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ABSTRACT

Soybean milk waste (SMW) can be used as feedstuff, especially for poultry. The fermentation using Neurospora crassa
and Aspergillus ficuum enhances SMW usefulness. This study aimed to determine the effect of fermented soybean milk
waste (FSMW) with Neurospora crassa and Aspergillus ficuum in broiler feed for its performance. We used 100 2-days-
old broilers without separating males and females (unsexing). The treatment ration was prepared with a balance of 22%
CP and 3000kcal/kg ME. This study used a completely randomized block design with five treatments and four
replications. The treatment rations were 0, 15, 20, 25, and 30% fermented soybean milk waste. The parameters studied
were feed consumption, body weight, weight gain, FCR, nitrogen retention, carcass percentage, abdominal fat
percentage, and crude fiber digestibility. The results showed that feed consumption, body weight gain, feed conversion
rate, body weight, carcass percentage, abdominal fat percentage, nitrogen retention, and digestibility of crude fiber were
non-significantly (P>0.05) different from treatment 0, 15, 20 and 25% of FMSW in broiler feed. Treatment with 30% of
FMSW tended to decrease in all parameters. In conclusion, fermented SMW with Neurospora crassa and Aspergillus
ficuum in a 2:3 ratio can be used up to 25% in broiler rations.
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INTRODUCTION

The high feed cost is one of the main problems faced
by farmers, which comprises 70-80% of production costs.
It creates an imbalance between operating costs and
selling prices. Many imported poultry feed ingredients
such as corn, soybean, and fish meal also cause this
problem. Efforts to reduce production costs can be made
by increasing the availability of feed ingredients by
discovering alternative materials. Soybean milk waste is
an alternative solution that can be used as feed ingredients
in broiler ration.

SMW is a by-product of soymilk processing. Soy
milk contains 1.5, 1.8, and 3.4% carbohydrates, lipids, and
proteins, respectively, along with various micronutrients
(Zhu et al. 2020; Kumari et al. 2021). According to
Ciptaan et al. (2018), SMW contains high nutrition, such
as crude protein (24.76%), crude fiber (18.15%), crude
lipid (2.86%), ash (7.49%), calcium (0.087%), and
phosphorous (0.053%). The demand for soy milk is
increasing along with increasing public health awareness.

Soy milk is a low-cost non-dairy alternative with better
functional and nutritional properties. Despite having
reasonably high nutritional contents, the use of SMW is
only 6.2% in broiler rations (Mirnawati 2012).
Fermentation can increase the quality and palatability of
soymilk waste.

The fermentation process utilizes microbic enzymes
to convert complex organic compounds under aerobic and
anaerobic conditions into simple ones (Bartkiene et al.
2015; Mirnawati et al. 2022a) such as carbohydrates into
glucose, proteins into amino acids, and fats into fatty

acids), thus making them easily digestible by
livestock/poultry and reduce anti-nutrient substances
(Alshelmani et al. 2017; Ciptaan et al. 2022a).

Fermentation using microbes has recently been developed
as an economical method to increase the nutritional value
of broiler feeds (Yasar et al. 2020; Peng et al. 2022).
Neurospora crassa is a mold that is not just able to
produce cellulase enzymes but also produces carotenoids
which play a role in cholesterol reduction (Li et al. 2015).
A previous in vitro study by Zhou et al. (2019) showed
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that oligosaccharides from fermented SMW with
Neurospora crassa had potential probiotic properties.
Mirnawati (2012) stated that fermented SMW with
Neurospora crassa with the substrate (70% SMW + 30%
Bran) could increase crude proteins from 27.62 to
32.64%, reduce crude fiber from 13.81 to 10.88% and
crude fat from 6.95 to 4.29% with the ME content of
2767kcal/kg, but it just can be used 20% in broiler rations.
This problem could have been caused by high phytic acid
(2.98%), so the utilization of SMW in poultry ration is
limited (Ciptaan et al. 2018).

Phytic acid can form complexes with proteins, thus
reducing protein's availability. Phytic acid also reduces
the activity of enzymes such as pepsin, trypsin, and
amylase. Phytase is a robust cationic chelator and hurts
the bioavailability of essential micronutrients such as Ca,
Mg, Fe, and Zn (Rousseau et al. 2020; Sharma et al.
2021). Reducing phytate consumption is necessary,
especially if there is a potential deficiency of minerals in
the diet (Belmiro et al. 2020). Poultry lacks endogenous
phytase to hydrolyze phytic acid in their digestive tract.
For the hydrolyzed phytate in SMW, another fermentation
process is added by using a fungus (Aspergillus ficuum).
Aspergillus ficuum produces high phytase enzymes
(Cheng et al. 2012; Shahryar et al. 2018; Alshamiri et al.
2021; Jiao et al. 2021; Saeed et al. 2021; Jamil et al.
2022). Ciptaan et al. (2018) stated that substrate
fermentation (80% SMW + 20% Bran) with Aspergillus
ficuum yields 34.95% crude protein, 62.99% nitrogen
retention, crude fiber 11.01%, crude fiber digestibility
58.92%, cellulase activity 33.84U/mL, protease activity
11.10%U/mL and phytase activity 6.08U/mL%.

