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Abstract: The nutrient digestibility and the metabolizable energy (AME) of 
Acacia mangium leaf (AM) and yeast-fermented AM (YFAM) by Japanese quails 
were investigated. Fifty-four of 4-weeks-old Japanese quails were divided into 3 
groups with six replications of three quails. Each quail was randomly fed with 
an experimental diet composed of dextrose (protein-free diet for determining 
endogenous excretion) 40 % AM and 40% YFAM. The quails were raised 
individually in a metabolic cage, where feed and water were provided ad-libitum. 
Both feed intake and feces weight were recorded. Experimental diets and excreta 
were sampled and subjected to proximate analysis for gross energy. The results 
of nutrient composition indicated that the fermentation AM with yeast highly 
significantly increased (P<0.01) dry matter (DM), ash, and nitrogen-free 
extractives (NFE) content but decreased (P<0.01) crude protein (CP), crude fiber 
(CF), and gross energy (GE) content. In addition, the birds fed dietary YFAM 
compared with AM showed significantly increased (P≤0.01) DM, organic matter 
(OM), CP, and GE digestibility but decreased (P≤0.01) EE and CF digestibility. 
The protein utilization of birds fed dietary YFAM showed significantly greater 
(P≤0.01) FI, protein retained, protein intake, net protein utilization (NPU), and 
AME than those fed dietary AM. In conclusion, the fermentation of AMLM with 
yeast improved nutrient composition and enhanced the digestibility of 
nutrients, protein utilization, and AME of AMLM in Japanese quail. 

Keywords: Acacia mangium Leaf; Japanese Quail; Amino Acid; Digestibility; 
Metabolizable Energy 

1. Introduction 
Japanese quail also is the smallest avian species farmed for meat and egg 

production. Several aspects account for the utility of this bird. First, it has 
attained economic importance as an agricultural species producing eggs and 
meat that are enjoyed for their unique flavor. Second, the low maintenance cost 
associated with its small body size (80-300 g) coupled with its short generation 
interval (3-4 generations per year), disease resistance, and high egg production. 
Egg production is important in Japan and Southeast Asia, while meat is the main 
product in Europe, India, and Nigeria [1].  

An accurate feed formulation is essential for optimizing feed efficiency 
and minimizing feed costs for poultry production. Because energy and amino 
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acid (AA) account for the major cost of poultry diets, determining the availability of energy and AA in 
feedstuffs is essential for accurate diet formulations [2]. In contrast, feed cost is approximately 65-70% of the 
total cost of poultry production [3].  High feed costs and competition between humans and poultry for 
food/feed resources [4,5] hinder the growth of the poultry production industry in most developing countries, 
Hence the necessity to explore the use of non-convention feed resources, especially those that do not attract 
competition between humans and monogastric animal [6]. Leaf meal from the Acacia mangium tree is one 
resource. An exotic and fast-growing tree can be used for furniture, sawn wood, pulp, and paper [7]. The 
waste, such as residual wood, branches/twigs, leaves, and bark, accounts for more than 60 % of the total 
biomass [8]. Acacia mangium leaves contain 14% CP, 2.15 % EE, 39.81 NFE, and 26.4 % CF [9], which can be 
used for ruminant animals [10,11]. It’s possible to support broiler growth, optimum inclusion levels of Acacia 
mangium leaf meal (AMLM) in support growth without adverse effects on growth performance have been 
established at 5% in starter chicks and 10% in grower-finisher chicks [12]. The utilization of AMLM in poultry 
diets must be limited due to its high fiber content and anti-nutritional factors. For this reason, processes for 
upgrading the nutrient value of AMLM using microbial fermentation by-products may be a substitute to 
improve the nutrient availability of by-products [13]. 

Yeast is mainly used in single-cell protein (SCP) production [14], such as Saccharomyces cerevisiae, one 
of the most widely commercialized types of yeast. This is used in the diet of poultry because of its rapid growth 
rate and high efficiency in converting carbon sources into protein [15]. Fermentation of AMLM with Baker’s 
yeast (Saccharomyces cerevisiae) could be one of the best solutions to enriching its nutritional value. During 
fermentation yeast requires some nutrients (carbon, nitrogen, trace mineral, and vitamins) to increase in the 
fermentation medium. The lack of these nutrients hinders their activity which hampers the beneficial effects 
of the fermentation technique [16]. Starch and molasses could serve as a carbon source in the fermentation 
system, while urea could supply nitrogen for yeast cell synthesis, which helps the yeast to perform a proper 
function in the fermentation system [17-18]. Yeast and yeast products produced from agro-industrial by-
products are rich in protein contents [19]. Furthermore, live yeast addition to animal feed has been known to 
improve the nutritional quality of feed, nutrient digestibility [20], and performance of animals [21]. However, 
there is no information about the effects of AMLM and fermented AMLM on Japanese quails' digestive and 
metabolic processes. Thus, this study aimed to determine the chemical composition, amino acid profile, and 
metabolizable energy of Acacia mangium leaf meal (AM) and fermented Acacia mangium leaf meal (YFAM) in 
Japanese quail. 

