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This study was carried out to investigate the effects of Aspergillus niger solid-state fermentation on main nutritional
content of cherry (Prunus cerasus) kernel. Three Aspergillus niger strains (ATCC 52172, ATCC 200345, ATCC 9142)
were used in this study. Cherry kernels were analyzed for crude protein (CP), total ash (TA), total fat (TF), crude fiber
(CF), nitrogen free extract (NFE), neutral detergent fiber (NDF) and acid detergent fiber (ADF) before and after
fermentation to see nutritional change. CP level of the sour cherry increased by 14.1% and reached up to 41.66%
from 27.56%. Fungal fermentation changed also TA, TF, CF, NFE, NDF, ADF contents of cherry kernel. These results
suggest that solid-state fermentation with Aspergillus niger can be used for utilization nutritional properties of cherry
kernels to make having potential in animal nutrition.
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Introduction
The demand for protein foods will increase
because world population is growing rapidly. It is
expected that world animal product needs will
increase by 58% in 2050 (Makkar et al. 2014). As it
is necessary to produce more animal product
(meat, egg, milk etc.) for feeding the growing
population, the demand for feedstuffs used in
animal nutrition will also increase. Thus, the use of
feedstuffs competing with human nutrition in
animal feeding rather than feeding the world
population expected to rise to 9 billion in 2050 will
become controversial (Cohen, 2003). For this
reason, it is considered that the feed resources
with low competition with human consumption
should be made available in animal nutrition.
Feed costs constitute 60-70% of total costs in
animal production. In feed costs, protein sources
have a large share because of being very expensive
and using at high levels in the ration. It is necessary
that the new protein sources should be found for
animal nutrition in order to reduce the pressure on
the protein sources used animal nutrition made by
increasing animal product demand in parallel with
rising in human population.
Cherry (Prunus cerasus L.) is a seed fruit of
Rosaceae family. The world's total production of
cherry, which is being cultivated in many parts of
the world, especially in Russia, Ukraine and Turkey,
have reached 1.3 million tons per year (FAO, 2014).
According to the National Agricultural Statistics
Service, 99% of the sour cherries are consumed as
processed products such as fruit juice, jam or