Fermentation of SMW with a combination of
Aspergillus ficuum and Neurospora crassa with a ratio of
3:2 has already been used by Ciptaan et al. (2018). This
combination has better results reported in the form of
crude protein (28.25%), crude fiber (13.77%), nitrogen
retention (61.16%), crude fat (1.15%), phytate
(0.119/100g), and carotenoids (4012mg/100g) of FSMW,
but its use in rations is yet limited. Based on the
description above, the present was designed to study the
effects of fermented SMW with combination of two
molds in broiler rations and probe the nutritional contents
of the formulated feeds.

MATERIALS AND METHODS

Ethical Approval and Experimental Birds

The Animal Ethics Committee of Andalas University,
West Sumatera, Indonesia, approved the study. This
study was carried out on 2-day-old unsexed 100 broiler
Cobb chicks procured from PT. Charoen Pokphand
Indonesia.

Preparation of Fermented Soybean Milk Waste

Soybean milk waste and rice bran are used as
substrates at a ratio of 80:20%, then mixed and sterilized
in an autoclave (121°C for 15min). This mixture was
placed at room temperature and mixed with 10%
inoculum (Neurospora crassa and Aspergillus ficuum in a
ratio of 2:3.

Subsequently incubated for ninth days with a
thickness of 2cm (Mirnawati 2012). After the ninth day,
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the fermented SMW was incubated (for how long and
what temperature) and placed in an oven at 60°C until
dry. After that, fermented SMW was made into powder
by grinding.

Experimental Design

The research design was completely randomized,
with five treatments and four replications. Treatments
were 0, 15, 20, 25, and 30% of fermented SMW in the
ration. Each replicate consisted of five broilers. The
experiment lasted for five weeks. The treatment ration
was formulated with a balanced ration content of 22%
crude protein and 3000kcal/kg metabolic energy (NRC
1994) and also recommended by Scott et al. (1982). The
composition of feed ingredients, nutritional content (%),
and metabolic energy (kcal/kg) of the treatment ration are
presented in Tables 1 and 2.

The following data were collected:

Feed consumption (g/head/week) = The feed given -
Leftover feed

Body weight gain (g/head/week) = Final weight - Initial
weight

Feed conversion (FCR) = Feed consumption /Body
weight gain.

Body weight (gram): Broilers were weighed after fasting
12h and then killed humanely.

Percentage of Carcass (%) = Carcass weight/Body weight
x 100%

Percentage of abdominal fat (%)
weight/Body weight x 100%

= Abdominal fat

Nitrogen Retention

Feed nitrogen retention was determined by reducing
the amount of N consumed by N contained in feces and
endogenous N, then divided by N consumed, calculated
by the following formula: Feed nitrogen retention = N
consumed - (N feces - N endogenous) / N consumed x
100%.

Table 1: Feed ingredients composition (%) in the treatment

Ingredients  of  Treatment ration (Levels of soybean milk
feed waste fermented)

0% 15% 20% 25% 30%
Commercial CP 12 12 12 12 12
511 ration
Yellow Corn 527 451 42.4 39.7 37.0
Soybean Meal 203 124 9.8 7.2 4.7
FSMW 0 15 20 25 30
Fish meal 14 14 14 14 14
Coconut oil 0.5 1 1.3 16 1.8
Top Mix 0.5 0.5 0.5 0.5 0.5
Total 100 100 100 100 100

Table 2: Nutritional content (%) and metabolic energy (kcal/kg)
of the treatment ration

Food Treatment ration (Levels of soybean milk
Substances waste fermented)

0% 15% 20% 25% 30%
Crude Protein 22.02 22.00 22.00 2200 22.04
Crude Lipid 3.01 3.33 3.56 3.80 3.94
Crude Fiber 3.08 4.69 5.23 5.76 6.30
Calcium 117 1.18 1.19 1.19 1.19
Phosphorous 0.63 0.60 0.60 0.59 0.58
EM 3007.6 3001.6 3006.2 3010.8 3009
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Table 3: Effect of FSMW on feed consumption, body weight gain, feed conversion rate, body weight, crude protein, abdominal fat
percentage, nitrogen retention and digestibility of crude fiber in broiler.