2. Materials and Methods 
2.1 Sample  preparation 

 Fresh acacia mangium leaves were harvested from one-year-old acacia mangium tree stands in the 
KMITL PCC forest in Chumphon province, Thailand. Whole fresh leaves were separated from a branch about 
60 cm above. The Leaves (weight 10 kg) were cut and spread out on a clean concrete floor well-ventilated room 
for 7 days until they became crispy (weight 3.5 kg) [22]. Dried Acacia mangium leaves were ground through a 
3-horse-power locally built Hammermill (NPT, Thailand) equipped with a 2 mm screen (weight 3.1 kg). 
Sample AM was taken and analyzed for proximate analysis [23], Tannin [24], amino acid [25], and Gross 
energy (GE) according to Analytical methods for oxygen bombs. Total carbohydrate content was determined 
by subtracting the percentage of moisture, crude ash fiber, protein, and fat from 100%. 

The yeast used to be Pakmaya® baker’s yeast, a commercial yeast culture (Saccharomyces cerevisiae) 
manufactured by the Pakmaya brand in Izmit, Turkey. That was purchased from a store at Pathiu market in 
Chumphon province, Thailand. 

2.2 The preparation of solid-state AMLM yeast fermented 
 Dried Acacia mangium leave meal (1 kg) was weighed into a mixing bowl, and moisture content was 
adjusted to 60% by adding the calculated amount of distilled water. Adding nutrient solution with yeast 
(Saccharomyces cerevisiae) (50 g.), urea (10 g.), molasses (300 g), Tapioca starch (200 g), MgSo4.2H2O (7 g) and 
KH2PO4 (13 g) mixed, collected in a plastic bag, and then allowed to incubate and fermentation in temperature 
room (27 0C) for 6 days.  The sample was terminated by oven drying at 60 oC for 24 hours, cooled to a 
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temperature room, milled, and packaged in air-tight containers. The procedure described by Oboh and 
Akindahunsi [26] and Aruna et al. [27]. 

2.3 Digestibility and metabolizable energy 
 Fifty-four Japanese quail, 4 weeks of age, were used to test the metabolizable energy value of AMLM.            

The birds were assigned to 32 width x 41 length x 13 high cm individual metabolic cages and allotted to 3 
groups with 6 replicates of 3 birds/ cage.  A reference diet (protein-free diet for determining endogenous 
excretion) was used as a basal diet (control diet) to calculate the metabolizable energy, which was determined 
using the substitution method according to Scott et al. [28]. Dextrose in the basal diet was replaced by 40 % 
Acacia mangium leaf meal (AM) and 40 % Yeast fermented AM (YFAM) to make up test diets (Table 1).   

Table 1. Ingredients composition of experimental diets. 

Ingredients Control diet AM YFAM 
Dextrose 
AMLM 
Yeast fermented AMLM 
Dicalcium phosphate (P17) 
salt 
Vitamins & trace mineral 

98.81 
 - 
 - 

0.50 
0.19 
0.50 

58.81 
40.00 

 - 
0.50 
0.19 
0.50 

58.81 
 - 

40.00 
0.50 
0.19 
0.50 

total 100.00 100.00 100.00 
1/ This premix provided the following microelements (µg/kg): vitamin A 4,500,000 IU; vitamin D 750,000 IU; 
vitamin E 10,000, vitamin K3 750; vitamin B1 1,100; vitamin B2 3,000; vitamin B3 10,000; vitamin B6 2,000; vitamin 
B12 12.5; pantothenic acid, 7,000; folic acid 425; biotin 100; Cu 5,000; Fe 4,800; I 500; Mn 30,000; Se 100; Zn 50,000. 

