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ABSTRACT

This study was conducted to show that dietary supplementation of a fungus, Aspergillus awamori called Koji in Japan,

reduces skeletal muscle protein breakdown and stimulates growth in broiler chickens. A total of 30 chicks at 15 days of

age was divided into control and two treatment groups (10 birds per treatment). Control group was fed basal diet and

treatment groups were fed the basal diets supplemented with A. awamori at levels of 0.05% and 0.2%. The birds were

raised for 12 days from 15 to 27 days of age and then the effect on growth, organ weights and plasma 3-methylhistidine

concentration and digestibilities of protein and energy was evaluated. The messenger RNAs (mRNAs) of atrogin-1,

ubiquitin, proteasome, m-calpain, m-calpain, b-actin, myosin and pax-7 in the breast muscle were also measured. Body

weight gain and breast muscle weight were increased, although feed intake was decreased by the fungus and thus

feed efficiency was increased. Protein and energy digestibilities were increased. Furthermore, plasma 3-methylhistidine

concentration was decreased by the fungus. The mRNAs of atrogin-1, ubiquitin, proteasome, m-calpain and m-calpain were

all decreased. The mRNA of b-actin but not myosin and pax-7 was slightly increased by the fungus. In conclusion, feeding

A. awamori improves growth performance because skeletal muscle proteolytic activity is reduced and digestibilities of

energy and protein are increased.
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INTRODUCTION
Aspergillus awamori is a fungus called ‘Koji’ in Japan
and has long been used for food processing. The prod-
ucts processed by A. awamori are given GRAS (Gener-
ally Recognized as Safe) status from the Food and Drug
Administration (Bigelis & Lasure 1987). A. awamori is
used for processing Japanese food such as Shochu, a
traditional Japanese liquor. As it has been reported
that distillery by-product of Shochu contains an uni-
dentified growth factor for broiler chickens (Mahfudz
et al. 1996a,b, 1997), it is proven that A. awamori pro-
duces a growth promoter during fermentation. In
addition, Koji is well known to produce enzymes
enhancing digestion of carbohydrates and proteins
(Gracia et al. 2003). Thus, improving growth perfor-
mance by feeding A. awamori is probable. In fact,
Yamamoto et al. (2007) have reported that a fer-
mented product using A. awamori (Koji-feed) pro-
motes growth in broiler chickens. Also, Kamizono
et al. (2010) have reported that shochu distillery
by-product decreases gene expression of enzymes
responsible for regulating skeletal muscle protein

metabolism and stimulates growth in broiler chickens.
From these results, we thought that A. awamori might
stimulate growth in broiler chickens. To confirm this
assumption, we conducted an experiment to exa-
mine the effect of A. awamori on growth performance,
digestibility and skeletal muscle protein metabolism in
broilers. Many antibiotics have been used to promote
animal health and to improve utilization of nutrients
and growth performance in poultry (Babalola et al.
2006). However, there is strong public and govern-
mental concern about the increasing prevalence
of resistance to antibiotics in disease-causing bacteria
because many antibiotics now available to treat
human diseases will become ineffective in the
future (Casewell et al. 2003). So replacing antibiotics
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with probiotics is very important. Thus, the addi-
tional purpose of the present study was to evaluate
A. awamori as a probiotic.

MATERIALS AND METHODS
Animals and feed
The animal experiment was conducted in accordance with
the guidelines of Kagoshima University. Thirty one-day-old
male broiler chickens (Chunky strain) were supplied by
a commercial hatchery (Kumiai Hina Center, Kagoshima,
Japan). Chicks were housed in an electrically heated battery
brooder, and provided with water and commercial starter
diet (23% crude protein (CP) and 3081 kcal/kg metaboliz-
able energy(ME)) (Nichiwa Sangyou Company Kagoshima,
Japan) until 12 days of age. Then chicks were fed the basal
diet from 12 days of age to 15 days of age. The composition
of the basal diet (CP 22. 6%, ME 3081 kcal/kg) is shown
in Table 1. Chicks were divided into three groups (n = 10):
control and A. awamori groups with two levels of koji-mold
(0.05% and 0.2%). Koji-mold in A. awamori was made from
rice in the conventional manner. The koji was mixed in
the basal diet. The numbers of A. awamori spores given were
about 25 ¥ 104 and 10 ¥ 105/g feed for diets of 0.05 and 0.
2% groups, respectively. The birds were given the experi-
mental diets from 15 to 27 days of age. A. awamori was
prepared at Gen koji Research Institute (Kagoshima, Japan).
The experiment was conducted in a temperature-controlled
room with 14 h light and 10 h dark cycle. Room temperature
was kept at 25°C with relative humidity 50–70% throughout
the experiment.