Parameter Treatment ration (Levels of fermented soybean milk waste)

0% 15% 20% 25% 30%
FC (g/head) 488.86 a 486.84a 483.19a 480.97a 471.13b
BWG (g/head) 247.79a 243.04a 240.73a 238.90a 208.11b
FCR 1.99a 2.00a 2.01a 2.02a 2.27b
BW (g/head) 1386.55a 1363.20ab 1352.14hc 1344.36¢ 1189.8d
CP (%) 67.37ab 68.21a 68.55a 67.67a 65.62b
AFP (%) 1.34 1.24 1.24 1.23 1.16
NR (%) 56.43a 56.07a 55.71a 55.36a 51.76b
PDF (%) 50.67a 49.59a 49.03a 48.95a 43.85b

Values bearing different alphabets in a row differ significantly (P<0.01).

FC=Feed Consumption, BWG=Body Weight Gain,

FCR=Feed Conversion Rate, BW=Body Weight, CP=Crude Protein, AFP=Abdominal Fat Percentage, NR=Nitrogen Retention, and

DCF=Digestibility of Crude Fiber.

Digestibility of Crude Fiber Feed

Digestibility of crude fiber was determined by
reducing the amount of crude fiber consumed with crude
fiber contained in the feces, with the following
calculation:
Digestibility of crude fiber feed = Consumption of crude
fiber - Crude fiber of feces/consumption of crude fiber x
100%

Statistical Analysis

Data thus collected were analyzed with analysis of
Variance (ANOVA) through Statistics Systems Analysis
(SAS, 1986). Duncans Multiple Range Test (DMRT) was
used to determine treatment differences (Steel and Torrie
1991).

RESULTS AND DISCUSSION

The effect of fermented soybean milk waste (SMW)
ration treatment with Neurospora crassa and Aspergillus
ficuum (FSMW) is shown in Table 3. The feed
consumption (FC), body weight gain (BWG), feed
conversion rate (FCR), body weight (BW), carcass
percentage (CP), abdominal fat percentage (AFP),
nitrogen retention (NR), and digestibility of crude fiber
(DCF) were non-significantly different (P>0.05) from
treatment 0, 15, 20and 25% of FMSW in broiler ration.
At the same time, treatment with 30% of FMSW tended to
decrease in all parameters.

Feed Consumption (FC)

There was a non-significant (P>0.05) difference of
treatment with 0, 15, 20, and 25% FSMW on the
consumption of broiler rations because SMW fermented
with Neurospora crassa and Aspergillus ficuum probably
increased the digestibility of various nutrients and
palatability of feed thus livestock prefer this type of
ration. These results were in accordance with what was
conveyed by Behera et al. (2016), who stated that
fermentation could improve the quality and nutrients, for
example, amino acids, nitrogen, and crude fiber, and also
increases the palatability of feed (Shahowna et al. 2013;
Mirnawati et al. 2019).

The average feed consumption obtained by FSMW
treatment up to the 25% level ranged from 471.13-
488.86g/head/week. These results were lower than the
reported consumption of a ration of fermented palm
kernel cake with Sclerotium rolfsii up to 25% level and
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obtained average consumption of 2296.36g/head or
459.3g/head/week (Mirnawati et al. 2018).

A decrease in feed consumption with 30% FSMW
could be the color of the treated ration as treatment R5
had the darkest color, so broilers less preferred it
compared to other treatments. The fermentation process
caused the darker color with blackish brown Aspergillus
ficuum fungi, which dominates more than the Neurospora
crassa in orange while making the product. Situmorang
et al. (2013) stated that the dark color of the ration causes
a decrease in palatability because chickens prefer bright-
colored rations. According to Borrelli et al. (2017), a
decrease in feed intake can be affected by the dark color
and undesirable flavor of feed.

Body Weight Gain (BWG)

Fermented SMW with a level of 25% in the feed
showed the same BWG as in the control group. It was
also observed that the increase of SMW to 30% rendered
decreased body weight; this could be due to the low
nitrogen retention resulting in lower body weight gain.
These findings were in accordance with the results stated
by Kidd et al. (2016); they reported the influence between
nitrogen detected in livestock on body weight gain, so the
growth can be potentially predicted by calculating
nitrogen retention.

Decreased weight gain in broiler chickens at 30%
SMW could be due to decreased consumption of feed,
thus resulting in lower body weight gain. These results
were in accordance with the findings of Niu et al. (2017)
and Mirnawati et al. (2020). According to them, ration
consumption affects body weight gain, and if feed
consumption is disturbed, livestock growth will not be
optimal.

