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Abstract

This study was conducted at animal production farm belong to College of Agriculture,
University of Anbar, from 7™ April to 21% July , 2025. The study aimed to investigate
using of oyster mushroom culture products grown on crushed Reed Plant (
officinarum) as a substitute with wheat bran in diets of aged laying hens and its effect
on productive performance. The experiment lasted for four periods (28 days/period).
One hundred - eight of Lohmann Brown (50-weeks old) were used in study were
divided into six experimental groups, with three replicates (six hens per replicate).
The experimental treatments were as follows: T1: standard diet without any additives.
T2: standard diet with 20% wheat bran replaced by mushroom culture waste ; T3:
standard diet with 40% wheat bran replaced by mushroom culture waste ; T4:
standard diet with 60% wheat bran replaced by mushroom culture waste ; T5:
standard diet with 80% wheat bran replaced by mushroom culture waste ; T6:
standard diet with 100% wheat bran replaced by mushroom culture Waste were
cultivated by inoculating mycelium on wheat seeds. Reed Plant (Saccharum
officinarum) straw (80%) and wheat straw (20%) were used. After drying and
grinding, the inoculated bags were placed in an incubation chamber until the
mushrooms reached maturity. A significant decrease (P<0.05) was observed in blood
Glucose concentration, AST, LDL, Cholesterol, and PCV in treatment T6, which used
100% mushroom residue powder, compared to the control treatment T1. A significant
increase (P < 0.05) was observed in total plasma protein, albumin, and RBC
concentrations in treatment T6. A significant increase (P < 0.05) was also observed in
hemoglobin levels in treatment T4. White blood cell counts showed a significant
increase (P<0.05) in treatment T2. Histological measurements showed significant
increases in villus thickness, villus diameter, and villus depth in both treatments T6
and T5. It can be concluded that birds fed mushroom residue exhibit greater
antioxidant resistance, higher protein levels, and enhanced immunity.

Keywords : Mushroom Culture Waste, Wheat Bran, Physiological Performance ,
Histological , Biochemical , Laying Hens.
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Introduction

Global demand for fruit foods
IS increasing due to population growth,
highlighting the need for basic
agricultural practices and Productive
performance of laying hens not
affected by some feeding programs (1).
Each part plays a pivotal role in the
agricultural economy by transforming
diverse foodstuffs into highly desirable
sources for human consumption (6).
Agricultural waste is defined as the
residues generated during the industrial
processing of agricultural products, or
the byproducts or residues resulting
from this. Waste can be divided into
two types: agricultural waste and
industrial waste, respectively (9).
Agricultural waste consists of residues
and stalks, while industrial waste is the
waste produced by food and beverage
industries, such as bran, husks,
residues, and Reed Plant (Saccharum
officinarum) residues. Generally, the
remaining portion of industrial waste is
disposed of in landfills or lost, leading
to various optional solutions and
causing harm, which concerned
about, far removed from human

MATERIALS AND METHODS

Collection of Mushroom Cultivation
Waste

The study was conducted at
College of Agriculture, University of
Anbar. The fungal inoculum was
propagated on wheat seeds according
to (13) method. High-quality wheat
grains, free from insects and
pathogens, were used. 2.5 gm. of
calcium carbonate (limestone CaCOg)
and 2.5 g of calcium sulfate (gypsum
CaSO, + 2H,0) were added to each
125 gm. of grain (wet weight). The
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concerns, and is environmentally
friendly (10). These by-products can
serve as a food source, in addition to
being a source of carbon. Furthermore,
this type of byproduct provides the

nutrients required for mushroom
growth through fermentation (14).
Edible  mushrooms are  highly

nutritious and can be used as food
sources. They are rich in high-quality
protein, carbohydrates, various
vitamins, minerals, and other nutrient
<They are characterized by low
glycoproteins and low cholesterol (7) .
These edible mushrooms contain a

variety ~ of  bioactive  organic
compounds, such as succharides and
dietary fiber <These compounds

possess antioxidant, antitumor, and
other physiological functions (20).
Based on above, the study aimed to

determine the effect of using
mushroom cultivation residues on
ground Reed Plant (Saccharum

officinarum) as a substitute for bran in
the diets of old laying hens and its
effect on physiological and histological
performance.

