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Abstract: The objective of present study was to produce poultry feed with a best quality using ternary mixture of industrial wastes: 
fish industry waste, sugar industry waste (molasses) and yeast waste after 15 d biotransformation using response surface 
methodology to design and analyze the experiment data. Changes in the nutritional quality and biochemical properties viz., pH, dry 
matter, conductivity, total organic carbon, total nitrogen, phosphorus, trimethylamine, protein, fat, carbohydrate, histamine, 
aflatoxins and minerals were evaluated during a biotransformation period of 15 d. The experimental findings revealed that the 
formulation including 50% of fish waste, 12.5% of molasses and 37.50% of yeast waste were found to be best quality poultry waste. 
It was characterized as odorless, with a stable pH, rich in protein, fat and carbohydrate as well as no alterations of bacteria and 
absence aflatoxins from the fifth day on ward. The nutritional value of the developed poultry fees was studied on a population of 
broiler chickens by incorporating with barley flour and eggshell. The product possesses a better nutritional quality comparable to 
commercially feed.  
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1. Introduction 

The export of fishery products in Morocco is an 

important first activity for the country’s economy. 

Indeed, Morocco has exported about 641,924 tons in 

2015, which corresponds to a value of 19.4 billion 

MAD. Fishery products are exported to several 

countries with a predilection for the countries of the 

European Union (EU) [1]. In Morocco, fisheries are 

distributed throughout the coast. They are 

characterized by great diversity and generate waste in 

considerable quantities [2]. 

The wastes resulting from industrial fish processing 

operations include flesh, skin, bones, scales and 

gelatinous liquid wastes can cause damage to the 

aesthetics of the environment and bad odors resulting 

from bacterial decomposition if they are not stored 

properly or evacuated quickly. For these reasons the 
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industries concerned are obliged to apply a 

management strategy, if not, economic and 

environmental costs will be imposed, to be borne by 

the industries and also the regions. However, in terms 

of their composition, this waste is still relatively rich 

in nutrients and could be recycled as a potential source 

of protein-rich feed for animals, like livestock, poultry 

and fish [3]. Recognition of the limited biological 

resources and increasing environmental pollution have 

emphasized the need for better and more value added 

utilization of fish and fish processing wastes [4]. Fish 

processing wastes constitute around 50% in a fish are 

not commonly used in human feeding and most often 

they are disposed on, considering this impact of 

improper disposal of this residue on the environment 

and seeking suitable technological alternatives for a 

nobler use with both economic potential and social 

application. Novel means of processing are required to 

convert the underutilized wastes and by-products into 

more marketable and accepted form. One alternative is 
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to produce fish powders or fish protein hydrolysate 

that may be used as carbon and/or nitrogen source for 

biomass and metabolite production [5]. The current 

investigation is aimed primarily at the industrial 

application of the process. This poses constraints, 

particularly with respect to the overall cost efficiency 

of the scaled up process. Low cost and simplicity in 

operation, by reducing the cost of the material, energy 

consumption and labour, but maintaining high 

productivity are some of the important attributes that 

outline the direction of this investigation. The 

transformation of this waste into flour is done by 

drying. This process seems costly and complicated [3]. 

The objective of the present study was to produce 

poultry feed from ternary mixture of industrials wastes: 

fish waste, molasses and brewing yeast, in natural 

biotransformation process. The response surface 

methodology was used to design the experiment in an 

optimality zone, for analyzing data and to generate 

feed with a high nutritional quality. 

2. Materials and Methods 

2.1 Initially Nutritional, Chemical and 

Physico-chemical Analysis  

Before the biotransformation, a sample of each 

waste viz., fish, molasses and yeast was analyzed. 

Table 1 shows the results of chemical and biochemical 

properties of the waste studied.  

2.2 Preparation of Mixtures 

The three components used to prepare the mixtures 

were selected in such a way to create a balanced 

mixture containing all the elements necessary for a 

favorable biotransformation.  