The average body weight gain obtained using 25%
FSMW ranged from 208.11 to 247.79g/head/week. These
results were lower than previously reported by Mirnawati
et al. (2018). They used fermented palm kernel cake with
Sclerotium rolfsii at a 25% level, resulting in an average
body weight gain of 257.7 to 288.5 g/head/week.

Feed Conversion Rate (FCR)

The feed conversion ratio was not significantly
(P>0.05) different in 0, 15, 20, and 25% treatments which
could have occurred as feed consumption and weight gain
did not have a significant difference. This was in
accordance with the opinions expressed by Stefanello et
al. (2015), who stated that high or low FCR is influenced
by feed consumption and weight gain.



FSMW to 30% level in feed showed non-significant
(P>0.05) FCR difference among all treatments. The use
of 30% FSMW could lower feed consumption and BWG
ultimately affecting FCR as explained by Truong et al.
(2017).

Body Weight

Using 0, 15, 20, and 25% FSMW in the broiler feed
rendered the same body weight. Fermented products have
good quality and digestibility (Yeniceri et al. 2021;
Mirnawati et al. 2022; Ciptaan et al. 2022a, 2022b); this
could be a possible reason that the body weight matched
that of the control group. Low body weight using 30%
FSMW could be due to low nitrogen retention. This is
supported by the findings of (Gomide et al. 2011) that the
amount of nitrogen detected in the body is associated with
weight gain. Therefore nitrogen retention can help predict
growth.

Carcass Percentage (CP)

In the present study, the low carcass percentage with
the treatment of 30% FSMW could be due to the low
weight of the carcass. Londok et al. (2017) explained that
carcass percentage is strongly related to body weight and
carcass weight. The percentage of carcass obtained in the
present study was 67%, which was lower than the 76%
reported by Mirnawati et al. (2022) using Phanerochaete
chrysosporium and Neurospora crassa in palm oil sludge
fermentation. The difference between the two studies
could be that Mirnawati et al. (2022) used different
combinations of organisms for the fermentation of palm
oil sludge.

Abdominal Fat Percentage (AFP)

Using 30%, FSMW did not show any significant
(P>0.05) effect on abdominal fat percentage in broilers as
compared to control and other treatment groups. The
rations in this study were prepared with iso energy;
therefore, accumulated energy in the body was the same,
and thus, body fat was formed the same. Fat
accumulation occurs due to excess energy consumed.
Pratiwi et al. (2016) suggested that the feed's level of
energy and amino acids caused the different percentages
of abdominal fat.

There was no apparent difference in abdominal fat in
0, 15, 20, 25, and 30% of FSMW treatments as the
broilers were five weeks old. At the age of 7-8 weeks,
fatty tissue is formed, especially abdominal fat. Pahlepi et
al. (2015) said that energy consumption is usually stored
in the fat; thus, abdominal fat is increased in chicken.
Ciptaan et al. (2021), who used fermented soybean milk
waste with Aspergillus ficuum, got abdomen fat to be
1.73-1.83.

Nitrogen Retention (NR)

FSMW at 0, 15, 20, and 25% in the broiler rations
provided the same nitrogen retention as the control group
in the present study. This could be due to the low crude
fiber content in the feed so that the utilization of protein is
more optimal. While the decrease in nitrogen retention
could be due to the high crude fiber in the R5 treatment
(30% FSMW), so the low utilization of protein resulted in
low nitrogen retention. This was in accordance with the
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findings of Kaczmarek et al. (2014), who narrated that
crude fiber in the ration significantly affects the
absorption of other nutrients, such as protein, so that it
affects nitrogen retention. The nitrogen retention found in
this study was lower than the results reported by Ciptaan
et al. (2022). They reported 61.16% nitrogen retention
using FSMW with Aspergillus ficuum and Neurospora
crassa with a ratio of 3:2.

Digestibility of Crude Fiber (DCF)

The digestibility of crude fiber was not significantly
affected between the first four treatments in the present
study. These results were in accordance with the findings
of Gonzalez-Alvarado et al. (2007), who reported that
broilers need fiber in feed necessary to stimulate the
digestive tract and improve digestion or absorption of
nutrients. The low DCF in the R5 treatment (30%
FSMW) could be due to the high crude fiber contents in
the ration, affecting digestibility. Gonzalez-Alvarado et
al. (2008) stated that high crude fiber in poultry rations
could reduce digestibility. The digestibility of crude fiber
in the present study was lower than the result obtained by
Ciptaan et al. (2022a). They used FSMW with the
combination of A. ficuum and N. crassa in a ratio of 3:2
and got 58.76% DCF.