grains were then sterilized using an
autoclave. Eighty percent of growing
medium (Reed Plant straw and wheat
straw) was used, after drying and
grinding them. The growing medium
(Reed Plant straw and wheat straw)
was packed into bags. The inoculant
bags were placed in an incubation
chamber until mycelium had fully
developed. The remaining growing
medium was then dried, ground, and
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stored in bags in suitable locations
Laboratory Experiment

Preliminary chemical analysis was
performed on mushroom culture
residues, which included a mixture of
sugarcane Reed Plant ( officinarum)
straw and wheat straw and mycelium
filaments after inoculation with oyster
mushrooms, to determine their
nutritional value. This analysis was

Table 1. Chemical Analysis of
Mushroom Culture Waste( Reed
Plant (officinarum) straw and wheat
straw) and mycelium

Ingredients %
Protein 10
Fat 3.5
Ash 7.45
Moisture 6.7
Fiber 6.5
Carbohydrate 60
Metabolizable 1300
Energy

Table 2. Type and Quantity of
Amino Acids in Mushroom Culture
Woaste Powder

Amino Acids | (mg/100gm)
Aspartic acid | 11.80
Glycine 15.65
Lysine 14.70
Serine 13.66
Threonine 15.40
Isoleucine 15.99
Alanine 14.70
Valine 13.65
Tyrosine 12.40
Arginine 15.02
Cysteine 13.98
Methionine 15.80
Proline 13.60
Histidine 12.80
Lucien 14.80
Glutamic acid | 12.98
14.80
Phenylalanine
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until field trials could be conducted.

carried out in the laboratories of the
Scientific Research Authority,
Environment and Water Research
Center, as shown in Table 1. Tests
were also conducted on the powder of
the mushroom culture residue mixture
to determine its chemical composition
and the types and proportions of amino
acids it contains, as shown in Tables 1
and 2.

Diets and Feeding

This field experiment was conducted at
College of Agriculture, University of
Anbar. The experiment lasted 16
weeks, divided into four experimental
periods (28 days / period). One
hundred - eight of laying hens
(Lohmann Brown) aged 50 weeks,
were used. The hens were raised using
a cages rearing system, with three hens
per cage, were distributed into six
experimental groups, each containing
three replicates, and each replicate
containing six hens. The experimental
groups were as follows: T1: standard
feed without any additives. T2: Wheat
bran replaced with 20% mushroom
culture waste. T3: Wheat bran replaced
with 40% mushroom culture waste.
T4: Wheat bran replaced with 60%
mushroom culture waste. T5: Wheat
bran replaced with 80% mushroom
culture waste. T6: Wheat bran replaced
with 100% mushroom culture waste
Based on dry weight For oyster
mushroom and wheat bran farming.
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Table 3. Ingredient and Chemical composition Calculated of Experimental Diets

Ingredients Treatments

T1 T2 13 [T4 [T5 [T6
Yellow Corn 35 35 35 35 35 35
Wheat 15 15 14.5 |14 13.5 |13.5
Barley S S S S S S
Soybean Meal* 18 18 18.5 |19 19.5 [19.5
Protein Concentrate S S S S S S
Mushroom Culture Waste 0 2 4 6 8 10
Wheat Bran 10 8 6 4 2 0
Dicalcium Phosphate 1.75 1.75 |1.75 |1.75 .75 |[1.75
Limestone 7 7 7 7 7 7
Oil 2.25 2.25 .25 P25 225 [2.25
Salt 1 1 1 1 1 1
Total 100 100 {100 {100 {100 {100
Calculated Chemical analysis **
Metabolizable Energy (Kcal/kg feed) 2650 2650 [2646 2643 2639 [2639
Crude protein % 17.46 |17.35 (17.41 [17.48 |17.55 (17.44
Calcium % 3.41 3.41 (3.41 341 (341 (341
Lysine % 093 1093 095 10.96 1[0.97 [0.97
Cysteine + Methionine 0.7 0.7 0.7 0.71 0.71 0.71
Available phosphorus 0.66 0.66 [0.67 [0.67 [0.67 [0.67

Physiological tests of blood plasma
after the end of the field experiment.
Blood samples were drawn, and at the
end of the experiment, 6 birds were
randomly selected from each treatment
(two birds per replicate) Blood
samples were collected through the
birds' wing vein, and test tubes
containing the anticoagulant substance
(EDTA) were placed in it to conduct
biochemical tests on the blood plasma.
Samples were collected and placed in a
centrifuge at 3000 rpm for a quarter of
an hour to separate the plasma from the
cellular fraction.

