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Abstract

The  increase  in  feed  costs  in  pig  production  in  recent  years  has  led  breeders  to  increasingly  turn  to  unconventional  re-

sources. In order to better exploit cocoa shell powder associated or not with dried brewery spent grain, studies were carried

out at the pig farm of the multipurpose station of the Agricultural Research Institute for Development (IRAD) in Bangangté

between January and July 2023. For this trial, 24 piglets of the Naima hybrid breed, aged 2.5 months and average weight of

14.54 kg was randomly distributed in the fattening pens. Each batch contained 3 males and 3 females. The experimental ra-

tions consisted of a basic ration without cocoa shells or brewers' grains (CD0) and three other rations containing respective-

ly 50% cocoa shells (CC50), 50% dried spent grain (DB50) and a combination of 25% cocoa shells + 25% dried spent grain

(CD50) as a substitute for wheat bran. From this it appear that, the highest significantly (p>0.05) total weight gains were ob-

tained with ration DB50 (30.95 kg) on the one hand and rations CD50 and CD0 (28.27 and 28.17 Kg) on the other hand. More-

over, the recorded consumption index showed that, the animals of batches CD0, DB50 and CD50 obtained consumption index

(respectively 2.59, 2.46 and 2.62) significantly (P≤0.05) lower than that of CC50 (3.44). The economic analysis of these 4 ra-

tions therefore reveals that DB50 records the lowest production cost (852.74 FCFA/kg of live weight) because its lower con-

sumption index thus allows it to better value the feed and to provide the best yield unlike the other batches, particularly

CC50 which has a higher food production cost per kg of live weight (1050.63 FCFA/kg of live weight). The DB50 ration had
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the most interesting parameters to improve the growth performances in pigs. In addition, cocoa shell powder and dried

spent grain can be associated in the ration at the rates of 25% each in substitution of wheat bran without reducing the

growth parameters.

Keywords: cocoa shell, dried spent grain, piglets, growth performance

Introduction

One of the strategies undertaken by the government to fill the deficit and meet the national demand for meat products is the

promotion of the breeding of short-cycle and fast-growing species such as pork (MINEPIA, 2021). Indeed, pork has very effi-

cient feed conversion factors which gives it a relatively short fattening time and very rapid growth. The sow has a reproductive

cycle of 21 days and a gestation period allowing it to have an average of two litters per year [1]. Thus, to improve the pork pro-

duction sector in Cameroon, several parameters must be optimized, controlled and diversified, for example feed which is the

main limiting factor in the development of this sector in Cameroon. In fact, feed costs are increasingly high on the market due

to  the  scarcity  of  certain  essential  inputs  that  go  into  the  manufacture  of  pig  feed  such  as  wheat  bran.  This  feed  ingredient

whose price has increased considerably on the African market in general and Cameroon in particular in recent years, especially

since the outbreak of the war between Russia and Ukraine, which are the leading producers of wheat. To compensate for this de-

ficit,  breeders  are  increasingly  turning  to  unconventional  feed  ingredients  from agro-industrial  by-products  and agricultural

by-products such as dried brewery grains and cocoa shell powder. This is with a view to reducing pig production costs without

affecting its zootechnical performance. Thus, brewing industries produce large quantities of spent grain annually, which repre-

sent a potential food source for pig breeding [2, 3]. Studies have shown that incorporating this ingredient into pig feed can im-

prove the growth performance of these animals [2]. As for cocoa shells, they are obtained after extraction of the bean and can

be used in pig feed.  Thus,  studies  have shown that  cocoa shell  powder incorporated at  10 and 20% in feed rations improves

growth performance in pigs [4]. On the other hand, very few studies on the use of cocoa shell powder associated or not with

dried brewers' spent grain in pig feed have been conducted to date. It is in this perspective that this work is born, the main ob-

jective of which is to contribute to the improvement of pig feeding through the use of non-conventional food ingredients.

Material and Methods

Study Site

This study was conducted between January and June 2023 at the application farm of the IRAD Bangangté multipurpose station.

This research institute is located in the Ndé division of the West region of Cameroon (Figure 1). This division is located be-

tween 10° 21‟ and 10° 51‟ East longitude and 4° 52‟ and 5° 16‟ North latitude with a population of more than 200,000 inhabi-

tants [5] . It covers an area of approximately 1524 km2 and has a tropical climate of the Aw type (savannah climate with dry win-

ter) according to the Koppen classification, with an average annual temperature of 20.4°C and precipitation of approximately

1950 mm per year [6] . The Bangangté council concentrates more than half of the population of the division and extends over

an area of approximately 800 km2. The Tonga and Bazou councils have an area of 342 km2 and 243 km2 respectively. The vil-

lage of Bassamba, formerly the district of Bangangté, has been the smallest council in the Ndé division since 1995 with an area

of 123 km2 [6]. The Ndé division has a total of four councils (Bangangté, Bazou, Tonga and Bassamba) [5] .
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Figure 1: Geographic location of the study area

Source: Fokom et al. (2023)

Animal Equipment and Housing

During the entire study period, 24 Naima piglets were used to evaluate post-weaning growth performance (12 males and 12 fe-

males). These animals were 2.5 months old on average with an average weight of 14.54 ± 0.86 kg. For this test, the animals were

distributed in 4 pens of 6.25 m 2 (2.5 m x 2.5 m). Each box was equipped with a feeder and an automated watering system.