The birds were fed a diet twice daily at 7.00 and 19.00, at a near maintenance level, and they were 
weight before and after each collection period. After 7 days adaptation period, a 7-day collection period was 
started with adding 0.5% chromium oxide in experimental diets as an initial and a marker.  As a finishing 
marker, 0.5% chromium oxide was added to each experimental diet on the 6th day of the collection period. A 
collection of excreta (mixed feces and urine) was started when the chromium oxide appeared in the excreta 
and kept until the appearance of chromium oxide in the excreta. Total excreta were collected during the 
collection period.  Every day, the excreta samples were dried in a drying oven at 60oC for 72 h and collected 
in plastic containers. At the end of each experimental period, total excreta were grounded to 1 mm in the 
blender mill grinder. Diet and excreta samples were taken for chemical analysis [23], consisting of dry matter 
(DM), ether extract (EE), crude protein (CP), crude fiber (CF), and gross energy GE). The apparent digestibility 
coefficients, protein utilization, and apparent metabolizable energy (AME) were computed.    

The nutrient digestibility can be calculated according to kong and Adeola [29] as follows: 

Digestibility (%)  = [ 𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶−𝐶𝐶 𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜
𝐶𝐶𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 ] × 100 

Cinput and Coutput are the amounts of components ingested and voided via the feces, respectively. 

The protein utilization can be calculated according to kong and Adeola [29] as follows: 

Protein intake (g/bird) = the concentration of CP in diet (g/kg DM diet) X Feed intake 

Net protein utilization (NPU; g/g) = Protein retained / Protein intake 

The ME content of AM and YFAM were calculated according to the equation developed by Scott et al. [28] 
as follows: 
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ME per gm diet = Energy per gm diet – (excreta energy per gm diet + 8.22 x gm N retained per gm diet) 

To compute the ME of material substituted for glucose, the following equation applies: 

ME per gm substitute = 3.64 −[ME per gm referent diet − ME per gm diet with substitute
Proportion of substitute ] 

(3.64 = experimentally established ME per gm of glucose dry matter) 

2.4 Statistical analysis 
 All data were analyzed through analysis t-test design with 6 replications in each treatment, using the 

GLM procedure of SAS [30] with the main effect of 2 experimental diets were AM and YFAM. 

3. Results and Discussion 
3.1. Results 

3.1.1 Amino acid of AMLM 
The amino acids of AM are evaluated and listed in Table 2. The sample contains 1) essential amino 

acids /100 g:  Arginine 801 mg, Histidine 460 mg, Isoleucine 393 mg, Leucine 1,150 mg, Lysine 810 mg, 
Methionine 417 mg, Phenylalanine 742 mg, Threonine 680 mg, Tryptophan 31 mg and Valine 624 mg 
respectively. 2) non-essential amino acids/100 g: Alanine 642 mg, Aspartic acid 1,266 mg, Cystine 594 mg, 
Glutamic acid 1,672 mg, Glycine 879 mg, Proline 447 mg, Serine 771 mg and Tyrosine 540 mg respectively.  

Table 2. Chemical analysis of amino acid content (% dry matter) of AM. 

Amino acids Concentration 
(mg/100g sample) 

 Amino acids Concentration 
(mg/100g sample) 

Essential amino acids 
Arginine 
Histidine 
Isoleucine 
Leucine 
Lysine 
Methionine 
Phenylalanine 
Threonine 
Tryptophan 
Valine 

 
801 
460 
393 

1,150 
810 
417 
742 
680 
31 

624 

 Non-essential amino acids 
Alanine 
Aspartic Acid 
Cysteine 
Glutamic Acid 
Glycine* 
Proline 
Serine* 

    Tyrosine 

 
642 

1,266 
594 

1,672 
879 
447 
771 
540 

*  Glycine and serine represent poultry diets' first-limiting non-essential amino acids [27]. 

3.1.2. Nutrient content of solid-state fermented AM by yeast (Saccharomyces cerevisiae) 

 The results from the nutrient content of AM and YFAM are presented in Table 3. Yeast fermentation 
highly significantly affected dry matter, crude protein, crude fiber, ash, nitrogen-free extract, and gross energy 
of AM (P<0.01). Dry matter, ash, and nitrogen-free extract content significantly increased (P<0.01) in YFAM 
compared to AM. YFAM tended to have a higher (P=0.0513) crude fat content than AM. Additionally, there 
were a significantly decreased crude protein, fiber, and gross energy content in YFAM compared to AM 
(P<0.01). However, yeast fermentation did not affect the ether extract, calcium, phosphorus, and tannin content 
of AM (P>0.05). 
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Table 3. The nutrient composition of AM and YFAM (% dry matter). 