Parameters measured
Body weight was recorded every 3 days and feed intake was
recorded daily during the experimental period. At the end of

the experimental period, the birds were slaughtered and
then dissected to measure the weights of breast muscles, liver
and abdominal fat. Blood samples were collected into hep-
arinized test tubes, quickly centrifuged at 5900 ¥ g for 10 min
at 4°C to separate plasma, and stored at -30°C until analysis.

The plasma 3-methylhistidine concentration was mea-
sured by high performance liquid chromatography (HPLC)
method according to Hayashi et al. (1987). Protein was mea-
sured by a macro-corder machine (J-Science Lab Co., Ltd,
Kyoto, Japan) and energy by a bomb calorie meter (Yoshida,
Tokyo, Japan). Total RNA was extracted from a piece of
pectoralis superficial muscle (about 100 mg) using an
RNeasy® Fibrous Tissue Mini Kit (Qiagen, Tokyo, Japan)
according to the manufacturer’s protocol. The RNA
concentration and purity were determined spectrophoto-
metrically using A260 and A280 values in a photometer
(BioPhotometer, Eppendorf, Hamburg, Germany). The ratio
of A260/A280 for all samples was between 1.8 and 2.0.
Complementary DNA (cDNA) was synthesized at 800 ng
RNA per 20 mL of reaction solution with PrimeScript® RT
reagent Kit (Perfect Real Time, Takara, Shiga, Japan) by the
Program Temp Control System PC320 (Astec, Fukuoka,
Japan), which was set at reverse transcription 37°C for
15 min, inactivation of reverse transcriptase at 85°C for 5 s,
and refrigeration at 4°C for 5 min. Real-time PCR primers
were prepared as previously described. Gene expression was
measured by real-time PCR using the 7300 Real Time PCR
system (Applied Biosystems, Foster City, CA, USA) with
SYBR® Premix Ex TaqTM (Perfect Real Time, Takara). The
thermal cycle was as follows: 1 cycle at 95°C for 10 s, and 60
cycles at 95°C for 5 s and 60°C for 31 s. Expression of
glyceraldehyde-3-phosphate dehydrogenase (GAPDH) mes-
senger RNA (mRNA) was used as an internal standard and
was not significantly different among the two experimental
groups. Gene expression results are shown as percentage of
the control value.

Statistical analysis
The differences among treatment groups and the control
group were analyzed by by GLM using SPSS Statistics 17.0
2008 (SPSS Inc., Chicago, IL, US). The significant differences
among means of treatments were compared by Duncan’s
new multiple-range test. P � 0.05 was set as limit of
significance.

RESULTS
Effects of A. awamori on body weight gain, feed
intake, feed conversion ratio, breast muscle weight,
digestibilities of protein and energy and plasma
3-methylhistidine concentration are summarized in
Table 2. A. awamori increased body weight gain signifi-
cantly (P < 0.05) when the level was 0.05% but not
at the level of 0.2%. Feed intake was decreased
(P < 0.01) in the 0.05% A. awamori group but not in
the 0.2% group. Thus, feed conversion ratio was sig-
nificantly decreased in the 0.05% group. The breast
muscle weights were significantly increased (P < 0.01)
in both treatment groups. Protein and energy digest-
ibilities were also significantly increased in both treat-
ment groups. Plasma 3-MH was decreased significantly
by A. awamori at both feeding levels.