The samples were then placed in a
freezer at -20°C for blood biochemical
tests. These tests were conducted in the
central laboratory of the College of
Agriculture, Anbar University. After
slaughtering the birds, they were
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dissected and a piece of the small
intestine was taken. Histological
section samples were taken from the
end of the jejunum before the vestigial
scar to the point of the vitelline
diverticulum. 5 cm was cut from the
end of the jejunum. Samples were
taken from all replicates from each of
the experimental treatments. One bird
was taken for each replicate and the
samples were kept in tubes containing
10% formalin for one day. Histological
examinations were conducted at the
College of Veterinary Medicine,
University of Baghdad

Statistical Analysis System (17) was
used to analyze the data and examine
the effect of different treatments on the
studied traits using a completely
randomized design (CRD). Significant
differences between means were
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compared using Duncan's multiple

RESULTS AND DISCUSSION
Figure (1) shows the effect of
using  different  proportions  of
mushroom culture residues in diet of
laying hens on the biochemical blood
characteristics. The results showed that
the glucose value showed a significant
superiority (P<0.05) for treatment T4
over treatment T6 and did not differ
significantly from treatments T1, T2,
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Figure (2) shows effect of using
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T3 and T5 . As for the uric acid value
and ALT value, no significant
differences were observed between the
experimental treatments. As for the
AST value, a significant decrease
(P<0.05) was found for treatment T6
compuved with treatments T1, T2, T3
, Tdand T5
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significant superiority (P<0.05) for

Figure 1. Replacing Wheat Bran with Mushroom Culture Waste and Crushed
Reed Plant to Laying Hen Diet’s on some Biochemical Traits

of mushroom
diets of laying

different proportions
culture residues in

hens on blood biochemical
characteristics. The results for protein
and albumin values showed a
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treatment T6 over treatments T1, T2,
T3, T4, and T5. As for globulin values,
no significant differences  were
observed between the experimental
treatments.
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Figure 2. Replacing Wheat Bran with Mushroom Culture Waste and
Crushed Reed to Laying Hen Diet’s on Protein , Aloumin and Globulin
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Table (4) shows the effect of using heterophylls and lymphocytes and the
different proportions of mushroom ratio  between heterophylls and
culture waste in diets of laying hens lymphocytes. No significant
on biochemical blood characteristics. differences were observed between the
The results showed values of of different experimental treatments.

Table 4. Replacing Wheat Bran With Mushroom Culture Waste and Crushed Reed
Plant to Laying Hen Diet’s on Lymphocyte , Heterophil and H/L Ratio

Treatments

Variable Significant
T1 T2

Lymph

Hetero

H/L

*Values represent the mean + Standard Error.

NS: Not statistically significant.

a, b, c: Different letters in the same row indicate statistically significant differences
between treatments at the (P< 0.05) level.

T1: Control. T2: replacement of wheat bran with 20% mushroom culture waste. T3:

vanlananmant AfF wnihAaat ran anth ANOL mnirhraAam Aanillbiivra wnianta T A vanlaaAanmAant AF At
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Table (5) shows the effect of using
different proportions of mushroom
culture residues in  diets of laying
hens on lipids parameters. The results
for cholesterol showed a significant
increase (P<0.05) in treatments T1 and
T2 compared to treatments T3 and T6,
and did not differ significantly with
treatments T4 and T5. No significant

Table 5 . Replacing Wheat Bran with Mushroom Culture Waste and Crushed Reed
Plant to Laying Hen Diet’s on Cholesterol, Triglycerides , HDL , LDL and VLDL

Treatments

differences were observed between the
experimental treatments for
triglycerides, HDL, and VLDL.
However, a significant decrease
(P<0.05) in LDL was found in
treatments T3 and T6 compared to
treatments T1, T2, and T4, which did
not differ significantly with treatment
T5

Variables
T1 T3

Significant

+254.66 +198.33

Cholesterol
9.33 0.66

149.33 + 138.33
Triglycerides | +
8.33 10.66

+ 42.66 + 45.66

3.33 2.33

182.33 125.00
+ 4.00 +
7.66 C

A

+ 29.66

1.66

Values represent the mean + Standard Error.
NS: Not statistically significant.

a, b, c: Different letters in the same row indicate statistically significant differences
between treatments at the (P< 0.05) level.

