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ABSTRACT: This study was conducted to investigate the possibilities of using mulberry leaves collected from
10 different provinces in animal feeding. Dry matter (DM), crude protein (CP), crude ash (CA), acid detergent
fiber (ADF), neutral detergent fiber (NDF), crude fat (CF), gas production (GP), organic matter digestibility
(OMD) and energy values (ME and NEL) of mulberry leaves collected from different provinces were determined.
Gas production of mulberry leaves was determined in 24 h incubation periods and gas production kinetics was
explained using the equation y=A (1-exp-ct). The highest dry matter (DM) ratio of mulberry leaves was found
in mulberry leaves collected from Sanliurfa (33.18%). The highest CA ratio was determined in mulberry leaves
collected from Kayseri (21.25%). The highest CP ratio was found in mulberry leaves collected from Adiyaman
(20.96%). The highest CF ratio was found as 4.54% in mulberry leaves collected from Adana. The differences
between the provinces in terms of DM, CA, CP, CF contents were statistically significant (P<0.001). The ADF
rate was found to be the highest as 28.44% in the Aydin group (P<0.001). In the study, NDF rate and HEM rate
were found to be 35.65% and 18.13%, respectively, in mulberry leaves collected from Nigde (P<0.001). While
the OMD rate was found as 46.13% in the Adiyaman group, it was found as 59.89% in the Yozgat group. It was
found that the difference between the provinces in terms of OMD rate was statistically significant. 24-hour GP
values, % methane production, ME, NEL values obtained from mulberry leaves were the highest in mulberry
leaves collected from Yozgat as 40.33 ml; 3.46 ml; 9.07 MJ/kg; it was determined as 5.40 MJ/kg (P<0.05). As a
result, it was seen that the soil structure and climate structure of the region where the mulberry leaves obtained
from different provinces are located have a significant effect on the nutritional values. Although there are signif-
icant differences in terms of the chemical composition of the mulberry leaves and some estimated parameters, it
can be said that the mulberry leaves have high CP content and good digestibility.
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INTRODUCTION

he demand for alternative forage plants and raw

materials has risen in recent years due to the in-
adequacy of traditional feed raw materials in animal
nutrition (Ulger et al., 2017; Ayasan ef al.,2018;
Ekizoglu et al., 2020; Ulger et al.,2020; Ayasan et
al., 2021; Ay et al., 2023; Beyzi et al., 2023; Ulger
et al., 2023). In this context, mulberry leaves and
their by-products have emerged as one of the feeds
that are being focused on and extensively researched
(Isbilir & Celik, 2021; Sarkhel et al., 2021; Ali et
al.,2023; Guo et al., 2025; Liu et al., 2025).

The most important characteristic of mulberry
leaves is their high protein content. While the crude
protein level of mulberry leaves varies between 15-
30% on a dry matter basis, the average is 29.80%;
this content varies according to a wide range of fac-
tors (Ayasan & Baylan, 2016). Mulberry leaves also
stand out as a source used for egg yolk pigmentation
due to their beta-carotene content.

Mulberry trees are adaptable to a broad spectrum
of climates, terrains, and soil types. Traditionally,
their leaves have been used globally as the primary
food source for silkworms. The fruit of the mulberry
is consumed both fresh and dried and finds applica-
tions in making marmalades, juices, liqueurs, natural
dyes, and cosmetic products. Among the numerous
species of mulberry, the Anatolia Region in Tiirkiye
offers favorable conditions for cultivating high-qual-
ity varieties, notably Morus alba, Morus nigra, and
Morus rubra. Recently, the use of locally sourced
mulberry leaves has gained attention as a potential
feed or feed supplement for ruminants and certain
monogastric animals, particularly during periods of
limited availability of high-quality forage (Phiny
et al., 2003; Bamikole et al., 2005; Todaro et al.,
2007; Chowdary et al., 2009; Ustundag & Ozdogan,
2023). While the nutritional composition and value
of Morus alba are well-documented, data concerning
the chemical properties and feed potential of other
species like Morus nigra and Morus rubra remain
scarce. Additionally, no existing studies report on
the biomass yield of mulberry leaves as a ruminant
feed resource in Tiirkiye.