Figure 2: Partial view of the livestock building

Plant Material

The plant  material  consisted of  cocoa shell  meal  and brewers'  spent grains.  Cocoa shells  were collected fresh from a peasant

plantation in the Tonga subdivision in December. The shells were cut into small pieces and dried at room temperature (25 0 C)

for 10 days to 14 days. At the end of this drying, the shells were ground using a mixer grinder to obtain cocoa shell meal (Figure

3a). Brewers' spent grains were obtained from a brewing company in the town of Bafoussam in the Mifi division. This spent
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grains were dried away from the hot sun at room temperature for 10 days to obtain dried brewers' spent grains (Figure 3b).

Samples of 100 g of cocoa shell meal and dried spent grains were taken and stored in an envelope in order to determine their

chemical compositions in the laboratory.

Figure 3: Brewers' spent grain (a) and cocoa shells (b)

Conducting the Trial

Evaluation of the Chemical Composition of Cocoa Shell Meal and Dried Spent Grains

Analysis of the chemical composition of cocoa shell powder and dried spent grains was carried out in order to determine their

dry matter, ash, organic matter, crude cellulose, crude protein, fat and crude energy contents. These analyses were carried out

at the Animal Nutrition and Feeding Laboratory of the Faculty of Agronomy and Agricultural Sciences of the University of

Dschang using the method described by the AOAC (2000).

Preparing rations

The different rations were formulated, mixed before being served to the piglets.  The ingredients were purchased from a feed

mill in the city of Bangangté. For this trial, four rations were made by gradually substituting wheat bran with cocoa shell pow-

der and dried spent grain at different rates (Table 1). These rations consisted of a control ration (CD0) without cocoa shell pow-

der or dried spent grain , a ration (CC50) containing 50% cocoa shell meal, a ration (DB50) containing 50% dried spent grain and

a ration (CD50) containing 25% cocoa shell powder and 25% dried spent grain. Water was provided ad libitum throughout the

trial period.
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Table 1: Centesimal and chemical composition of the different rations

Ingredients CD0 CC50 DB50 CD50

But 59 59 59 59

Wheat bran 17 8.5 8.5 8.5

Cottonseed cake 8 8 8 8

Soybean meal 8 8 8 8

Palm kernel cake 1 1 1 1

Fish meal 4 4 4 4

Shellfish 1 1 1 1

Premix 2% 2 2 2 2

Cocoa shell flour 0 8.5 0 4.25

Dried spent grain 0 0 8.5 4.25

Total 100 100 100 100

Gross energy (kcal/kg) 2736.76 2948.03 3010.08 2979.06

Crude protein (%MS) 17.86 16.92 18.41 17.66

Crude cellulose (% DM) 6.52 8.77 7.53 7.15

Fat content (%MS) 3.23 3.33 2.91 3.13

Evaluation of Growth Performance

Evaluation of Food Consumption

Feeds  were  weighed daily  and fed  twice  daily  (in  the  morning between 8.00  and 9.00  and in  the  evening between 15.00  and

16.00). Mean feed consumption (kg/d) was determined based on the age of the animals and the duration of feed consumption

(Table 2).

Table 2: Feed consumption of piglets during fattening

Weeks Quantity/subject/days (kg) Quantity/batch/day (kg) Quantity/batch/week (kg)

1 0.75 4.5 31.5

2 0.75 4.5 31.5

3 1 6 42

4 1 6 42

5 1.5 9 63

6 1.5 9 63

7 1.75 10.5 73.5

8 1.75 10.5 73.5

Evaluation of Weight Performance in Piglets

The growing piglets were randomly distributed into pens. After a two-week period of adaptation to the new feed, the animals
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were weighed. At the end of this period, the growing piglets were weighed fasting for eight weeks. The weight of the animals

was recorded using a precision electronic scale 0.5 kg brand TCS-300 kg, voltage 220V. This made it possible to evaluate the

weight evolution of the pigs, total gains (TG), average daily gains (ADG) and consumption indices (CI).

Statistical Analysis

Growth  performance  data  were  subjected  to  one-way  (feed  ration)  analysis  of  variance  following  the  general  linear  model

(GLM). When significant differences existed between treatments, separation of means was done by Duncan's test at the 5% sig-

nificance level (Steel and Torrie, 1980). The analysis software used was SPSS 21.0.