T1: Control. T2: replacement of wheat bran with 20% mushroom culture waste. T3:
replacement of wheat bran with 40% mushroom culture waste. T4: replacement of wheat
bran with 60% mushroom culture waste . T5: replacement of wheat bran with 80%
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mushroom culture waste. T6: replacement of wheat bran with 100%

Table (6) shows the effect of using
different proportions of mushroom
culture residues in diets of laying hens
on blood characteristics. The results of
white blood cell value showed a
significant superiority (P<0.05) for
treatment T2 over treatments T4 and
T5 which did not differ significantly

with treatments T1, T2, T3 and T6. As
for the uric acid value and the ALT
value, no significant differences were
observed between the experimental
treatments. As for AST value, a
significant decrease (P<0.05) found
for treatment T6 over treatments T1,
T2, T3, T4 and T5.

Table 6 . Replacing Wheat Bran with Mushroom Culture Waste and Crushed
Reed Plant to Laying Hen Diet’s on WBC, RBC , PCV and Hb

Treatments

Variables

T1 T2

Significant
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Values represent the mean + Standard Error.

NS: Not statistically significant.

a, b, c: Different letters in the same row indicate statistically significant differences

between treatments at the (P< 0.05) level.

T1: Control. T2: replacement of wheat bran with 20% mushroom culture waste. T3:
replacement of wheat bran with 40% mushroom culture waste. T4: replacement of
wheat bran with 60% mushroom culture waste . T5: replacement of wheat bran with
80% mushroom culture waste. T6: replacement of wheat bran with 100%

Histological Examination

Figure (3) shows the effect of using
different proportions of mushroom
culture residues in the diet of laying
hens in histological examination. The
results for villus length showed a
significant improvement (P<0.05), as
treatments T5 and T6  were
significantly superior to treatments T1,
T2, T3, and T4 in the same trait. As for
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villus  thickness, a  significant
improvement was found (P<0.05), as
treatment T3 was superior to treatment
T2 and did not differ significantly from
treatments T1, T4, T5, and T6 in the
same trait. As for crypt depth, a
significant improvement was found
(P<0.05), as treatment TS5 was superior
to treatments T1, T2, and T3 and did
not differ significantly from treatments
T4 and T6 in the same trait.

Crypt depth

‘ADAD ‘ ‘Ab Ab

Fig. 3 . Replacing Wheat Bran with Mushroom Culture Waste and Crushed
Reed Plant to Laying Hen Diet’s on Villus height , Villus thickness and Crypt