Mulberry leaves contain substantial levels of
crude fiber and tannins, which have been reported
to negatively influence the health and performance
of poultry when included at high levels in their diet
(Al-Kirshi et al., 2010). Despite these limitations,
mulberry leaves are recognized in traditional med-
icine for their high nutritional content and notable

antioxidant properties (Krol ef al., 2016). According
to Cui et al., (2024), while mulberry leaves are rich
in essential nutrients, the presence of anti-nutritional
factors can impair digestion and nutrient absorption.
Their findings suggest that unprocessed mulberry
leaves may pose health risks to animals; however,
fermentation processes can mitigate these effects by
decreasing anti-nutritional compounds and enhanc-
ing overall nutritive value. Similarly, Hnokaew et
al., (2024) identified mulberry leaf as a promising
functional feed or additive capable of promoting
beneficial rumen microbiota and improving fermen-
tation parameters in lactating dairy cows without
detrimental effects on animal health or productivity.
Geng et al., (2024) observed that both fresh and
ensiled mulberry leaves could be incorporated into
livestock diets without compromising performance
or carcass quality. Additionally, Aziz-Aliabad et al.,
(2025) reported that dietary inclusion of green tea
and mulberry leaves in broiler rations improved meat
quality, positively modulated ileal microbiota, and
reduced serum lipid and malondialdehyde (MDA)
levels.

The present study aims to expand existing knowl-
edge on the nutritional value of various mulberry
species cultivated in Tiirkiye by assessing their
chemical composition and digestibility using the
in vitro gas production method. Specifically, this
research seeks to evaluate the nutrient profiles and
potential digestibility of mulberry leaves collected
from different regions of the country, with a focus
on their applicability in animal nutrition.

MATERIALS AND METHODS

In this study, mulberry trees growing in different
provinces of our country (Adana, Adiyaman, Aydin,
Kayseri, Nevsehir, Nigde, Sivas, Sanliurfa, Usak
and Yozgat) were used. Leaves will be collected
from these trees in June-July. Within the scope of the
study, mulberry leaves will be collected by hand in 3
replications from 10 different provinces in June-July
and brought to the laboratory.

Fresh weights of the collected samples were re-
corded before they were dried in the shade and then
reweighed to determine dry weights. The dried sam-
ples were subsequently ground using a 1 mm sieve
and stored for chemical analysis. Analyses conduct-
ed included dry matter (DM), crude ash (CASH),
crude protein (CP), crude fat (CF), crude fiber (CS),
acid detergent fiber (ADF), neutral detergent fiber
(NDF), and in vitro gas production.
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The DM, CP, CASH, and CF analyses were per-
formed according to the standard methods outlined
by AOAC (1990). The analyses for crude fiber (CS),
NDF, and ADF followed procedures developed by
Van Soest et al., (1991) and Goering & Van Soest
(1975).

The in vitro gas production technique described
by Menke & Steingass (1979) was employed to eval-
uate the digestibility and metabolizable energy (ME)
content of feedstuffs. Approximately 200 = 10 mg
of each ground feed sample was weighed into 100
mL special glass syringes (Model Fortuna, Héaber-
le Labortechnik, Lonsee Ettlenschief, Germany)
in triplicate. A 30 mL rumen fluid-buffer mixture,
prepared following Menke et al. (1988), was added
to each syringe. Samples were incubated in a water
bath maintained at 39°C, and gas production was
measured at 3, 6, 12, 24, 48, 72, and 96 hours of
incubation. Cumulative gas production data were
fitted to the non-linear model of Orskov & McDon-
ald (1979):
y=atb (1-e-ct)

a = gas production from the soluble fraction (ml)
b = gas production from the insoluble fraction (ml)
¢ = gas production rate constant for the insoluble
fraction

a+b = potential gas production (ml)

y= gas volume at time t

Gas production data were analyzed using the Neway

computer program. The metabolizable energy (ME,
MlJ/kg DM) and digestible organic matter (DOM,
%) of feedstuffs were calculated based on Menke
& Steingass (1988) using the following equations:

ME, MJ/kg KM = 1.06 + 0.1570 x GU + 0.0084 x
CP +0.0220 x CF - 0.081 x CA

SOM, % = 9.00 + 0.9991 x GU + 0.0595 x CP +
0.0181 x CA

ME: metabolic energy,

SOM: digestible organic matter,

GU: net gas production after 24 h incubation
(mL/200 mg DM)

CP: crude protein (%)

CF: : crude fat (%)

CA: crude ash (%)

All data were analyzed using the General Linear
Model (GLM) procedure in SPSS (1997, Chicago,
IL, USA). Differences between means were de-
termined by Duncan’s multiple range test at a 5%
significance level. Results are reported as means +
standard error of the mean (SEM).

RESULTS AND DISCUSSION

The nutrient composition values of mulberry leaves
collected from 10 different provinces in the study
are given in Table 1.

The dry matter (DM) values of mulberry leaves
collected from different provinces led to a statistical
differentiation among the provinces. In our study, the

Table 1. Dry matter, crude ash, crude protein, and crude fat contents of the mulberry leaves used as

study material

Province DM, % CA, % KM CP, % KM CF, % KM
Adana 31.34 15.48¢ 15.03¢ 4.54*
Nigde 30.50¢ 14.59¢ 17.56¢ 2.89¢
Sivas 33.08* 10.87¢ 18.53¢ 3.054
Nevsehir 32.68° 15.63¢ 14.02f 2.65¢
Usak 27.41¢ 11.15¢ 20.45° 2.40°
Yozgat 31.20° 10.72¢ 18.79¢ 2.944
Adiyaman 22.71¢ 16.49¢ 20.96° 3.34¢
Kayseri 30.30¢ 21.25* 12.14¢ 3.55°
Aydin 27.26¢ 13.48¢ 18.42¢ 2.64¢
Sanliurfa 33.18° 18.51° 18.38¢ 3.35¢
S.H. 0.584 0.629 0.499 0.109
P <0.001 <0.001 <0.001 <0.001

P: Statistical significance level; S.H: Standard error of means. *Differences between means shown with different letters in the same column are

statistically significant (p<0.05).
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highest DM content was determined as 33.18% in
mulberry leaves obtained from Sanliurfa province,
while the lowest value was found to be 22.71% in
mulberry leaves from Adiyaman province (P<0.001).
Giliven (2010) determined the DM values of mulberry
leaves to be between 25.97-46.27%; Al-Kirshi et
al. (2010) found the DM of mulberry leaves to be
89.25%; Giiven (2012) reported 46.27%; Hnokaew
et al. (2024) found 91.26%, and Yan et al. (2024)
determined it to be between 23.2-38.6%. The rea-
sons for differences in the chemical composition of
mulberry leaves in various studies are likely due to
variations in species, cultivation location, growing
conditions, soil, and harvest times of the leaves.

In the study, the crude ash (CA) content led to
a statistical differentiation among provinces. The
highest crude ash content was found in mulberry
leaves collected from Kayseri at 21.25%, while
the lowest CA content was detected in mulberry
leaves collected from Yozgat at 10.72%. Ayasan &
Baylan (2016) reported the CA content of mulber-
ry leaves as 11.80%; Kandylis ef al. (2009) found
16.3%; Al-Kirshi et al. (2010) determined 5.57%;
and Giiven (2012) reported 15.40%.

In the study, the highest CP ratio was found to
be 20.96% in mulberry leaves collected from Adiya-
man, while the lowest CP ratio was found in the
Kayseri group with 12.14%. A statistical differenti-
ation in terms of CP was detected among the groups.