Nutrient composition (%) AM YFAM P-value 
Dry matter  
Crude protein 
Ether extract  
Crude fiber 
Ash 
Nitrogen free extract  

Calcium 
Phosphorus 
Tannin 
Gross energy (Kcal/kg) 

91.44 ± 0.06 b 
15.97 ± 0.14 a 
2.25 ± 0.07 

25.00 ± 0.07 a 
4.05 ± 0.08 b 

44.17 ± 0.95 b 
0.54 ± 0.03 
0.27 ± 0.04 
3.45 ± 0.14 

4,963.14 ± 7.11 a 

93.29 ± 0.05 a 
14.47 ± 0.14 b 

2.55 ± 0.07 
20.63 ± 0.03 b 

5.97 ± 0.03 a 
49.67 ± 0.28 a 
0.56 ± 0.01 
0.29 ± 0.01 
3.44 ± 0.01 

4,720.64 ± 28.45 b 

0.0018 
0.0088 
0.0513 
0.0129 
0.0011 
0.0158 
0.4655 
0.5918 
0.9298 
0.0072 

a,b Mean values ± SD in the same row with different superscripts were significantly different. (P<0.05) 

3.1.3. Digestibility and Metabolizable energy 
 The effects of dietary treatment on the digestibility coefficients of the nutrients such as dry matter, 

organic matter, ether extract, crude protein, crude fiber, nitrogen-free extract, and gross energy are shown in 
Table 4. The data revealed significant differences between dietary treatments in the digestibility coefficients 
for all nutrients of the diets except nitrogen-free extract. It could be noticed that birds fed dietary YFAM 
showed significantly greater (P≤0.01) dry matter, Organic matter, crude protein, and gross energy digestibility 
than fed dietary AM.  In contrast to ether extract and crude fiber digestibility, there was a decrease (P≤0.01) in 
birds fed dietary YFAM. 

The protein utilization of birds fed dietary YFAM showed significantly greater (P≤0.01) feed intake, 
retained protein intake, and net protein utilization than those fed dietary AM.  Additionally, the birds fed 
dietary YFAM had greater (P≤0.01) apparent metabolizable energy (AME) and apparent metabolizable energy 
corrected nitrogen balance (AMEn ) compared with those fed dietary AM. 

Table 4. Digestibility and metabolizable energy of AM and YFAM in Japanese quail. 

Items AM YFAM P-value 
Apparent digestibility (%)  

Dry matter  
Organic matter  
Ether extract  
Crude protein  
Crude fiber 
Nitrogen free extract  
Gross energy  

Protein utilization  
Feed intake (g/bird) 
Protein intake (g/bird) 
Protein retained (g/bird) 
Net protein utilization (g/g) 

Metabolizable energy (Kcal/kg) 1/ 
- AME 
- AMEn 

 
66.36 ± 1.95 b 
68.14 ± 2.07 b 
23.34 ± 3.02 a 
65.72 ± 2.09 b 
28.55 ± 4.34 a 
86.48 ± 1.05 
60.15 ± 2.47 b 

 
69.09 ± 14.91 b 

3.10 ± 0.67 b 
2.04 ± 0.45 b 
0.66 ± 0.02 b 

 
1428.08 ± 228.60 b 
1424.95 ± 229.45 b 

 
70.42 ± 1.81 a 
72.00 ± 1.81 a 
12.00 ± 2.34 b 
74.93 ± 1.23 a 
19.08 ± 2.45 b 
87.03 ± 0.94 
65.31± 2.47 a 

 

91.41 ± 8.68 a 

4.47 ± 0.42 a 
3.35 ± 0.36 a 
0.75 ± 0.01 a 

 
1993.03 ± 232.23 a 
1992.96 ± 232.57 a 

 
0.0039 
0.0064 
0.0030 
0.0001 
0.0109 
0.3550 
0.0048 

 
0.0001 
0.0018 
0.0002 
0.0001 

 
0.0017 
0.0017 

a,b Mean values ± SD in the same row with different superscripts were significantly different. (P<0.01) 
1/ AME = Apparent metabolizable energy 
   AMEn = Apparent metabolizable energy corrected by nitrogen balance 



ASEAN J. Sci. Tech. Report. 2023, 26(1), 11-19.16
ASEAN J. Sci. Tech. Report. 2023, 26(1), 11-19. 6 of 9 
 

 

3.2. Discussion 
 Studies using Acacia mangium leaf meal (AM) as a feed ingredient mainly were focused on ruminant 

nutrition., and showed that using AM as a protein source diet had a positive effect on production in dairy 
cows [10]and Sheep [11]. However, no information is available about using AM in poultry diets. 