depth
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This improvement may be attributed to
Mushroom culture waste contains high
levels of beta-glucans, a type of
soluble fiber that increases the
viscosity of digestive contents, leading
to reduced carbohydrate absorption
from intestines. This, in turn, decreases
glucose flow into the bloodstream.
Additionally, the formation of a
gelatinous layer acts as a physical
barrier, reducing contact between
digestive enzymes and starches, thus
slowing their conversion into simple
saccharides (16 ). This improvement
may be attributed to Furthermore, the
bioactive compounds in mushrooms
culture act as natural inhibitors of
alpha-glucosidase and alpha-amylase
these enzymes are responsible for
breaking down complex saccharides to
glucose, and their inhibition results in
less free glucose available for
absorption in the small intestine This
also improves insulin sensitivity and
activates the AMPK pathway (15). The
significant improvement in total
protein and albumin concentrations
when using mushroom culture waste is
attributed to the direct correlation
between egg production and total egg
protein content This is because most
egg components are transported via the
blood to ovary bound, reflecting
positively on the health of  birds,
which in turn is reflected in egg
production (18) .The reduced AST
levels are attributed to the presence of
compounds, flavonoids, and
ergothioneine from mushroom remains
These compounds reduce oxidative
stress in liver cells, protecting them
from damage Furthermore, the
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bioactive compounds enhance liver
enzyme systems responsible  for
detoxification, thus reducing the
leakage of aspartate aminotransferase
(AST) into the bloodstream This helps
improve the functional state of the
liver (18). The ability to absorb
cholesterol depends on the nature of
the feed components. The decrease in
cholesterol concentration is attributed
to the unsaturated fatty acids and
phenols in mushroom culture residue
powder, which inhibit cholesterol
synthesis due to their role as natural
antioxidants, thus helping to suppress
free radical activity. Additionally, the
soluble dietary fiber in the mushroom
residue leads to the formation of
viscous gels, such as glucans, which
prevent cholesterol absorption (8). The
reduction in LDL cholesterol levels in
laying hens after adding mushroom
culture (Pleurotus ostreatus) products
to the feed is often attributed to
decreased energy and fat metabolism
in the liver. This is because the chicken
liver is a major center for fat synthesis
and transport to the ovary for yolk
formation. Furthermore, the high fiber
content leads to decreased energy
metabolism and inhibits the liver from
synthesizing ~ compensatory  fats,
thereby reducing the production of
very low-density lipoproteins (VLDL),
which are partially converted to low-
density lipoproteins (LDL) in the
blood. (15).

This improvement may be attributed to
Mushroom culture waste is an
important source of micronutrients
essential for red blood cell formation
and growth, including iron and copper.
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These two minerals are key
components of hemoglobin, the protein
responsible for oxygen transport in red
blood cells. Iron is the central atom in
the heme group of hemoglobin, while
copper plays a role in iron metabolism
and utilization (2). Mushrooms culture
waste are high in iron, an essential
element for hemoglobin formation and
protection  from  oxidation. The
antioxidants they contain protect red
blood cell membranes from oxidative
stress. Red blood cells are particularly
vulnerable to oxidative damage due to
the high oxygen levels and the
presence of lipids in their membranes.
These antioxidants neutralize reactive
oxygen species, preventing lipid
oxidation. This leads to longer red
blood cell lifespan and maintains high
hemoglobin levels, cell volume, and
hemoglobin  concentration  Beta-
glucans found in mushrooms culture
are known to enhance various types of
immune cells, improving their function
and strengthening the immune system.
This effect can lead to a stronger
immune response without increasing
the total number of white blood cells,
but rather by improving the balance of
different types of white blood cells
(22).

The improvement in intestinal tissue is
attributed to  mushroom culture
residues, which are rich sources of
bioactive compounds and contain high
levels of dietary fiber, B-glucans, and

chitin, in addition to phenolic
compounds and residual fungal
enzymes. Numerous studies have

shown that incorporating these
residues into diets positively impacts
digestive health, particularly the
morphology of the small intestine (12).
The indigestible fibers in mushroom
culture residues help improve the
balance of intestinal microbiota. These
fibers act as prebiotics, promoting the

growth of beneficial bacteria and
reducing the proliferation of harmful
microorganisms (11). When these
fibers are fermented by intestinal
microbes, short-chain fatty acids are
produced, most notably butyric acid.
This acid is a major energy source for
intestinal lining cells and plays a
significant role in stimulating cell
division and regeneration (19). In
addition, mushroom culture residues
contain antioxidant compounds that
contribute to reducing intestinal
inflammation and oxidative stress, thus
helping to protect the intestinal mucosa
and reducing intestinal villus erosion.
As a result of these interactive effects,
an improvement in the length and
thickness of the small intestine villi
can be observed, as the increased
length and thickness of the willi
enhance the absorption surface area
and nutrient utilization efficiency (3).
We can conclude that the beneficial
effect of mushroom culture residues on
intestinal villi is not direct, but rather
occurs through improving intra-
intestinal conditions and supporting the
vital activities of intestinal cells. This
makes it an important component in
animal nutrition and feed (18 ).

Conclusion

This  study  suggests that
mushroom culture waste can be a good
source of natural feed additives that
improve the concentration of certain
physiological parameters in blood
plasma and histological condition of
intestines of laying hens. This
mushroom waste can be used as a
natural feed supplement, as well as a
substitute for wheat bran in laying hen
feed.
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