Conclusion

In this experiment, fermented soybean milk waste
utilizing Aspergillus ficuum and Neurospora crassa were
used in various combinations in broiler rations. Based on
the results obtained, it was concluded that a 25% level of
SMW, when mixed in broiler feed, gave the best results in
the form of feed consumption (480.97g/head/week), body
weight gain (238.90g/head/head in a week) and FCR
(2.02). The body weight (1344.36g/head), carcass
percentage (67.67%), abdominal fat (1.23%), nitrogen
retention (55.36%), and digestibility of crude fiber
(48.95%) were also better as compared to other levels of
SMW.

Acknowledgment

This research was supported financially by the funds
provided by BOPTN Andalas University, number/29/
UN.16.17/PT.01.03/RD-KetahananPangan/2019,  dated:
15 July 2019. Thank you for the honor of collaborating
with everyone involved in this project.

Author’s Contribution

Harnentis was in charge of supervising the
experiment and writing the original script. Qurrata Aini,
Kadran  Fajrona, Gita Ciptaan and Mirnawati
experimented and analyzed the data. Anifah Srifani
finalize manuscript.

REFERENCES

Alshamiri MMA, Ali SAM, Abdalla HO and Ahmed HB, 2021.
The effect of supplementing different levels of phytase
enzyme on performance, some carcass properties and
economics of broiler chickens. Agrobiological Records 4:
14-22. https://doi.org/10.47278/ journal.abr/2020.025

Alshelmani MI, Loh TG, Foo HL, Sazili AQ and Lau WH, 2017.
Effect of solid-state fermentation on nutrient content and



https://doi.org/10.47278/%20journal.abr/2020.025

ileal amino acids digestibility of palm kernel cake in broiler
chickens. The Indian Journal of Animal Sciences 87: 1135-
1140.

Bartkiene EV, Krungleviciute G, Juodeikiene D, Vidmantiene Z
and Maknickiene, 2015. Solid state fermentation with lactic
acid bacteria to improve the nutritional quality of lupin and
soya bean. Journal of the Science of Food and Agriculture
95: 1336-1342. https://doi.org/10.1002/jsfa.6827

Behera SS and Ray RC, 2016. Solid state fermentation for
production of microbial cellulases: recent advances and
improvement strategies. International Journal of Biological
Macromolecules 86: 656-669. https://doi.org/10.1016/
j.ijbiomac.2015.10.090

Belmiro RH, Tribst AAL and Cristianini M, 2020. Effects of
high pressure processing on common beans (Phaseolus
vulgaris L.): Cotyledon structure, starch characteristics, and
phytates and tannins contents. Starch-Starke 72: 1900212.
https://doi.org/10.1002/star.201900212

Borrelli L, Coretti L, Dipineto L, Bovera F, Menna F, Chiariotti
L, Nizza A, Lembo F and Fioretti A, 2017. Insect-based
diet, a promising nutritional source, modulates gut
microbiota composition and SCFAs production in laying
hens. Scientific Reports 7: 16269. https://doi.org/10.1038/
§41598-017-16560-6

Cheng CW, Chen CK, Chang CJ and Chen LY, 2012. Effect of
colour LEDs on mycelia growth of Aspergillus ficuum and
phytase production in photo-fermentations. Journal of
Photochemistry ~ and  Photobiology =~ 106:  81-86.
https://doi.org/10.1016/j.jphotobiol.2011.10.008

Ciptaan G, Mirnawati and Djulardi A, 2018. Improving the
quality of soymilk pulp through fermentation as feed
ingredients to produce low cholesterol poultry products.
The research report is the professor's research cluster.
Number 19 / UN. 16. 17 / PP. PGB / LPPM / 2018. Faculty
of Animal Husbandry, Andalas University.

Ciptaan G, Mirnawati and Djulardi A, 2021. Utilization of
fermented soy-milk waste with Aspergillus ficuum in
broiler ration. IOP Conference Series: Earth and
Environmental Science 709: 012044. https://doi.org/
10.1088/1755-1315/709/1/012044

Ciptaan G, Mirnawati, Aini 1 and Makmur M, 2022a. Nutrient
content and quality of soybean milk waste fermented by
Aspergillus ficuum and Neurospora crassa. Online Journal
of Animal and Feed Research 12: 240-245.
https://dx.doi.org/10.51227/ojafr.2022.32

Ciptaan G, Mirnawati, Ferawati and Makmur M, 2022b. The
effect of fermented palm kernel cake layer quail rations on
production  performance and  eggshell  thickness.
International Journal of Veterinary Science 11(3): 400-403.
https://doi.org/10.47278/journal.ijvs/2021.108