canned cherries (USDA, 2012). After the sour
cherry has been harvested, the plant is brought to
the factory and the seeds are separated by passing
through the seed separating machines. 60.4-71.4%
by weight of the sour cherry constitutes the fleshy
portion, 13.5-18.1% the peel and 5.5-7.9% the seed
(Chaovanalikit and Wrolstad, 2003). 23.5% of the
sour cherry seed, which is separated as a byproduct during the conversion of sour cherry to
processed products, is composed of the kernel.
Cherry kernel contains 30.4% crude protein, 17.6%
total fat, 3.2% total ash and 9.5% crude fiber (Popa
et al. 2011; Yılmaz and Gökmen, 2013). Although
the sour cherry kernel is rich in lysine (5.28%), it is
poor in terms of essential amino acids such as
methionine, threonine and tryptophan (Yılmaz and
Gökmen, 2013). It has been reported that sour
cherry oil contains 46.8% oleic and 40.58% linoleic
acid and thereby is also rich in unsaturated fatty
acids (Yılmaz and Gökmen, 2013).
Fermentation method can be used to increase
protein, amino acid, fat, mineral and vitamin
contents of feed raw materials, waste and byproducts (Cao, 2012; Zhang et al. 2013; Xie et al.
2016). Fermentation in which microorganisms such
as bacteria, fungi or yeast are used is generally
divided into liquid-state and solid-state
fermentation. Solid-state fermentation is the
preferred method for liquid culture fermentation
because of the being economical, using abundant
and cheap substrates in and having relatively less
risk of contamination, which indicate the
development of microorganisms on moistened
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solid substrates without free water (Perez-Guerra
et al. 2003; Osma et al. 2007).
The filamentous fungi, such as A. niger, are suitable
for solid-state fermentations because they can
rapidly grow in the low-water environment
(Raimbault, 1998). A. niger is used as a probiotic in
animal nutrition and is accepted as “Generally
Recognized as Safe” (GRAS) by the US Food and
Drug Administration (FDA) (Harimurti and
Hadisaputro, 2015). A. niger can increase the
content of protein, amino acid and mineral of
feedstuffs and can lose its anti-nutritional
components (Iyayi and Losel, 2001; Dei et al. 2008;
Okpako et al. 2008; Cao, 2012; Zhang et al. 2013).
A. niger can also increase the digestibility of feed
by producing enzymes protease, amylase, lipase,
cellulase and xylanase (Milala, 2005; Betini et al.
2009; Oyeleke and Oyewole, 2011; Oliveira et al.
2016). These features of A. niger make it possible
to enrich the cherry kernel for protein, amino acids
and minerals, and to improve the digestibility of
possible anti-nutritional factors. With these
properties of A. niger it is thought that the sour
cherry kernel can be enriched with respect to
protein, amino acid and mineral, and also its
digestibility can be increased by eliminating the
possible anti-nutritional factors. In this study, the
effect of solid-state fermentation with A. niger on
crude protein (CP), total ash (TA), total fat (TF),
crude fiber (CF), nitrogen free extract (NFE),
neutral detergent fiber (NDF) and acid detergent
fiber (ADF) content of sour cherry kernel was
investigated.
Materials and Methods
Cherry kernel supply and storage
Cherry kernels were supplied from a fruit juice
factory in Turkey. The cherry kernels were stored
at -20 ° C until fermentation.
Microorganisms
The microorganisms used in the study were
obtained from the American Type Culture
Collection (ATCC). The microorganisms were
ATCC® 9142TM, ATCC® 200345TM, ATCC® 52172TM.
Culture media and culture conditions
A. niger strains obtained from ATCC were left in
incubation in Potato-Dextrose-Agar (PDA, Oxoid
Ltd., Basingstoke, UK) on 28 °C for 7 days according
to agar plate technique. After incubation,
Aspergillus spores were harvested by turning the
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plate upside down and gently hitting the top. Spore
counting was conducted according to FuchRosenthal technique using a hematocytometer.
After the formed spores were counted when they
were inoculated into cherry kernels the same day.
Solid-state fermentation preparation
Before the fermentation, cherry kernels were
milled to a size of 2 mm (RETCH ZM200) and
sterilized by autoclaving on 121 °C for 15 minutes.
After that, the cherry kernels were divided in two
groups, namely, before fermentation and after
fermentation. Environment used for fermentation
of cherry kernels was 1 kg cherry kernel and 1.6 l
nutritional
salt
(glucose:
urea:(NH4)2SO4:peptone:KH2PO4:MgSO4.7H2O
4:2:6:1:4:1). The pH of fermentation environment
was calibrated into 5 using 1N NaOH and HCI.
Starting humidity was 60% and, after adding
nutritional salt, for each kg of the solid
environment 1,4x104 A. niger spores were
inoculated inside a sterile cabin and left in
incubation on 28-30 °C. After incubation,
fermented cherry kernels were placed in plastic
containers, gently pressed and left for 48 hours on
its heat. Since A. niger is a microaerobic organism,
there will be enough microaerobic conditions for
its growth and development even if its left in a
closed environment (David et al. 2003). At the end
of this period, cherry kernels were spread over a
polyethylene paper in a room with 30-40 °C
temperature for 6 days until reaching
approximately 90% of dry matter upon which they
were splintered into 0.15 mm pieces. After the
fermentation period, A. niger strains were exposed
to 60 °C temperature for 48 hours in order to be
rendered inactive.
This study was designed from 3 treatment
consisting of different A. niger strains. ATCC 52172
used group was called C1, ATCC 200345 used group
was called C2, ATCC 9142 used group was called C3
and unfermented cherry kernel (control) was
called CK.
Determination of chemical composition
Ash (method, 942.05), CP (method, 976.06), ether
extract (EE, method, 920.29), crude fiber (CF,
method, 973.18) analyses of cherry kernels before
and after solid-state fermentation were conducted
(AOAC, 2000). Neutral detergent fiber (NDF) and
acid detergent fiber (ADF) analyses were
conducted according to Van Soest (1991) using the
ANKOM200/220 fiber analyzer (ANKOM corporation®
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Technology Fairport, NY). Measurement for each
sample was conducted 3 times and the average
was taken.
Statistical analysis
All of the experiments were carried out in
triplicate, and the data were expressed as an
average value and pooled SEM. Comparisons
between different groups were used by one-way
ANOVA and Duncan (SPSS 21.0 Statics). The level of
statistical significance was preset at P < 0.05.
Results and Discussion
Solid-state fermentation of cherry kernel with A.
niger resulted in significant changes in its nutrient
content (Table 1). CP level of the sour cherry
increased by 14.1% and reached up to 41.66%. The
CP level was highest in the C3 group, followed by
the C2 and C1 groups. This result is in line with the
results of studies on solid-state fermentation of
cassava (Iyayi and Losel, 2001; Aderemi and
Nworgu, 2007; Aro, 2008; Okpako et al. 2008),
ginkgo leaves (Cao et al. 2012), shea nut (Dei et al.

