differences between the groups were statistically analyzed
by one way analysis of variance (ANOVA). A statistical
difference of P<0.05 was considered significant.

RESULTS

Enzyme Production
The results at the end of fermentation showed that the
mutant Penicillium citrinum could produce 3511U/ml with
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specific activity 21.57U/mg protein for each ml. The
fraction obtained with 70% ammonium sulfate gave
172.441U/mg protein, which reached about 7.99 fold
purification.

Acute Toxicity Studies

Table 1 showed the effect of injected different single
doses of B-mannanase enzyme on body weight and some
serum parameters in female rats. The table cleared that
after 2weeks from the intraperitoneal injection of single
different doses (80, 40 and 20Units) of the -mannanase
enzyme, no mortality or any toxicity signs appeared
during the study. The data showed that the group injected
with 80Units of the enzyme displayed significant changes
in some of the detected parameters (glucose and
cholesterol) compared to the control group. Significant
increase in body weight was also observed. This group
also showed non-significant decreasing levels of
triglycerides and normal levels of ALT and creatinine.

The groups injected with 40 and 20Units of the
enzyme expressed non-significant results in all the
detected serum parameters compared to the control group
except only significant decrease in glucose level was
detected in case of rats injected with 40Units of the
enzyme. Non-significant changes in body weight were
found in both groups (Table 1).

Studies on Repeated Daily Doses

Table 2 displayed the change in body weights after
one month from the intraperitoneal injection of 8 and
2Units of B-mannanase enzyme to rats. There was a
similar increase in body weights in both groups. Though
this increase was significantly retarded by the action of
the enzyme when compared to the increasing rate of the
control group. This retardation rate was represented by a
percent change equal —16% in weight.

Table 3 cleared the effect of the daily injection of
different doses of B- mannanase enzyme on blood cell
count and general blood picture. Normal red blood cells
count, and hemoglobin content were found in both groups
(8 and 2Units) compared to the control group. There were
slightly significant changes in blood picture in case of the
two injected groups (8 and 2Units) compared to the
control group. These changes can be observed in the
platelets count and some kinds of the white blood cells
such as granulocytes and MID cells which represent rare
cells correlating to monocytes, eosinophils, basophils,
blasts and other precursor white cells.

Determining the effect of daily injection of different
doses of p-mannanase enzyme on some serum
biochemical parameters was shown in Table 4. Slightly
significant changes in most of the serum biochemical
parameters were observed due to injection with 8Units
compared to the control group. Though these changes can
be considered within the normal ranges (as found in
glucose, cholesterol and total protein levels). High
significant increase was observed in ALT enzyme levels
which reflected the disruption of hepatocytes and
expressed the toxicity of the 8Units injected dose. Also,
there was a non-significant increase in the triglycerides
level which may represent another risk factor on the
animal general health on the short run. Normal urea and
creatinine levels were recorded in the group injected with
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Table 1: Effect of injected different single doses of B-mannanase enzyme on body weight and some serum parameters in female rats

Parameters Units Doses (Units/Rat)
80 40 20 Control
Initial average weight G 82.22+10.92 82.22+10.92 82.22+10.92 82.22 £10.92
Final average weight G 140+0.01* 132+2.51 130+9.01 123+15.27
Glucose mg/dL 52.37+4.76* 51.15+1.15* 59.5+0.01 62.69+7.27
Cholesterol mg/dL 76.79+3.70* 70.63+0.40 60.45+2.11 64.6+6.80
Triglycerides mg/dL 44.35+7.72 49.37+1.76 59.7+£20.88 69.83+23.80
Alanine aminotransferase (ALT) U/L 11.84+0.015 12.90+1.58 11.63+0.99 11.45+1.27
Creatinine mg/dL 0.66+0.09 0.70+0.06 0.66+0.13 0.9+0.14
Data represented as mean=SD. Asterisks indicate significant (P<0.05) difference compared to control group in a row.
Table 2: Effect of daily injected different doses of B-mannanase enzyme on body weight of female rats
Parameters Units Doses (Units/Rat)
8 2 Control
Initial average weight g 130.20+11.17 126.00+11.97 133.60+5.76
Final average weight g 152.00+8.74 * 152.10+10.91* 181.20+6.83
% Change compared to control group. % -16.11 -16.05 e
% Change compared to corresponding initial weight % +14.34 +17.15 +26.26

Data represented as mean+SD. Asterisks indicate significant (P<0.05) difference compared to control group in a row.

Table 3: Effect of the daily injected different doses of f-mannanase enzyme on blood cell count and general blood picture.