Gomide EM, Rodrigues PB, Zangeronimo MG, Bertechini AG,
Santos LM and Alvarenga RR, 2011. Nitrogen, calcium and
phosphorus balance of broilers fed diets with phytase and
crystalline amino acids. Ciéncia e Agrotecnologia 35: 591—
597. https://doi.org/10.1590/S1413-70542011005000003

Gonzalez-Alvarado JM, Jiménez-Moreno E, Lazaro R and
Mateos GG, 2007. Effect of type of cereal, heat processing
of the cereal, and inclusion of fiber in the diet on productive
performance and digestive traits of broilers. Poultry Science
86: 1705-1715. https://doi.org/10.1093/ps/86.8.1705

Gonzalez-Alvarado JM, Jiménez-Moreno E, Valencia DG,
Léazaro R and Mateos GG, 2008. Effects of fiber source and
heat processing of the cereal on the development and pH of
the gastrointestinal tract of broilers fed diets based on maize
or rice. Poultry Science 87: 1779-1795. https://doi.org/
10.3382/ps.2008-00070

Jiao P, Yuan WY, Zhao HD, Qu J, Wang PW, Guan SY and Ma
YY, 2021. Construction of a new plant expression vector
and the development of maize germplasm expressing the
Aspergillus ficuum phytase gene PhyA2. Genetic Resources

597

Int J Vet Sci, 2023, 12(4): 593-598.

and Crop Evolution 68: 1103-1115.
10.1007/s10722-020-01052-w

Jamil M, Khatoon A, Saleemi MK, Aleem MT, Bhatti SA,
Abidin ZU, Imran M, Naseem MN, Nawaz MY, Tahir
MW, Sultan A, Waheed N, Wang N and Alsayegh AF,
2022. Mycotoxins prevalence in poultry industry and its
preventive strategies. In: Abbas RZ, Khan A, Liu P and
Saleemi MK (eds), Animal Health Perspectives, Unique
Scientific Publishers, Faisalabad, Pakistan 2: 190-200.
https://doi.org/10.47278/book.ahp/2022.59

Kaczmarek SA, Rogiewicz A, Mogielnicka M, Rutkowski A,
Jones RO and Slominski BA, 2014. The effect of protease,
amylase, and nonstarch polysaccharide-degrading enzyme
supplementation on nutrient utilization and growth
performance of broiler chickens fed corn-soybean meal-
based diets. Poultry Science 93: 1745-1753. https://doi.org/
10.3382/ps.2013-03739

Kidd MT and Tillman PB, 2016. Key principles concerning
dietary amino acid responses in broilers. Animal Feed
Science and Technology 221: 314-322. https://doi.org/
10.1016/j.anifeedsci.2016.05.012

Kumari M, Kokkiligadda A and Dasriya V, 2021. Functional
relevance and health benefits of soymilk fermented by
lactic acid bacteria. Journal of Applied Microbiology 133:
104-119. https://doi.org/10.1111/jam.15342

Li X, Chomvong K, Yu VY, Liang JM, Lin YP and Cate JHD,
2015. Cellobionic acid utilization: from Neurospora crassa
to Saccharomyces cerevisiae. Biotechnology for Biofuels
and Bioproducts 8: 120. https://doi.org/10.1186/s13068-
015-0303-2

Londok JJIMR, Rompis JEG and Mangelep C, 2017. The quality
of broiler carcasses fed with rations contains mustard waste.
Zootek Journal 37: 1-7. https://doi.org/10.35792/z0t.37.
1.2017.13501

Mirnawati, 2012. Utilization of soybean meal waste as
substitution for soybean meal protein in broiler ration.
Proceedings of Poultry International Seminar 2012. pp:
209-214.

Mirnawati, Djulardi A and Marlida Y, 2013. Improving the
quality of palm kernel cake through fermentation by
Eupenicillium javanicum as poultry ration. Pakistan Journal
of Nutrition 12: 1085-1088. https://doi.org/10.3923/
pjn.2013.1085.1088

Mirnawati, Djulardi A and Ciptaan G, 2018. The effect of palm
kernel cake fermentation with Sclerotium rolfsii by adding
humic acid in broiler diets. Indian Journal of Animal
Research 52 :882-886. https://doi.org/10.18805/ijar.B-864

Mirnawati, Ciptaan G and Ferawati, 2019. Improving the quality
and nutrient content of palm kernel cake through
fermentation with Bacillus subtillis. Livestock Research
and Rural Development 31.

Mirnawati, Ciptaan G and Ferawati, 2020. Broiler performance
on diet contain palm kernel meal fermented with Bacillus
subtillis. Livestock Research and Rural Development 32.