In Japanese quail, methionine, threonine, and lysine are the first, second, and third limiting amino 
acids [32]. In this experiment, AM contains significant qualities of methionine, threonine, and lysine, whose 
values were 417, 680, and 810 mg/100 g (0.42, 0.68, and 0.81 %), respectively. These amino acid values were 
near with NRC [33] recommendation. The NRC [33] recommended lysine levels of 1.3 and 1.0% and 
methionine levels of 0.5 and 0.45% for quails in the rearing and production periods, respectively. Furthermore, 
this methionine amount was higher than the values found in the Leucaena leaf meal, as reported by the Bureau 
of Animal Nutrition Development [34]. The amino acid profile of the studied sample suggests that its protein 
is of adequate nutritional value, which the feed industries can exploit for feed formulations. 

Nutritional changes during the yeast fermentation in AM, dry matter, ash, and nitrogen-free extract 
content of YFAM were higher than in AM (P<0.01). This experimental result was in agreement with earlier 
reports. Kaewwongsa et al. [35] reported the dry matter content of the fermented cassava pulp by yeast 
(Saccharomyces cerevisiae) was higher than non-fermented (P<0.05). Azinnahar et al. [36] also reported that 
fermented De-oiled rice bran with yeast (Saccharomyces cerevisiae) induced increased dry matter and ash 
(P<0.05). The result shows that YFAM tended to have a higher (P=0.0513) crude fat content than AMLM. This 
was likely to Mu et al. [37] reported crude fat content of fermented rice bran was significantly higher (P<0.05) 
than those of untreated rice brans. In our experiment, crude protein, fiber, and gross energy content in YFAM 
were lower than in AM (P<0.01). Crude fiber content reduces the present experiment. Another experiment 
conducted by Azinnahar et al. [36] and Shi et al. [38] also reported the same result, which mentioned that 
microorganisms produce some fibrinolytic enzymes during fermentation, which are responsible for the 
reduction of fiber content.  

In our study, the birds fed dietary YFAM improved dry matter, Organic matter, crude protein, and 
gross energy digestibility. In Addition, the protein utilization of birds fed YFAM showed significantly greater 
(P≤0.01) feed intake, protein retained, protein intake, and net protein utilization than those fed dietary AM.  
These results are in congruence with early reports that supplementation with Saccharomyces cerevisiae 
improved (P≤0.05) of dry matter, organic matter, crude fiber, ether extract [39,40], and crude protein [40] 
digestibility of Japanese quail. Afsharmanesh et al. [41] reported that the ileal digesta of broiler chickens fed 
with yeast in both wet and dry diets can also have enhanced absorption of nutrients, as acidification can reduce 
the emptying rate of the stomach and enhance the digestion process. The improvement of nutrient digestibility 
of the birds by fermentation of feedstuff with yeast. Kornegay et al. [42] and Abd El-Latif et al. [39] explained 
that live yeast, such as Saccharomyces cerevisiae, contains numerous enzymes that could be released into the 
intestine and aid existing enzymes in the digestive tract in the digestion of feed. Also, yeast contains vitamins 
and other nutrients that may produce beneficial production responses. The YFAM and AM have about 14.47 
and 15.97% CP, showing net protein utilization results of 0.75 and 0.66, respectively. These results were 
agreeable with Omidiwura et al. [43], indicating that varying levels of protein in the diet  (20-26% CP) of 
Japanese quails had a significant effect protein efficiency ratio (0.74-1.05) of the birds.  

The AM's apparent metabolizable energy (AME) content for Japanese quail was analyzed to be 
1,428.09 Kcal/kg. This value was lower than ME in broilers of L. leucocephala leaf meal (2,377 Kcal/kg) obtained 
by Hien et al. [44]. However, Fermentation AM with yeast significantly improved AME (P<0.01). The birds fed 
dietary YFAM was 1993.03 Kcal/kg AME. This result contradicts Nabila et al. [45] Supplementation of baker’s 
yeast (at levels 0, 0.1, 0.2, 0.4, and 0.8 %) in broiler chicken’s diet. Results showed no significant difference 
(P>0.05) was observed for metabolizable energy among all treatments. Our experiment using baker’s yeast at 
level 5 % fermented AM was higher than Nabila et al. [45] Supplementation. Therefore, the bird-fed dietary 
yeast fermented caused an increase in the apparent metabolizable energy in this study. 