Parameters Units Doses (Units/Rat)
8 2 Control

RBCs x10 2 cells/L 6.10+0.33 6.07+0.47 6.11+0.21
HB g/dl 11.46+0.30 10.93+0.85 11.45+0.95
Platelets x10° cells/L 571.0+£16.52* 523.66+37.54 484.0+81.00
WBCs x 10 ° cells/L 8.63+2.33 8.53+1.60 9.90+1.20
Lymphocytes % 65.16+3.93 67.33+2.10 61.55+2.95
Granulocytes % 23.20+1.34* 15.93+0.60* 30.70£2.50
MID % 12.36+3.68* 14.20+£0.70* 7.75%0.45

Data represented as mean+SD. Asterisks indicate significant (P<0.05) difference compared to control group in a row.

Table 4: Effect of daily injected different doses of B-mannanase enzyme on some serum biochemical parameters.

Parameters Units Doses (Units/Rat)

8 2 Control
Glucose mg/dL 11945.03 * 10047.30 107+2.0
Cholesterol mg/dL 56.75+4.57* 63.50+2.88* 77.00£10.16
Triglycerides mg/dL 101.50+30.31 93.45+58.54 85.42+18.89
Total protein content g/dL 7.11+0.46* 8.53+0.19 7.97+0.68
Alanine aminotrasferase (ALT) U/L 56.02+7.26* 49.15+4.23 47.55+3.82
Creatinine mg/dL 0.34+0.10 0.38+0.06 0.36+0.04
Urea mg/dL 39.57+7.33 38.17+1.63 43.25+1.85

Data represented as mean+SD. Asterisks indicate significant (P<0.05) difference compared to control group in a row.

8 Units. On the contrary, the rats injected with the 2Units
dose showed mild and non-significant changes in serum
parameters when compared to control rats as shown in
Table 4.

Histological Examinations

Regarding to the histological examinations it was
found that B-mannanase enzyme injection (8 and 2Units)
to rats lead to many deteriorations on the level of the
different organs compared to their corresponding controls.
High doses of the enzyme represented by 8Units caused
degenerations in the brain tissues and apoptosis of the
neurons. The kidney tissue also showed degenerations in
the epithelium lining the renal tubules and the presence of
renal casts. The liver tissue was also affected expressing
some mononuclear cells aggregation and dilation in the
sinusoidal capillaries as shown in Fig. 1b, 2b and 3b.

Low doses of the enzyme represented by 2Units also
caused pathological changes in the different tissues of
rats. The brain tissue expressed scattered edemain
virchow robin spaces. The liver showed congestion of
portal blood vessels with proliferation of bile duct tubes
and few mononuclear cells infiltration. Also, the kidney
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tissue showed mild degeneration changes in the renal
tubular epithelium as shown in Fig. 1c, 2c and 3c.

DISCUSSION

Many studies have been performed on animals to
evaluate the biological effects of f-mannanase enzyme
addition to the animal diets. Kim et al. (2017) reported
promising results from his experimental study on growing
pigs fed low and high amounts of B-mannans in their diet
with added pB-mannanase enzyme. They approved a
greater final body weights in animals and observed the
high efficiency of B-mannanase enzyme on both diets.
They also reported that adding the enzyme to diet had no
effect on serum total cholesterol, triglycerides and urea.
Also Tewoldebrhan et al. (2017) approved the safety of -
mannanase enzyme when it enters the animal body
through the diet in a study performed on cows producing
milk. Another experimental study on the enzyme's biological
effect on pigs was performed by Huntley et al. (2018).
The results of this study concluded that the enzyme had
no effect on the immune status of the animals and had no
effect in evoking cytokines and the leukocytes.



Fig. 1: Showing the brain tissue status in the different groups (a)
Brain of control group disclosing normal structures, (b) Brain of
rat injected with 8Uints showing spongy degeneration of brain

tissue, and (c) Brain of rat injected with 2Units showing
disclosing edema in virchow robin space and around astrocytes.
H & E Stain.

Recently, Saeed et al. (2019) reported that p-
mannanase enzyme is not only useful when added to
ruminants' diet but to poultry diets also. They also
reported that besides its great effect on mannan
digestibility, the enzyme inhibited the growth of the
harmful bacteria and enhanced the increase of the
intestinal beneficial bacteria. They concluded that B-
mannanase enzyme exhibited the digestion and absorption
of important nutrient in addition to its reduction to the
ammonia emission and so it can decrease the
environmental pollution.
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Fig. 2: Showing the liver tissue status in different groups. (a)
Liver of control group showing normal histological structures of
hepatic cells, (b) Liver of rat injected with 8Units showing mild
dilatation of sinusoidal capillaries and few mononuclear cells
aggregation and (c) Liver of rat injected with 2Units showing
congestion of portal blood vessels with proliferation of bile duct
tubes and few mononuclear cells infiltration. H & E Stain.