Mirnawati, Ciptaan G, Djulardi A and Makmur M, 2022. Broiler
response to the utilization of fermented palm oil sludge
with Phanerochaeta chrysosporium and Neurospora
crassa. International Journal of Veterinary Science 11: 215-
220. https://doi.org/10.47278/journal.ijvs/2021.089

Niu Y, Wan XL, Zhang XH, Zhao LG, He JT, Zhang JF, Zhang
LL and Wang T, 2017. Effect of supplemental fermented
Ginkgo biloba leaves at different levels on growth
performance, meat quality, and antioxidant status of breast
and thigh muscles in broiler chickens. Poultry Science 96:
869-877. https://doi.org/10.3382/ps/pew313

NRC, 1994. Nutrients Requirements of Poultry 14"Ed. National
Academy Press, Washington, D.C, USA.

Pahlepi R, Hafid H and Indi A, 2015. Final weight percentage of
carcass and abdominal fat of broiler chickens by giving

https://doi.org/



https://doi.org/10.1002/jsfa.6827
https://doi.org/10.1016/%20j.ijbiomac.2015.10.090
https://doi.org/10.1016/%20j.ijbiomac.2015.10.090
https://doi.org/10.1002/star.201900212
https://doi.org/10.1038/%20s41598-017-16560-6
https://doi.org/10.1038/%20s41598-017-16560-6
https://doi.org/10.1016/j.jphotobiol.2011.10.008
https://doi.org/%2010.1088/1755-1315/709/1/012044
https://doi.org/%2010.1088/1755-1315/709/1/012044
https://dx.doi.org/10.51227/ojafr.2022.32
https://doi.org/10.47278/journal.ijvs/2021.108
https://doi.org/10.1590/S1413-70542011005000003
https://doi.org/10.1093/ps/86.8.1705
https://doi.org/%2010.3382/ps.2008-00070
https://doi.org/%2010.3382/ps.2008-00070
https://link.springer.com/journal/10722
https://link.springer.com/journal/10722
https://doi.org/%2010.1007/s10722-020-01052-w
https://doi.org/%2010.1007/s10722-020-01052-w
https://doi.org/10.47278/book.ahp/2022.59
https://doi.org/%2010.3382/ps.2013-03739
https://doi.org/%2010.3382/ps.2013-03739
https://doi.org/%2010.1016/j.anifeedsci.2016.05.012
https://doi.org/%2010.1016/j.anifeedsci.2016.05.012
https://doi.org/10.1111/jam.15342
https://doi.org/10.1186/s13068-015-0303-2
https://doi.org/10.1186/s13068-015-0303-2
https://doi.org/10.35792/zot.37.%201.2017.13501
https://doi.org/10.35792/zot.37.%201.2017.13501
https://doi.org/10.3923/%20pjn.2013.1085.1088
https://doi.org/10.3923/%20pjn.2013.1085.1088
https://www.researchgate.net/journal/0367-6722_Indian_Journal_of_Animal_Research
https://www.researchgate.net/journal/0367-6722_Indian_Journal_of_Animal_Research
https://doi.org/10.18805/ijar.B-864
https://doi.org/10.47278/journal.ijvs/2021.089
https://doi.org/10.3382/ps/pew313

betel leaf extract (Piper betle L.) in drinking water. Journal
of Tropical Animal Science and Technology 2(3): 1-7.
http://dx.doi.org/10.33772/jitro.v2i3.3801

Peng W, Talpur MZ, Zeng Y, Xie P, Li J, Wang S, Wang L, Zhu
X, Gao P, Jiang Q and Shu G, 2022. Influence of fermented
feed additive on gut morphology, immune status, and
microbiota in broilers. BMC Veterinary Research 18: 218.
https://doi.org/10.1186/s12917-022-03322-4

Pratiwi M, Pagala MA, and Aku AS, 2016. Production of
carcass and abdominal fat of broiler chicken cobb strain and
Lohman strain fed different feeds. Jurnal llmu dan
Teknologi Peternakan Tropis 1. 1-6. https://doi.org/
10.33772/jitro.v3i1.986

Rousseau S, Pallares AP, Vancoillie F, Hendrickx M and
Grauwet T, 2020. Pectin and phytic acid reduce mineral
bioaccessibility in cooked common bean cotyledons

regardless of cell wall integrity. Food Research
International  137:  109685.  https://doi.org/10.1016/.
foodres.2020.109685

Saeed NM, Dyary HO, Ahmad CO and Arif ED, 2021. Chapter
27: Foodborne Microorganisms. In: Abbas RZ and Khan A
(eds), Veterinary Pathobiology and Public Health, Unique
Scientific Publishers, Faisalabad, Pakistan, pp: 317-330.
https://doi.org/10.47278/book.vpph/2021.027

Scott ML, Nesheem MC and Young RJ, 1982. Nutrition of the
Chicken. 3 Ed, Ithaca, New York.