4. Conclusions 
The study shows that the fermentation AM with yeast (Saccharomyces cerevisiae) improved nutrient 

composition, enhanced nutrient digestibility, protein utilization, and apparent metabolizable energy of Acacia 
mangium leaf meal in Japanese quail. The apparent metabolizable energy of AM and YFAM was basic 
information for calculating feed formulation in Japanese quail. 



ASEAN J. Sci. Tech. Report. 2023, 26(1), 11-19. 17
ASEAN J. Sci. Tech. Report. 2023, 26(1), 11-19. 7 of 9 
 

 

5. Acknowledgements 
 The author would like to thank Asst. Prof. Dr. Seksom Attamangkune and Assoc. Prof. Dr. Neramit 

Sookmanee for help and support throughout this research. Moreover, I would like to thank The Agricultural 
Research Development Agency (ARDA) and King Mongkut’s Institute of Technology Ladkrabang Prince 
of Chumphon Campus for funding and research equipment.  

Author Contributions: Conceptualization, S.L. and W.N.; performed the experiments, S.L., D.P. and W.N.; 
formal analysis, S.L.; data collection, S. L., D. P. and W. N.; writing—original draft preparation, S.L.; writing—
review and editing, S.L.; supervision, S.L.; project administration, S.L.; funding acquisition, S.L., and W.N.. All 
authors have read and agreed to the published version of the manuscript.  

Funding: This research was funded by Agricultural Research Development Agency (ARDA), PRP6005011290. 

Conflicts of Interest: The authors declare that there is no conflict of interest regarding the publication of this article. 

References 
[1] Vali, N. The Japanese Quail: A Review. Int. J. Poult. Sci. 2008. 7(9), 925-931. 
[2] Kong, C.; Adeola, O. Evaluation of amino acid and energy utilization in feedstuff for swine and poultry 

diets. Asian Australas. J. Anim. Sci. 2014, 27(7), 917-925. 
[3] Khan, M.K.A.; Akbar, M.A.; Khaleduzzaman, A.B.M.; Rahman, M.M. Utilization of Leacaena and 

Sasbania leaf meals as protein supplements in broiler ration.  Bangladesh. J. Anim. Sci. 2009, 38(1&2), 123-131. 
[4] Bonsu, F.R.K.; Kagya-Agyemang, J.K.; Kwenin, W.K.J.; Zanu, H.K. Medicinal response of broiler 

chickens to diets containing Neem (Azadirachta indica) leaf meal, hematology and meat sensory 
analysis. World Appl. Sci. J. 2012, 19(6), 800-805. 

[5] Muktar, A.; Adzitey, F.; Teye, G. A.; Alhassan, M.; Dei. H. K. Effects of Albizia julibrissin leaf meal-
based diet on carcass and sensory characteristics of broiler chickens. Glob. J. Anim. Sci. Res. 2015, 3(2), 
388-392. 

[6] Ncube, S.; Halimani, T.E.; Chikosi, E.V.I.; Saidi, P.T. Effect of Acacia angustissima leaf meal on 
performance, yield of carcass components and meat quality of broilers. S. Afr. J. Anim. Sci. 2018, 48(2), 
271-283. 

[7] Maelim, S.; Khlangsap, N.; Thaiutsa, B. Provenance trials of 1-year old Acacia mangium Willd. at wang 
nam khiew forestry research and training station, nakhon ratchasima province.  Thai J. Forest. 2017, 36(2), 
35-45. 

[8] Djarwanto; Tachibana, S. Decomposition of lignin and holocellulose on Acacia mangium leaves and 
twings by six fungal isolates from nature. Pak. J. Biol. Sci. 2010, 13(12), 604-610. 

[9] Lerdsuwan, S.; Nalinanon ,W. Reduction of fiber content in Acacia mangium leaves meal by commercial 
enzyme. J. Sci. Technol. MSU. 2016, (Suppl.1), 647-652. 

[10] Sruamsiri, S. The use of acacia (Acacia mangium) as protein source in dairy ration. J. Agri. Res. Ext. 2001, 
18, 82-91. 

[11] Clavero, T.; Razz, R. Utilization of Acacia mangium as supplement for growing sheep. Rev. Cient. 1999, 
9(4), 311-313. 

[12] Lerdsuwan, S.; Nalinanon, W. Effect of Acacia mangium leaf meal on production performance of broiler 
chickens. J. Sci. Technol. MSU. 2017, 36(5), 614-620. 