Waste contains the yeast Saccharomyces cerevisiae, 

recovered from the yeast industry is an agent of 

fermentation that will allow better the 

biotransformation seen its interesting nutritional and 

organoleptic characteristics [6, 7]. This component 

was mixed with industrial waste of sardine (Sardina 

pilchardus), which contains bones, guts and heads, 

and has been also ground in an ice crusher, and then 

the molasses, by-product of the sugar industry, was 

added.  

Several fractions of such three components were 

studied with the aim of identifying better formula, 

allowing a favorable biotransformation. The 

experimental design consists of 7-points in the ternary 

diagram with constrained regions (fish wastes > 50%, 

molasses > 12.5%) (Table 2).  
 

Table 1  Chemical and nutritional characteristics in dry matter of wastes.  

 Fish waste Molasses Yeast waste Method reference 

Dry matter (%) 30.00 73.00 33.00 Oven drying 3 g at 60 °C for 24 h 

Protein (%) 6.90 0.00 13.60 Bradford method 

Carbohydrate (%) 0.00 46.72 12.24 Sulfuric-phenol method 

Fat content (%) 3.36 0.73 2.14 Soxhlet method 

Phosphorus (%) 0.14 0.002 0.29 NFV18106 

Calcium (%) 0.06 0.02 0.01 Flame emission spectrophotometry 
 

Table 2  Compositions in dry matter of initial tests.  

Composition N° Fish waste (%) Molasses (%) Yeast (%) TN (%) TOC (%) C/N 

1 50.00 50.00 0.00 0.64 24.98 38.87 

2 62.50 25.00 12.50 1.13 15.30 13.55 

3 87.50 12.50 0.00 3.36 17.55 5.22 

4 50.00 12.50 37.50 1.51 15.45 10.23 

5 68.75 12.50 18.75 0.69 15.07 21.98 

6 68.75 31.25 0.00 0.58 14.65 25.05 

7 50.00 31.25 18.75 0.93 17.99 19.33 

TN: total nitrogen; TOC: total organic carbon; C/N: carbon/ nitrogen.  
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Based on a previous study conducted at Laboratory 

of Biochemistry, Environment and AgriFood LBEA 

URAC36, of the University Hassan 2 of Casablanca, 

Morocco, the variability range of the molasses used 

must be 12.5%-20% and the use of a fraction of fish 

less than 50% is not recoverable [6]. Fig. 1 shows 

places of essays. 

2.3 Physicochemical Analysis 

The pH was determined using a pH-meter Fisher 

Scientific, Basic AB15 according to Taiek et al. [6]. 

The dry matter (DM) was measured daily by oven 

drying 3 g at 60 °C for 72 h, three times per day 

according to Taiek et al. [6]. Conductivity and 

temperature were measured daily using conductivity 

meter/thermometer HANNA Instruments, EC215 

according to Taiek et al. [7]. 

2.4 Nutritional Analysis 

The total nitrogen content was determined 

according to the Kjeldahl method [8]. The rate of 

phosphorus was determined by spectrophotometric 

assay according to the French standard NF V18-106 

[9]. The total organic carbon was determined by 

Walkley-Black method [10]. The fat content was 

determined on the DM by the Soxhlet method using 

hexane as solvent [11]. The proteins have been 

classically and dosed according to the colorimetric 

method of Bradford after specific marking of proteins 

by blue of Coomassie [12]. Carbohydrates were 

determined by the Bertrand method [13]. 

The dosage of the trimethylamine was performed 

by the distillation according to the EC Regulation No 

2074/2005 for the determination of the TVB-N (basic 

amines total volatile) [14]. The aflatoxins B1, B2, G1 

and G2 were measured by high-performance liquid 

chromatography with fluorescence detection, 

according to ISO 16050:2003 standard [15]. The rate 

of histamine was determined according to No 

2073/2005. The exchanged cations were determined 

by flame emission spectrophotometry (Ca2+) using 

flame photometer (Digital Flame Photometer PFP7/C, 

JENWAY®). 

2.5 Microbiological Analysis 

Microbiological analysis was performed at initial 

and 15th day. A Columbia blood agar was prepared to 

determine the presence of Streptococcus reflecting 

proteolytic effects [16]. The presence of 

Staphylococcus (lipolytic marker) was determined in a 

mannitol salt agar [17]. A MacConkey agar is used to 

visualize the presence of Escherichia coli [18]. The 

presence of Salmonella was determined at a SS agar 

[19].  
 