Table 1 Composition and nutrient analysis of basal diet

Ingredients,% Diet

Corn 50.19
Alfalfa meal 2.64
Soybean meal 39.01
Corn oil 4.40
L-Lysine HC1 0.01
DL-methionine 0.18
Mineral† mix 3.31
Vitamin† mix 0.26
Calculated analysis

Crude protein, % 22.60
Metabolizable energy,
kcal/kg

3081

Ca, % 1.10
P, % 0.46
Na, % 0.26
Cl, % 0.25

†The mineral-vitamin permix supplied per kilogram of feed:
154 mg of Mn, 121 mg of Zn, 176 mg of Fe, 33 mg of Cu, 1.1 mg
of I, 0.7 mg of Se, 11.000 IU of vitamin A, 2.640 IU of vitamin D,
121 IU of vitamin E,12 mg of vitamin B12, 1.37 mg of retinol,
0.13 mg of cholecalciferol, 6.50 mg of riboflavin, 2.60 mg of
thiamine hydrochloride, 1.30 mg of pyridoxamine hydrochloride,
0.03 mg of cyanocobalamin, 10.40 mg of D-pantothenic acid,
26.00 mg of nicotinic acid, 1.05 mg of vitamin K3, 0.52 mg of
pteroylglutamic acid, 0.78 mg of choline chloride, 0.07 mg of
biotin, 2.54 g of sucrose.
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Figure 1 shows the effect of A. awamori on mRNA
concentrations of atrogin-1, ubiquitin, proteasome,
m-calpain and m-calpain. The mRNAs of atrogin-1,
ubiquitin, proteasome, m-calpain and m-calpain were
all decreased by the fungus. However, the effects on
atrogin-1 and m-calpain mRNAs were not statistically
significant. Figure 2 shows the effect of the A. awamori
on mRNA concentrations of b-actin, myosin and
pax-7. The mRNA of b-actin was increased by the
fungus. However, mRNAs of pax-7 and myosin were
not affected by A. awamori.

DISCUSSION
The major aim of the present study was to show
growth stimulation by A. awamori feeding and its
mechanism in broiler chickens. The improvement in
weight gain and feed efficiency due to Aspergillus may
be partially due to the increase in ME of the feed. Birds
do not produce enzymes such as cellulase and xyla-
nase which are required for the digestion of soluble
non-starch polysaccharides (NSPs). These enzymes
can be produced by Aspergillus and thus digestibility
might be improved by feeding A. awamori in the
present study. Both protein and energy digestibilities
were significantly increased by the fungus in the
present experiment. This is consistent with the results
of Yamamoto et al. (2005) indicating that Koji-feed
increases digestibility in broilers. Enzymes contained
in Koji might stimulate digestion and improve growth.
Saleh et al. (2005) have reported that exogenous
enzymes had potential to improve broiler perfor-
mance. Furthermore, Amsal et al. (1999) found that
A. awamori possesses the ability to digest raw starches.
These may be the reason for the efficient feed utiliza-
tion due to Aspergillus addition. It is also probable
that Aspergillus could improve nutritional quality of
soybean meal since trypsin inhibitor contained in
soybean is degraded by Aspergillus (Hong et al. 2004).

Breast muscle weight was increased (P < 0.05) by
the fungus. Yamamoto et al. (2007) also reported that
when broilers were fed on diets containing 0.05% and

Table 2 Effect of dietary Aspergillus awamori on body weight gain (BWG), feed intake (FI), feed conversion ratio (FCR),
breast muscle weight (BMW), protein and energy digestibilities and plasma 3-MH

Control A. awamori

0.05% 0.2%

Initial BW(g) 399 � 9 399 � 9 399 � 9
BWG (g/12 day) 691 � 40b 808 � 15a 704 � 33b

FI (g/12 day) 1197 � 36a 1057 � 37b 1098 � 26ab

FCR 1.7 � 0.14a 1.3 � 0.04b 1.5 � 0.05ab

BMW (g/100g BW) 23.9 � 1.1b 28.8 � 0.4a 27.3 � 1a

Protein Digestibility (%) 59 � 4.6b 75 � 4.1a 76 � 4.4a

Energy digestibility (%) 64 � 4b 74 � 3a 73 � 3a

Plasma 3-MH (m mol/ mL) 30.2 � 1.5a 15.8 � 1.1b 18.7 � 1.3ab

Values are expressed as means � SD; a–cMeans with different superscripts differ from each other significantly.