Ayasan & Baylan (2016) reported the CP ratio of
mulberry leaves as 29.80%, while Giiven (2012)
determined CP ratios of mulberry leaves in differ-
ent species between 11.75% and 23.72%. Yu et al.
(2018) found it between 27.63-37.36%; Kandylis et
al. (2009) determined it as 20.1%; Giiven (2012) as
18.73%. Ustundag & Ozdogan (2023) found it to be
20.0%, while Hnokaew et al. (2024) determined it as
22.96%. The protein content of mulberry leaves var-
ies depending on fertilizer application, maturation
period, cutting frequency, and climatic conditions
(Bamikole et al., 2005; Vu et al., 2011).

In the study, the CF ratio was found to be 4.54%
in mulberry leaves collected from Adana, while it
was determined as 2.40% in mulberry leaves collect-
ed from Usak. A statistical difference was detected
among the provinces in terms of CF ratio. Ayasan
& Baylan (2016) reported the CF ratio of mulberry
leaves as 5.57%, while Kandylis et al. (2009) de-
termined it as 3.7%; Ustundag & Ozdogan (2023)
as 5.5%; Hnokaew et al. (2024) as 1.65%; and Yan
et al. (2024) as 4.37%.

The Acid Detergent Fiber (ADF), Neutral Deter-
gent Fiber (NDF), Hemicellulose (HEM), and Or-
ganic matter digestibility (OMD) of mulberry leaves
are given in Table 2.

In the study, the ADF ratio was found to be
28.44% in mulberry leaves collected from Aydin,

Table 2. ADF, NDF, hemicellulose, and organic matter digestibility contents of mulberry leaves used

as study material

Province ADF, % KM NDF, % KM HEM, % KM OMD, %
Adana 20.22¢ 28.97¢ 8.76% 51.39°
Nigde 17.53f 35.65¢ 18.13¢ 51.88°
Sivas 23.68¢ 33.63% 9.96¢ 48.52°
Nevsehir 17.64f 29.38¢f 11.74% 48.28°
Usak 20.40¢ 28.61¢f 8.214 52.96°
Yozgat 26.39° 29.47¢ 3.08¢ 59.89%
Adiyaman 24.36° 32.01¢ 7.66% 46.13°
Kayseri 21.91¢ 28.45¢ 6.55¢ 49.29°
Aydin 28.448 34.10° 5.65f 52.20°
Sanliurfa 24.10¢ 33.03¢ 8.93¢d 49.55°
S.H. 0.637 0.474 0.720 0.869
P <0.001 <0.001 <0.001 0.017

P: Statistical significance level; S.H: Standard error of means.*Differences between means shown with different letters in the same column are

statistically significant (p<0.05).
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while it was 17.53% in the Nigde group. The study
showed that the ADF ratio was statistically signifi-
cant (P<0.001). Giiven (2012) found similar results
in a study conducted with mulberry leaves. In a study
by Al-Kirshi et al. (2010), ADF ratios in mulber-
ry leaves were determined to be between 28.00-
35.00%. Sanchez (2000) reported an ADF ratio of
20.8-23.1%; Giiven (2012), 17.33%; Kandylis et al.
(2009), 14.8%; Hnokaew et al. (2024), 13.26%; and
Liu et al. (2025) found it to be between 29.6-52.6%.
In the study, the lowest NDF ratio was found to be
28.45% in mulberry leaves collected from Kayseri,
while it was 35.65% in mulberry leaves collected
from Nigde. The NDF ratio was statistically signif-
icant (P<0.001) in mulberry leaves collected from
different provinces. In a study conducted by Al-Kir-
shi et al. (2010), NDF ratios in mulberry leaves were
determined to be between 33.00-46.00%; Sanchez
(2000) reported an NDF ratio of 24.6%; Butt ef al.
(2008), 27.6-43.3%; Giiven (2012), 19.38%; Yu et
al. (2018) reported the crude fiber ratio as 11.46-
16.61%.