[13] Chen, K.L.; Kho, W.L.; You, S.H.; Yeh, R.H.; Tang, S.W.; Hsieh, C.W. Effects of Bacillus subtilis var. natto 
and Saccharomyces cerevisiae mixed fermented feed on the enhanced growth performance of broilers. 
Poult. Sci. 2009, 88(2), 309–315. 

[14] Sharif, M.; Shoaib, M.; Saif-ur-Rehman, M.; Fawwad, A.; Asif, J. Use of Distillery Yeast Sludge in Poultry: 
A Review. Scholarly J. Agri. Sci. 2016, 6(8), 242-256. 

[15] Glazer, A.G.; Nikaido, H. Microbial Biotechnology: Fundamentals of Applied Microbiology: 2nd 
Edition. Cambridge University Press, Cambridge. 2007. 



ASEAN J. Sci. Tech. Report. 2023, 26(1), 11-19.18ASEAN J. Sci. Tech. Report. 2023, 26(1), 11-19. 8 of 9 
 

 

[16] Azrinnahar, M.; Islam, N.; Shuvo, A.A.S., Ahsan Kabir, A.K.M.; Islam, K.M.S. Effect of feeding 
fermented (Saccharomyces cerevisiae) de-oiled rice bran in broiler growth and bone mineralization. 
J. Saudi Soc. Agric. Sci. 2021, 20, 476-481. 

[17] Abramov, S.H.A.; Efendieva, D.A.; Kotecko, S.T. Effect of growth medium on protein content of yeast 
Saccharomyces cerevisiae. Appl. Bioch. Biotech. 1994, 30, 225–227. 

[18] Fadel, M.; Keera, A.A.; Mouafi, F.E.; Kahil, T. High level ethanol from sugar cane molasses by a new 
thermotolerant Saccharomyces cerevisiae strain in industrial scale. Biotechnol. Res. Int. 2013. 1–6. 
https://doi.org/10.1155/2013/253286. 

[19] Silva, V.K.; Silva, J.D.T.; Torres, K.A.A.; Filho, D.E.D.F.; Hada, F.H.; Moraes., V. Humoral immune 
response of broilers fed diets containing yeast extract and prebiotics in the prestarter phase and raised 
at different temperatures. J. Appl. Poult. Res. 2009, 18, 530-540. 

[20] Abdel-Azeem, F. Digeston, neomycin and yeast supplementation in broiler diets under Egyptian 
summer conditions. Egypt. Poult. Sci. J. 2002, 22(I), 235-257. 

[21] Matin, S.A.; Nisbet, D.J.; Dean, R.G. Influence of commercial yeast supplement on the ruminal 
fermentation. Nutr. Rep. int. 1989, 40, 395-401. 

[22] Zanu, H.K.; Mustapha, M.; Addo Nartey, M. Response of broiler chickens to diets containing varying 
levels of leucaena (leucaena leucocephpla) leaf meal. Online J. Anim. Feed Res. 2012, 2(2), 108-112. 

[23] A.O.A.C. Official Methods for Analysis. 5thed. Association of Official Analytical Chemists, Washington 
DC. 1980. 

[24] Burns, R. E. Method for estimate of tannin in grain sorghum. Agron. J. 1971, 63, 511. 
[25] Herbert, P.; Brrros, P.; Ratola, N.; Alves, A. HPLC determination of amino acids in musts and port wine 

using OPA/FMOC derivatives.  J. Food Sci. 2000, 65(7), 1130-1133. 
[26] Oboh, G.; Akindahunsi, A.A. Biochemical changes in cassava products (flour & gari) subjected to 

Saccharomyces cerevisiae solid media fermentation. Food Chem. 2003, 82, 599-602. 
[27] Aruna, T.E.; Aworh, O.C.; Raji, A.O.; olagnju, A.I. Protein enrichment of yam peels by fermentation with 

Saccharomyces cerevisiae (BY4743).  Ann. Agri. Sci. 2017, 62, 33-37. 
[28] Scott, M.L.; Nesheim, M.C.; Young, R.J. Nutrition of the Chicken.  3rded.  M.L. Scott & Associates, Ithaca, 

New York. 1982.   
[29] Kong, C.; Adeola, O. Protein utilization and amino acid digestibility of canola meal in response to 

phytase in broiler chickens. Poult. Sci. 2011, 90(7), 1508–1515. 
[30] SAS. SAS/SAT Guide for Personal Computers. Version 9.1.3 ed. SAS Inst., Inc., Cary, NC. 2003. 
[31] Siegert, W; Rodehutscord, M. The relevance of glycine and serine in poultry nutrition: a review. Br Poult 

Sci. 2019, 60(5), 579-588. 
[32] Thomas, K.S.; Amutha, R.; Purushothaman, M.R.; Jagatheesan, P.N.R.; Ezhilvalavan, S.; Jayalalitha,V. 