  
Fig. 1  Simplex-centroid design with 7-points arrangement in the weight fraction ternary diagram with constrained regions 
(fish wastes > 50%, molasses > 12.5%). 
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2.6 Data Analysis 

The ternary surface response diagram and principal 

component analysis (PCA) were used to identify 

factors that have a statistically significant influence on 

the nutrient quality of the mixtures. These tools were 

generated by Statistica software® 10 (StatSoft, USA). 

To optimize the treatment parameters, the three 

independent variables used in this study were 

proportion of fish waste, molasses and yeast. After run, 

according to resulted treatments the various formulas, 

were prepared and monitored for 15 d by quality 

control parameters.  

2.7 Formulation of Diets 

The formula representing the best results of quality 

control has been mixed with flour of barley to title of 

30% and 10% of eggshell (series AB) (Fig. 2).  

The second series (series AC) fed by the 

commercial food, has been used for comparative 

purposes as a reference to assess the quality of the 

product developed (Table 3). All series were 

composed of 10 hens of flesh. The growth curve was 

established on the basis of weight gain. The daily 

consumption was measured by weighing. 

3. Results and Discussion 

3.1 Physical and Textural Properties of Mixtures 

At the beginning, all tests formed very 

heterogeneous thick paste. At the end of the 

biotransformation process, all mixtures were 

characterized by a homogeneous appearance, dark 

color, lumpy structure and development of a pleasant 

odor. A physical and textural property of 

biotransformation product depends on the process 

conditions such as the biotransformation type, feed 

moisture, temperature and oxygen uptake rate. 

Different studies have reported that the product 

characteristics such as color, appearance odor have an 

important bearing on the acceptability of the final 

product [7, 20, 21]. 

3.1.1 The pH, Temperature, Conductivity and DM 

Fig. 3 shows the evolution of the pH, conductivity, 

results during 15 d of biotransformation of the 

different compositions. 

The pH decreased from an average of 7.09 and 6.67 

to 5.70 and 4.93 for the M2, M3 compositions, 

respectively, after 15 d of biotransformation (Fig. 3), 

which provides evidence of induction of a low acidity 

through lactic acid production by lactic acid bacteria. 

The stabilization of pH in the testing of other 

compositions was due to the fermentative activity of 

the yeast Saccharomyces cerevisiae [21]. The reported 

values since yeasts and bacteria involved in the 

biotransformation have their pH optimum between 5 

and 8.5 [7]. The monitoring of pH indicated that  

after 8 d of testing, all the compositions were mature. 

The pH stabilization was due to the reduction of 

activity of microorganisms [22]. A pH marked by a 

slight acidity was a witness of a favorable 

biotransformation. 

As for conductivity, it increased slightly for all the 

mixtures for 15 d from a value of 4.27 mS/cm, while 

M4 and M5 compositions achieved an increase up to 

16.78 mS/cm and 16.95 mS/cm, respectively, on the 15th 

day (Fig. 3).
 

  
Fig. 2  Formulation of diet before and after homogenization.  
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Table 3  Formulation of diets of series AC (100% of commercial food) and AB. 

Diets  Parameters Value 

Series AC 

Crude protein 18% 

Fat 2.5% 

Carbohydrate 47.62% 

Phosphorus 0.65% 

Calcium 0.95% 

Series AB 

Best biotransformed mixture 60% 

Eggshell 10% 

Barley flour 30% 
 

  
Fig. 3  Evolution of (a) pH and (b) conductivity.  
 

All the mixtures presented a rise in conductivity 

during the process of biotransformation. The total 

degradation of carbohydrates may be due by yeast and 

the release of volatile substances [7-23].  

Concerning the recorded temperature, the variations 

in the temperature were not more than 1.5 °C. It can 

be considered as insignificant (Fig. 4). This can be 

explained by the low thickness of the 

biotransformation mixture in the container as well as 

the regular mixing applied. The biotransformation 

process applied in this study therefore allows good 

practice mastery of temperature. 