Sharma S, Kumar LHDA, Muthamilarasan M and Tyagi A,
2021. An insight into phytic acid biosynthesis and its
reduction strategies to improve mineral bioavailability.
Nucleus https://doi.org/65. 10.1007/s13237-021-00371-2

Steel RGD and Torrie JH, 1995. Statistics Principles and
Procedures of a Biometric Approach (Translation:
Bambang Sumantri). PT. Gramedia, Jakarta.

Shahowna EM, Mahala AG, Mokhtar AM, Amasaib EO and
Attaelmnan B, 2013. Evaluation of nutritive value of sugar
cane bagasse fermented with poultry litter as animal feed.
African Journal of Food Science and Technology 4: 106-109.

Situmorang NA, Mahfudz LD and Atmomarsono U, 2013. The
effect of Gracilaria verrucosa seaweed flour in the ratio on

598

Int J Vet Sci, 2023, 12(4): 593-598.

the efficient use of broiler chicken protein. Animal
Agriculture Journal 2: 49-56.

Stefanello C, Vieira SL, Santiago GO, Kindlein L, Sorbara JOB
and Cowieson AJ, 2015. Starch digestibility, energy
utilization and growth performance of broilers fed corn-
soybean basal diets supplemented with enzymes. Poultry
Science 94: 2472-2479. https://doi.org/10.3382/ps/pev244

Shahryar Z, Fazaelipoor MH, Setoodeh P, Nair RB, Taherzadeh
MJ and Ghasemi Y, 2018. Utilization of wheat straw for
fungal phytase production. International Journal of
Recycling of Organic Waste in Agriculture 7: 345-355.
https://doi.org/10.1007/s40093-018-0220-z

Truong HH, Moss FA, Liu YS and Selle PH, 2017. Pre- and
post-pellet whole grain inclusions enhance feed conversion
efficiency, energy utilisation and gut integrity in broiler
chickens offered wheat-based diets. Animal Feed Science
and Technology 224: 115-123. http://dx.doi.org/10.1016/
j.anifeedsci.2016.12.001

Yasar S, Tosun R and Sonmez Z, 2020. Fungal fermentation
inducing improved nutritional qualities associated with
altered secondary protein structure of soybean meal
determined by FTIR spectroscopy. Measurement 161:
107895.  https://doi.org/10.1016/j.measurement.2020.107
895

Yeniceri M, Gl Filik A and Filik G, 2021. The effect of olive
wastes for poultry feed on growth performance of broilers:
A review. Journal of Global Innovations in Agricultural
Sciences  9(4):  163-166.  https://doi.org/10.22194/
JGIAS/9.963

Zhu YY, Thakur K, Feng JY, Cai JS, Zhang JG, Hu F and Wei
Z], 2020. B-vitamin enriched fermented soymilk: A novel
strategy for soy-based functional foods development.
Trends in Food Science and Technology 105: 43-55.
https://doi.org/10.1016/j.tifs.2020.08.019

Zhou R, Ren Z, Ye J, Fan Y, Liu X, Yang J, Deng Z and Li J,
2019. Fermented soybean dregs by Neurospora crassa: a
traditional prebiotic food.  Applied Biochemistry and
Biotechnology 189: 608-625. https://doi.org/10.1007/
512010-018-02931-w



http://dx.doi.org/10.33772/jitro.v2i3.3801
https://doi.org/10.1186/s12917-022-03322-4
https://doi.org/%2010.33772/jitro.v3i1.986
https://doi.org/%2010.33772/jitro.v3i1.986
https://doi.org/10.1016/j.%20foodres.2020.109685
https://doi.org/10.1016/j.%20foodres.2020.109685
https://doi.org/10.47278/book.vpph/2021.027
https://doi.org/65.%2010.1007/s13237-021-00371-2
https://doi.org/10.3382/ps/pev244
https://doi.org/10.1007/s40093-018-0220-z
http://dx.doi.org/10.1016/%20j.anifeedsci.2016.12.001
http://dx.doi.org/10.1016/%20j.anifeedsci.2016.12.001
https://doi.org/10.1016/j.measurement.2020.107%20895
https://doi.org/10.1016/j.measurement.2020.107%20895
https://doi.org/10.22194/%20JGIAS/9.963
https://doi.org/10.22194/%20JGIAS/9.963
https://doi.org/10.1016/j.tifs.2020.08.019
https://doi.org/10.1007/%20s12010-018-02931-w
https://doi.org/10.1007/%20s12010-018-02931-w