Energy and protein requirements during various stages of production in Japanese quails.  Int. J. Sci. 
Environ. Technol. 2019, 8(4), 790 – 794. 

[33] NRC. Nutrient Requirements of Poultry. National Research Council, National Academy Press, 
Washington, D. C., 9th Revised Edition. 1994, 234.  

[34] Bureau of Animal Nutrition Development, 2018. Leucaena leaf meal. Available Source: 
http://nutrition.dld.go.th/exhibision/feed_stuff/ leucaena_leaf_meal.htm, March 15, 2021. 

[35] Kaewwongsa, W.; Traiyakun, S.; Yuangklang, C.; Wachirapakorn, C.; Paengkoum, P. Protein enrichment 
of cassava pulp fermentation by Saccharomyces cerevisiae. J. Anim. Vet. Adv. 2011, 10(18), 2434-2440. 

[36] Azinnahar, M.; Islam, N.; Shuvo, A.A.S.; Kabir, A.K.M.A.; Islam, K.M.S. Effect of feeding fermented 
(Saccharomyces cerevisiae) de-oiled rice bran in broiler growth and bone mineralization. J. Saudi Soc. Agric. 
Sci. 2021, 20(7), 476-481. https://doi.org/10.1016/j.jssas.2021.05.006 

[37] Mu, K.S.; Kasim, A.B.; Ideris, A.; Saad, C.R. Effect of fermented rice bran, bioconverted byproduct on 
performance of broiler chickens.  J. Anim. Vet. Adv. 2011, 10 (22), 2990–2995. 

[38] Shi, C.; He, J.; Yu, J.; Yu, B.; Huang, Z.; Mao, X.; Zheng, P.; Chen, P. Solid state fermentation of rapeseed 
cake with Aspergillus niger for degrading glucosinolates and upgrading nutritional value. 
J. Anim. Sci. Biotechnol. 2015, 6(13) 1–7.  



ASEAN J. Sci. Tech. Report. 2023, 26(1), 11-19. 19ASEAN J. Sci. Tech. Report. 2023, 26(1), 11-19. 9 of 9 
 

 

[39] Abd El-Latif, S.A.; Ghally, K.A.; Shoulkamy, M.O. Effect of Fenugreek and yeast additions to Japanese 
quail diet on digestibility and economical responses. Act. Sci. Nutr. Health. 2019, 3(6), 78-82. 

[40] El-Kelawy, M. I.; ELnaggar, A.S. Inclusion of Saccharomyces cerevisiae in diet of Japanese quail. 1- effect 
on growth performance, some blood plasma constituents and carcass characteristics. Egypt. Poult. Sci. J. 
2016, 35(4), 1269-1282. 

[41] Afsharmanesh, M.; Barani, M.; Silversided, F. Evaluation of wet feeding wheat-based diets containing 
Saccharomyces cerevisiae to broiler chickens. Br. Poult. Sci. 2010, 51, 776-783. 

[42] Kornegay E.T.; Rhein-Welker, D.; Lindemamn, M.D.; Wood, C.M. Performance and nutrient 
digestibility in weanling pigs as influenced by yeast culture additions to starter diets containing dried 
whey or one of two fiber sources.  J. Anim. Sci. 1995, 73(5), 1381-1389. 

[43] Omidiwura, B.R.O.; Odu, O.; Agboola, A.F.; Akinbola, A.A.; Iyayi, E.A. Crude Protein and Energy 
Requirements of Japanese Quail (Coturnix coturnix japonica) During Rearing Period. J. World Poult. Res. 
2016, 6(2), 99-104. 

[44] Hien, T.Q.; Trung, T.Q.; Ha, T.V. 2016. Determination of the metabolic energy value of leucaena 
leucocephala leaf meal on luong Phuong broiler chicken. Vietnam J. sci. Technol. 2016, 2(9), 23-26. 

[45] Nabila, M.; Yaakub, H.; Alimon, A.R.; Samsudin1, A.A. Effects of baker’s yeast as a growth promoter 
supplemented at different levels on growth performance, gut morphology, and carcass characteristics 
of broiler chickens. Mal. Soc. Anim. Prod. 2017, 20(2), 83-93. 

 
 
 
 

 