The DM of mixtures increases during the process 

(Fig. 4). The increase of the DM in other mixtures was 

due to the loss of water by evaporation or by the loss 

of carbon dioxide and ethanol (by evaporation) during 

fermentation [24].  

3.1.2 Quality Control of Bio-transformed Product  

The best compositions among the studies are M3, 

M4 and M5 as shown in the results of the above 

parameters: pH, conductivity, DM and temperature 

(Figs. 3 and 4). This led to develop this study by other 

analysis (measuring protein, fat content, carbohydrate, 

phosphorus, total organic carbon and trimethylamine) 

that will allow us to apply this product in the field of 

poultry feed. 

Table 4 shows that the M3, M4 and M5 

compositions had a better evolution concerning these 

three parameters protein, fat content and carbohydrate. 

M4 composition contains more than 4% fat, 22% 

crude protein and 14% carbohydrate. These results 

meet with the requirements of the first phase of the 

food need of chicken of flesh in starting phase (1 to 4 

first weeks) that are 18% to 23% in crude protein. It 

should be noted that most of the food energy is found 

as carbohydrate or fat, as for growing chickens, high 

fat diets are always the favorite [25]. This suggests 

the important role of yeast wastes for obtaining the 

best results facing the stability and the change of 

hygienic quality of  the  generated  product. All  these 
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Fig. 4  Evolution of (a) temperature and (b) dry matter (DM).  
 

Table 4  Nutritional analysis in dry matter after 15 d.  

Comp. Fat (%) Carbohydrate (%) Protein (%) P (mg/100 g) TMA (mg/100 g) TOC (%) 

1 4.53 9.85 17.57 28.40 0.40 25.39 

2 3.76 2.32 10.16 20.68 0.63 16.28 

3 2.43 8.34 16.43 22.18 5.15 17.69 

4 4.49 14.31 22.06 29.03 2.26 17.66 

5 2.72 21.83 26.61 36.18 7.64 21.00 

6 1.37 7.23 23.92 32.79 7.46 18.92 

7 1.65 12.41 18.13 26.13 3.89 26.52 

P: phosphorus; TMA: trimethylamine; TOC: total organic carbon.  
 

compositions have a rate of phosphorus that increases 

during 15 d of biotransformation. This was due to the 

mineralization carried out by micro-organisms that 

transforming organic phosphorus in mineral 

phosphorus [24]. M4, M5 and M6 compositions have 

a rate as high as the other compositions 29.03, 36.18 

and 32.79 mg/100 g, respectively, because they have 

more sardine wastes and such fish is rich in terms of 

phosphorus [23]. Therefore, the addition of yeast and 

molasses to the mixture helps in the conservation of 

phosphorus. A richer formula in fish waste and 

molasses allows phosphorus rates to be improved. 

The rate of evolution of trimethylamine was 

between 0.40 mg/100 g and 7.64 mg/100 g for all 

compositions on the last day. These values proved the 

stability of our products and demonstrate the mastery 

of the biotransformation process [26, 27].  

All the compositions have a rate of total organic 

carbon that increases during the process of 

biotransformation. In general, the total organic carbon 

during the simulation of different biotransformation 

processes decreases. Indeed, it is lost mainly by (CO2) 

gas exchange [28]. The increase of total organic 

carbon may be the result of a development of a 

microbial flora by the contribution of organic matter. 

A richer formula in fish waste and molasses allows 

total organic carbon rates to be improved. 

3.2 Statistical Analysis 

3.2.1 Principal Component Analysis (PCA) 

The graphs in Fig. 5 illustrated the PCA and 

correlation circle of the data. The biplot showed the 

grouping of compositions M5 and M4 that were most 

relevant from the results of analysis. According to the 

correlation circle, M4 and M5 mixtures were perfectly 

correlated with the phosphorus, protein and 

carbohydrate. These products were positively 

correlated  with  yeast  waste.  It  has  been  found  that 
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Table 6  Determination of the rate of calcium, histamine and aflatoxins of M4.  