In the current study we will focus on the safety
evaluation of B-mannanase enzyme extracted from a new
micro-organism (Penicillium citrinum Egy5 LC368457)
which was subjected to mutation and testing its biological
effect on animals ' health. The intraperitoneal (i.p)
injection of B-mannanase was chosen in the current study
as a short and a direct way to demonstrate and clarify the
effect of the enzyme on the animals' blood and body
organs excluding the oral route to avoid any loss of the
used enzyme doses. Another important reason for
choosing the (i.p) injection is that the constituent of the
diet of rats is simpler than that of ruminants and does not
need any exo-enzymes. Accordingly, if it is added to the
rats' diet it will have no complex substrates to work on
which will lead to false results.



Fig. 3: Showing the kidney tissue status in different groups. (a)
Kidney of control group showing normal histological structures
of renal tubules and glomeruli, b) Kidney of rat injected with
8Units showing focal area of degenerative changes of lining
renal tubular epithelium and renal casts and c) Kidney of rat
injected with 2Units showing mild degeneration changes in the
renal tubular epithelium. H & E Stain.

The obtained results showed that no toxicity signs
were observed due to (i.p) injection of high single doses
of the enzyme to rats (80, 40 and 20units) during two
weeks as shown in Table 1. On the other hand, applying
the (i.p) injection of daily small doses of B-mannanase to
rats caused some complications to the animals. Though
these complications were significant and appeared more
clearly in the group injected with the 8Units.

Beginning with the body weight, there was a retarded
increase in weights in case of both of the injected doses;
the 8Units and the 2Units compared to the control group
as shown in Table 2. This represented the first toxicity
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sign attributed to the enzyme injection. The study also
detected that there were some abnormalities related to the
blood parameters especially in the platelets count and
some immunological parameters in both groups as shown
in Table 3. These changed blood markers may indicate the
presence of inflammation or trauma and may be an
indication for the growth of some tumor or undesired cells
in the rats' bodies (Mahmoud et al. 2019).

The high and significant serum alanine
aminotransferase enzyme (ALT) level detected in the rats'
group injected with 8Units can be considered as a
pathological case. This case reflected hepatocytes rupture
which led to the release of ALT in serum (Simon-
Giavarotti et al. 2002; Cotran et al. 2010; Arafa et al.
2019). These results are in accordance with the
histological findings applied on the liver tissue as shown
in Fig 2b. Also decreasing levels in serum total protein
were detected in this group. This decrease in serum
proteins indicated the low production of albumin or
globulin or other serum proteins synthesized by the liver
for hormonal transportation directed to body organs
through blood (Foda and Shams 2021). The significant
changes in the serum cholesterol and glucose level could
be clear signs for approving the liver dysfunction in
addition to the previous stated parameters.

It was noticed that (i.p) injection with 2Units dose to
rats, caused a retardation in displaying the complications
in the serum biochemical parameters which are expected
to be apparent when consuming the dose daily for a long
time. This can be shown in the determined serum
biochemical parameters and in the histopathological
examinations as well. It could be said that the pathological
changes detected (due to the injection of the enzyme to
rats) in the brain, the kidney in addition to the liver tissues
clarified the toxicity of the enzyme.

The expressed toxicity of B-mannanase in this study
can be attributed to the toxic mycotoxin secreted normally
by the pathogenic fungal strain Penicillium citrinum
which is represented in citrinin. This mycotoxin is proved
to be secreted by the used fungal strain (He and Cox 2016;
Gohar et al. 2020). Accordingly, citrinin seemed to be
secreted in association to the B-mannanase during the
enzyme release in the culture medium. The toxicity of
citrinin was tested previously and the results approved
that this mycotoxin had hepatotoxic and nephrotoxic
effects (Speijers and Speijers 2004; Flajs and Peraica
2009; Imran et al. 2020).

On the other hand, there were few studies for
extracting B-mannanases from penicillium species without
evaluating its impact on animal health. Blibech et al.
(2011) produced high yields of mannanase enzyme from
Penicillium occitanis. Also, Wang et al. (2012) in their
research were able to colon from Penicillium freii F63an
alkali-tolerant endo-p-1,4-mannanase in addition to the
over expression of the obtained enzyme. Their study
approved the valuable use of the obtained enzyme in
many industrial directions.

Conclusion

Applying  extractions of exo-enzymes from
pathogenic micro-organisms is not a safe way for
extraction and the obtained exo-enzymes cannot be used
in animal feed but it can be used for industrial purposes.
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