Figure 1 Effect of dietary Aspergillus awamori (0.05, 0.2%)
on mRNAs of atrogen-1 (A), ubiquitin (B), proteasome (C),
m-calpain (D) and m-calpain (E) contents in muscle.
Values are expressed as percentage of the control values
(means � SD); a–cMeans with different superscripts differ
from each other (P < 0.05).
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1% of Koji-feed, carcass weight was significantly
increased and the breast muscle weight tended to
increase. This seems to be due to a growth promoter
reported by Kamizono et al. (2010). The growth
promoting effect of the fungus can be explained by
the effect on plasma 3-methylhistidine concentration.
The plasma 3-methylhisitidine concentration was
decreased by the fungus, indicating a decreased rate of
skeletal muscle protein degradation. Measurement of
urinary 3-methylhisitidine excretion is widely used
as an index of muscle protein degradation, but it
is difficult to measure 3-methylhistidine excretion
in chickens. Thus, we used plasma 3-methylhisitidine
concentration to track changes in muscle protein deg-
radation as reported by Nagasawa et al. (1998).

Muscle mRNAs of atrogin-1, ubiquitin, proteasome,
m-calpain and m-calpain play roles in the control
of degradation of sarcoplasmic proteins. mRNAs of
ubiquitin, proteasome and m-calpain were significantly
decreased by the fungus and those of atrogin-1 and

m-calpain tended to decrease (Fig. 1). These results
support the idea that muscle growth promotion due to
A. awamori is caused by suppression of skeletal muscle
protein degradation. The present results are consistent
with the results of Kamizono et al. (2010), indicating
that Shochu distillery by-product reduces gene expres-
sions of enzymes responsible for skeletal muscle
protein breakdown. Proteasome is thought to play a
major role in the degradation of most sarcoplasmic
proteins, and calpain might play a significant role in
initiating muscle protein degradation by releasing
protein fragments for proteolysis of the ubiquitin–
proteasome system. Atrogin-1 was identified as a
muscle-specific E3 that was highly expressed in muscle
atrophy (Bodine et al. 2001; Gomes et al. 2001).
Calpains are a family of intracellular Ca2+-dependent
cysteine proteases that are ubiquitously expressed in
many cells and tissues (Suzuki et al. 1995). Two major
forms of calpains (m-calpain and m-calpain) are acti-
vated in the presence of micromolar and millimolar
Ca2+, respectively (Goll et al. 2003). They are het-
erodimers composed of a large catalytic subunit
(80 kDa) and a small regulatory subunit (30 kDa).
Smith and Dodd (2007) have reported that calpain
acts upstream of the ubiquitin-proteasome system
and m-calpain mRNA is scarcely expressed in the
muscle and liver in chicken. Expressions of mRNAs of
atrogin-1, ubiquitin, and m-calpain large subunit were
significantly decreased by A. awamori (Fig. 1), indicat-
ing that A. awamori decreased muscle protein break-
down. The mRNAs of b-actin, myosin and pax-7 were
all increased but only slightly by the fungus. These
genes are related to growth and development of
muscle fiber (Somi et al. 2006; Guobin et al. 2011).
These results support our idea that decreased skeletal
muscle protein breakdown is responsible for the
skeletal muscle growth stimulation due to A. awamori
feeding.

Conclusion
In conclusion, this study shows that feeding
A. awamori improves growth performance mainly due
to its effect on skeletal muscle protein breakdown and
could be used as an effective probiotic in broilers.
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