Parameters Composition M4 

Calcium (%) 0.3 

Sodium (%) 0.16 

Histamine (ppm) 115 

Aflatoxin B1 (μg/kg) < 0.5 (LD) 

Aflatoxin B2 (μg/kg) < 0.12 (LD) 

Aflatoxin G1 (μg/kg) < 0.5 (LD) 

Aflatoxin G2 (μg/kg) < 0.12 (LD) 

LD: limit of detection.  
 

 
Fig. 7  Evolution of the body weight of the series fed by the composition M4 and the food of trade.  
 

Table 7  Zootechnical performance of the two series of chickens fed by the composition M4 and the commercial food.  

Parameters AB Series AC series 

Initial weight mean (g) 460 460 

Final weight mean (g) 905 1,085 

Average Earning Daily (g/J) 35 42 

Food outlet (g) 300 300 

Mortality 0/10 0/10 
 

chicken were 0.9% and 0.3%, respectively. Table 6 

indicated that the calcium content was insufficient in 

the composition M4 and for this reason the addition of 

eggshells and barley flour suggested. 

The results of Fig. 7 present the evolution of the 

body weight and the daily dietary intake of the series 

of chickens fed by the organic food M4 representing 

the best results during the process of the 

biotransformation process as well as the commercial 

food as compare to reference commercial feed.  

The average weight of the chickens fed by M4 (AB 

series) has evolved from 97% for a daily dietary 

intake of 300 g, at the same time the series AC fed by 

the commercial food presents an evolution of average 

body weight of 135.86% for a daily dietary intake of 

300 g. The average performances of growth were 

recorded in Table 7. The initial weight and final 

weight mean, the food taken, mortality, as well as the 

calculation of average earnings daily, indicated the 

small differences between the average performances 

[30]. 

The zootechnical performance of the two series of 

chickens fed by M4 (series AB) and the commercial 

food (series AC) were shown in Table 7. The weight 
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gained for both series AB and AC was 35 g/J and 42 

g/J, respectively. The values of the food outlet and 

the gains of the corresponding weights to chickens 

fed with M4 chosen for its best results, attests to the 

reliability of product towards its nutrient input. The 

quality of biological product was interesting as the 

commercial food (Table 7). 

4. Conclusions 

The influence of three parameters: fish waste, 

molasses and waste yeast on protein, fat and 

carbohydrate during biotransformation were 

investigated and considered in the construction of a 

complete factorial design.  

The formula M4 insuring favorable 

biotransformation possesses good hygienic 

properties and interesting nutritional quality for 

broilers proved even better compared to 

commercially available and highly marketed feed in 

Morocco. 

Acknowledgments 

The authors thank the CNRST for its financial 

support of PPR2/2016/21. 

References 

[1] Dahani, S., Chouarfa, H., Bousselhami, A., and Bouchriti, 

N. 2017. “Problem of the Reversal of Fishery Products 

Exported by Morocco and Their Economic Impact.” 

European Scientific Journal 13 (25): 94-112. 

[2] Lourhzal, W., Tahri, E., and Faid, M. 2003. “Ensiled Fish 

Waste and Feeding Test on Rats.” Actes Inst. Agron. Vet. 

23 (1): 15-20. 

[3] Faid, M., Zouiten, A., Elmarrakchi, A., and 

Achkari-Begdouri, A. 1997. “Biotransformation of Fish 

Waste into a Stable Feed Ingredient.” Food Chem. 60 (1): 

13-8. 

[4] Sahu, B. B., Barik, N. K., Mohapatra, B. C., Sahu, B. N., 

Sahu, H., Sahoo, P., Majhi, D., Biswal, N. C., Mohanty, P. 

K., and Jayasankar, P. 2014. “Valorization of Fish 

Processing Waste through Natural Fermentation with 

Molasses for Preparation of Bio Fertilizer and Bio 

Supplement.” J. Env. Sci. Comput. Sci. Eng. Technol. 3 

(4): 1849-56. 

[5] Souissi, N., Bougatef, A., Triki-Ellouz, Y., and Nasri, M. 