2008), olive leaves (Xie et al. 2016), pomegranate
peel and creosote bush leaves (Aguilar et al. 2008)
with A. niger. This protein increase may be due to
micelles and/or enzymes produced by A. niger
(Onilude, 1994; Raimbault, 1998).
There was no difference in TF contents of
treatments compared to the control, except a
decrease in C3 group. This result is consistent with
studies in which the fat content of cassava (Aro,
2008), pomegranate peel and creosote bush leaves
(Aguilar et al. 2008) was not affected by
fermentation while inconsistent with the studies
that increased fat content of shea nut (Dei et al.
2008) and cassava (Okpako et al. 2008).
Differences in the results obtained may be due to
differences in the substrate used for fermentation.
Besides, when the study results are interpreted, it
can be seen that different A. niger strains can have
different effects on crude oil content even in the
same substrate. While the crude oil level of the
sour cherry kernel was unchanged in C1 and C2,
decreased in C3.

Table 1. Changes of main nutritional ingredients in sour cherry kernel with Aspergillus niger solid-state
fermentation (%, on dry matter basis)
Component
Crude Protein
Total Fat
Total Ash
NFE
Crude Fiber
NDF
ADF

C1
39.70c
26,00a
6.90b
20.10b
7.32ab
22.03a
13.01a

C2
41.24b
26.93a
7.89a
18.05c
5.82b
17.14c
10.97c

C3
41.66a
22.39b
7.79a
19.35b
8.78a
19.82b
11.79b

CK
27.56d
25.78a
2.60c
38.30a
5.84b
17.74c
9.67d

SEM
2.19
0.67
0.71
3.15
0.49
0.74
0.46

P-value
<0.001
0.005
<0.001
<0.001
0.032
0.002
<0.001

abcdMeans

within a row lacking a common superscript differ (p < 0.05); C1: cherry kernel fermented with ATCC
52172, C2: cherry kernel fermented with ATCC 200345, C3: cherry kernel fermented with ATCC 9142, CK: nonfermented cherry kernel, SEM: standard error of means

TA level was higher in all groups than control
group. While there is an equal and highest TA
increase in groups C2 and C3, the increase in C1
group is less than that of the others. This result is
consistent with studies on cassava (Okpako et al.
2008), shea nut (Dei et al. 2008), pomegranate peel
and creosote bush leaves (Aguilar et al. 2008), but
inconsistent with a study on cassava (Aro, 2008) in
which the amount of TA was not changed. Increase
in TA level by fermentation may indicate that
mineral content has been increased. It can be
assumed that the enzymes produced by A. niger
cause the sour cherry to be hydrolyzed and the
mineral substances within it to become liberated

and therefore the increase in TA level is caused by
this. As a matter of fact, it has been reported that
the phytase secreted by A. niger increases the
phosphorus level of the substrate by releasing the
phosphorus bound in phytic acid form (Dei et al.
2008).
NFE level decreased in all groups compared to
control and the highest decrease was observed in
the C2 group. The decrease in the NFE may be due
to the degrading of sugars by the enzymes secreted
by A. niger for use as a carbon source (Oboh, 2006).
This result is in line with the fermentation studies
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on cassava (Aro, 2008, Okpako et al. 2008) and
pomegranate peel (Aguilar et al. 2008).
CF was increased in group C3 but remained the
same with the control group in C1, C2. CF was
decreased with A. niger fermentation in a study on
cassava (Okpako et al. 2008), while CF was
increased in studies on cassava (Aderemi and
Nworgu, 2007) and pomegranate peel and
creosote bush leaves (Aguilar et al. 2008) in parallel
with this work.
NDF and ADF were increased in all groups
compared to control, except NDF in C2 group. NDF
in C2 group remained the same as the control may
because of having the same CF level with the
control group. NDF and ADF decreased in
fermentation study on cassava (Aderemi and
Nworgu, 2007; Dei et al. 2008).
Conclusions
The protein, ash and cellulose contents of Cherry
kernel can be enhanced by Aspergillus niger solidstate fermentation. Thus, it is thought that cherry
kernel, a waste product, can be fermented for
increasing its protein and mineral content in
making an available feedstuff for animal feeding.
Besides, there has been a need to make advanced
animal experiments of this fermented product in
order to obtain more detailed information for
suggesting animal feding operations.
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