In the study, the HEM ratio was found to be
3.08% in the Yozgat group, while it was 18.13% in
the Nigde group. The Nigde group had a higher HEM
ratio. This difference was found to be statistically
significant (P<0.001). In a study, the HEM ratio of
mulberry leaves was reported as 7.80% (Ayasan &
Baylan, 2016); Schmidek ez al. (2000) determined it
to be between 11.0-22.0%. Ali et al. (2023) reported

it as 10.02%.

In the study, the OMD ratio was found to be
46.13% in mulberry leaves collected from Adiyaman,
while it was 59.89% in mulberry leaves collected
from Yozgat. The difference between the provinces
in terms of OMD ratio was found to be statistically
significant (P<0.05). In a study conducted by Giiven
(2012) on mulberry leaves, the OMD value ranged
between 64.38-73.70%, with an average of 66.83%.
A research study indicated that species and harvest
time were important factors affecting the OMD value
of mulberry leaves (Yao et al., 2000). The OMD
values obtained in our experiment were found to be
lower than the OMD values (65.9-72.9%) reported
by Yao et al. (2000). Other parameters related to
mulberry leaves are presented in Table 3.

It was determined that the 24-hour GP values
obtained from mulberry leaves varied between
23.33-40.33 ml, and the differences observed among
mulberry leaves in terms of GP values were found
to be statistically significant (P=0.014). Among the
feed materials used in the study, the highest 24-hour
methane production percentage was found in the
Yozgat group with 3.46 ml, while the lowest was
detected in the Adiyaman group with 1.91 ml. The
differences between groups were found to be statis-
tically significant (P<0.05).

The ME contents of mulberry leaves ranged be-
tween 6.94-9.07 MJ/kg DM, and a statistical differ-

Table 3. 24-hour in vitro gas and methane production. Metabolizable energy (ME) and net energy
lactation (NEL) content of mulberry leaves when incubated in vitro with rumen buffered fluid

Province 24 h GP ml 24 h CH4 ml ME, MJ/kg DM NEL, MJ/kg DM
Adana 32.34° 2.86° 7.97° 4.42°
Nigde 31.67° 2.59° 7.77° 4.47°
Sivas 27.67% 2.31% 7.31° 4.11°
Nevsehir 29.34%¢ 2.50% 7.14° 4.05°
Usak 31.66° 2.65° 7.89° 4.61°
Yozgat 40.33* 3.46° 9.07° 5.40°
Adiyaman 23.33¢ 1.91¢ 6.94° 3.80°
Kayseri 31.00% 2.66° 7.39* 4.13°
Aydin 31.60° 2.78° 7.79° 4.51°
Sanliurfa 28.34% 2.48b¢ 7.45° 4.18°
SEM 0.993 0.087 0.137 0.101
P 0.014 0.006 0.014 0.013

P: Statistical significance level; S.H: Standard error of means. *Differences between means shown with different letters in the same column are

statistically significant (p<0.05).
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ence was detected in terms of mulberry leaves col-
lected in the provinces (P<0.05). The NEL contents
of mulberry leaves varied between 3.80-5.40 MJ/
kg DM, and a statistical difference was detected in
terms of mulberry leaves collected in the provinces
(P<0.05). In a study conducted on this subject, the
ME values of mulberry leaves ranged between 9.41-
10.74 MJ/kg DM, and a statistical difference was
found between the groups (Giiven, 2012). Yao et al.
(2000) stated that the factors affecting gas production
kinetics were species and harvest time. Ustundag &
Ozdogan (2023) determined that the ME value of
mulberry leaf was 7.44 MJ/kg.

CONCLUSION
In conclusion, considering the deficit in our coun-
try’s roughage production, it is possible to utilize the

obtained mulberry leaves and enhance their quality
through various mixtures. The results obtained in
this study have led to the conclusion that mulberry
leaves, which often decay without being utilized,
can be used as feed.
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