2007. “Biochemical and Functional Properties of 
Sardinella (Sardinella aurita) By-product Hydrolysates.” 
Food Technolo. Biotechnol. 45 (2): 187-94. 

[6] Taiek, T., Boutaleb, N., Bahlaouan, B., El Jaafari, A., Le 

Tilly, V., Sire, O., and El Antri, S. 2014. 

“Biotransformation of Halieutic Waste in Morocco-Tests 

of Production of an Organic Fertilizer.” 

Techniques-Sciences-Méthodes 11: 158-71. 

[7] Taiek, T., Boutaleb, N., Bahlaouan, B., El Jaafari, A., 
Khrouz, H., Lazar, S., and El Antri, S. 2014b. 
“Production of New Bio Fertilizer from Waste of 
Halieutic Activities, Brewing Industry and Brandy 
Distilleries in Morocco.” Int. J. of Eng. Res. & Technol. 3 
(8): 1599-603. 

[8] Saada, D., Chabane, O., Bekada, A., Bouderoua, K., 
Keddam, R., Laala, B., Mourot, J., and Selselet-Attou, G. 
2016. “Valorization Essay of Arthrospira platensis in 
Alimentation of Broilers.” Global Veterinaria 16 (1): 
71-85. 

[9] Ayssiwede, S. B., Dieng, A., Chrysostome, C., Ossebi, 
W., Hornick, J. L., and Missohou, A. 2010. “Digestibility 
and Metabolic Utilization and Nutritional Value of 
Leucaena leucocephala (Lam.) Leaves Meal Incorporated 
in the Diets of Indigenous Senegal Chickens.” Int. J. 
Poult. Sci. 9 (8): 767-76. 

[10] Bahadori, M., and Tofighi, H. 2017. “Investigation of 
Soil Organic Carbon Recovery by the Walkley-Black 
Method under Diverse Vegetation Systems.” Soil Science 
182 (3): 101-6. 

[11] Lepengue, A. N., Souza, A., Yala, J. F., Lebamba, J., 

Mavoungou, J., and M’batchi, B. 2016. “Study of Some 

Physicochemical and Biochemical Characteristics of 

Wave-Fortex: A Natural Dietary Supplement of Gabon.” 

European Scientific Journal 12 (33): 508-20. 

[12] Bradford, M. M. 1976. “A Rapid and Sensitive Method 

for the Quantitation of Microgram Quantities of Protein 

Utilizing the Principle of Protein-Dye Binding.” Anal. 

Biochem. 72 (1-2): 248-54. 

[13] Chidan Kumar, C. S., Chandraju, S., Mythily, R., and 

Channu, B. C. 2011. “Novel Spectrophotometric 

Technique for the Estimation of Reducing Sugars from 

Wheat Husk.” Int. J. Rece. Sci. Res. 2 (9): 50-3.  

[14] Goulas, A. E., and Kontominas, M. G. 2005. “Effect of 

Salting and Smoking-Method on the Keeping Quality of 

Chub Mackerel (Scomber japonicus): Biochemical and 

Sensory Attributes.” Food Chem. 93 (3): 511-20. 

[15] Oliveira, A. F. C., Gonçalves, N. B., Rosim, R. E., and 
Fernandes, A. M. 2009. “Determination of Aflatoxins in 
Peanut Products in the Northeast Region of São Paulo, 
Brazil.” Int. J. Med. Microbiol. 10 (1): 174-83. 

[16] Tagg, J. R., and Bannister, L. V. 1979. “Fingerprinting 

-Haemolytic Streptococci by Their Production of and 



Biotransformation of Ternary Mixture of Organic Industrial Waste into Poultry Feed 

 

181

Sensitivity to Bacteriocine-Like Inhibitors.” J. Med. 
Microbiol. 12 (4): 397-411. 

[17] Chadwick, S. G., Prasad, A., Smith, W. L., Mordechai, E., 
Adelson, M. E., and Gygax, S. E. 2013. “Detection of 
Epidemic USA300 Community-Associated 
Methicillin-Resistant Staphylococcus aureus Strains by 
Use of a Single Allele-Specific PCR Assay Targeting a 
Novel Polymorphism of Staphylococcus aureus PBP3.” J. 
Clin. Microbiol. 51 (8): 2541-50. 

[18] Tamungang, N. E. B., Biosengazeh, N. F., Alakeh, M. N., 
and Tameu, D. Y. 2016. “Quality Control of Domestic 
Water in Babessi Village in North-West Cameroon.” Int. 
J. Biol. Chem. Sci.10 (3): 1382-402. 

[19] Ennouali, M., Chaouch, A., and Ouhssine, M. 2016. 
“Zootechnical Performance of a Diet Based on 
Biotransformed Algae Waste on Sheep Growth.” Int. J. of 
Inn. and App. Stud. 17 (4): 1391-99. 

[20] Eunjong, K., Dong-Hyun, L., Seunggun, W., and 
Heekwon, A. 2016. “Evaluation of Optimum Moisture 
Content for Composting of Beef Manure and Bedding 
Material Mixtures Using Oxygen Uptake Measurement.” 
Asian-Australas. J. Appl. Biosci. 29 (5): 753-8. 

[21] Gbohaida, V., Mossi, I., Adjou, E. S., Agbangnan Dossa, 
C. P., Wotto, D. V., Avlessi, F., and Sohounhloue, D. C. 
K. 2016. “Evaluation of the Fermentative Potency of 
Saccharomyces cerevisiae and S. carlsbergensis in the 
Production of Bioethanol from Cashew Apple Juice.” J. 
Appl. Biosci. 101: 9643-52. 

[22] Jimenez, E. I., and Garcia, V. P. 1991. “Composting of 
Domestic Refuse and Sewage Sludge. I. Evolution of 
Temperature, pH, C/N Ratio and Cation-Exchange 
Capacity.” Resour. Conserv. Recycling 6: 45-60. 

[23] Lakhal, D., Boutaleb, B., Bahlaouan, B., Abouakil, N., 
Mekouar, M., Fathi, A., Lazar, S., and El Antri, S. 2017. 
“Mixture Experimental Design in the Development of a 
Bio Fertilizer from Fish Waste, Molasses and Scum.” Int. 
J. of Eng. Res. & Technol. 6 (6): 588-94.  

[24] Taiek, T., Boutaleb, N., Bahlaouan, B., El Jaafari, A., 
Lakhal, D., Lazar, S., and El Antri, S. 2016. 
“Biotechnological Valorization of Fish Waste in Poultry 
Feed.” J. Colloid Sci. Biotechnol. 5 (21): 223-9. 

[25] Geraert, P. A. 1991. “ Energy Metabolism of Broilers in a 
Hot Climate.” INRA Prod. Anim. 4 (3): 257-67. 

[26] Kherrati, B., Faîd, M., Elyachioui, M., and Wahmane, A. 
1998. “Process for Recycling Slaughterhouses Wastes 
and By-products by Fermentation.” Bioresour. Technol. 
63 (1): 75-9. 

[27] Howgate, P. 2010a. “A Critical Review of Total Volatile 
Bases and Trimethylamine as Indices of Freshness of 
Fish. Part 1. Determination.” Electron. J. Environ. Agric. 
Food &Chem. 9 (1): 29-57. 

[28] Chennaoui, M., Salama, Y., Makan, A., and Mountadar, 
M. 2016. “ Agricultural Valorization of Compost 
Produced from Municipal Waste Composting.” European 
Scientific Journal 12 (35): 247- 65. 

[29] Arneborg, N., Moos, M. K., and Jakobsen, M. 1997. 
“Induction of Acetic Acid Tolerance and Trehalose 
Accumulation by Added and Produced Ethanol in 
Saccharomyces cerevisiae.” Biotechnol. Lett. 19 (9): 
931-33. 

[30] Hossain, M. A., Islam, A. F., and Iji, P. A. 2014. “Effect 
of Production Phase on Growth, Enzyme Activities and 
Feed Selection of Broilers Raised on Vegetable Protein 
Diet.” Asian-Australas. J. Anim. Sci. 27 (11): 1593-99.  

 

 