Results

Chemical Composition of Cocoa Shell Meal and Dried Spent Grains

The analysis shows that cocoa shell meal is composed of 87.25% dry matter, its gross energy value of 3957.45 kcal/kg, protein of

3.79% and crude fiber of 21.68% , it could therefore be well used in animal production despite its low protein content (Table 3).

The analysis of dried spent grain shows that it is an excellent ingredient to be valued in animal feed in view of its high protein

content in crude protein (21.55%), energy (4698.13 kcal/kg) and its high crude fiber content (12.63).

Table 3: Chemical composition of cocoa shell meal and dried spent grain

Chemical characteristics Cocoa shell Dried spent grain

Dry matter (%) 87.25 90.81

Organic Matter (%MS) 89.22 96.32

Crude Protein (%MS) 3.79 21.55

Fat content (%MS) 0.91 5.61

Crude cellulose (% DM) 21.68 12.63

Ash (%MS) 10.78 3.68

Gross energy (Kcal/Kg MS) 3957.45 4698.14

Effect of the Level of Incorporation of Cocoa Shell Meal or Dried Spent Grains on the Evolution of the Aver-
age Daily Gain of Pigs During Fattening

Table 4 shows that between the first and second weeks there was no significant difference (P≥0.05) between the different batch-

es. At week 3, the ADG of the animals fed with the CC50 rations and CD50 were comparable (p>0.05) with the ADG of animals

fed with the DB50 rations, but significantly (p<0.05) lower than the weights of animals fed the control ration. At weeks 4 and 6,

no significant difference (P≥0.05) was observed between the different batches. The ADG obtained from the DB50 ration at the

fifth week was significantly (p<0.05) higher than the ADG obtained from the CD0, CC50, and CD50 rations which were compara-

ble (P>0.05) with each other. At the seventh week, the ADG of pigs fed with the CD0, DB50, and CD50 rations were comparable

(P>0.05) and significantly (p<0.05) higher than the value obtained with the CC50 ration. The same observation was made at the

eighth week of fattening the pigs.
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Table 4: Evolution of the average daily gain of piglets during fattening

Average daily gain (Kg) Treatments

CD0 CC50 DB50 CD50 P

Week 1 0.28± 0.02 
a

0.25± 0.05 
a

0.29± 0.14 
a

0.30± 0.06 
a

0.10

Week 2 0.42±0.09 
a

0.46±0.09 
a

0.53±0.08 
a

0.48± 0.20 
a

0.07

Week 3 0.62±0.07 
a

0.48±0.05 
b

0.55±0.12 
ab

0.49±0.08 
b

0.00

Week 4 0.51±0.11 
a

0.45± 0.07 
a

0.52± 0.11 
a

0.51±0.05 
a

0.07

Week 5 0.47± 0.11 
b

0.48± 0.10 
b

0.68± 0.10 
a

0.50±0.08 
b

0.00

Week 6 0.52±0.13 
a

0.53± 0.01 
a

0.55± 0.08 
a

0.57±0.10 
a

0.11

Week 7 0.54±0.08 
a

0.37±0.13 
b

0.61±0.04 
a

0.57±0.08 
a

0.00

Week 8 0.67±0.12 
a

0.38±0.18 
b

0.68±0.08 
a

0.61±0.11 
a

0.00

a and b : means with the same letter on the same line are not significantly different at the 5% threshold, p: probability , CD0, CC50,

DB50, and CD50 : rations whose wheat bran substitution rates for cocoa shell meal and/or dried spent grains are respectively 0,

50%, 50 % and 25+ 25% .

Effect  of  the  Level  of  Incorporation  of  Cocoa  Shell  Powder  or  Dried  Spent  Grains  on  the  Weight  Perfor-
mance of Pigs during Fattening

Piglet weights at the beginning of the study showed no significant difference (P>0.05) between them (Table 5). After 9 weeks of

fattening, the weights of animals fed the control (CD0) and CD50 diets were comparable (p>0.05), but significantly (p<0.05)

higher than the weights of animals fed the CC50 diet. In addition, the significantly (p<0.05) lowest weight performances were ob-

tained with the CC50 diet and the highest with the DB50 diet. However, the weight performances obtained with the CD0 and CD50

diets remained comparable (p > 0.05) at the end of the trial.

Table 5: Weight performance of piglets during fattening

Settings Treatments

CD0 CC50 DB50 CD50 P

Initial weight 14.63± 0.51 a 14.31 ± 0.72 a 14.63 ± 0.63 a 14.58 ± 0.64 a 0.79

Final weight 42.80± 0.79 b 37.61±0.57 c 45.58± 0.40 a 42.85±0.71 b 0.00

TG (kg) 28.17± 0.65 b 23.3±0.55 c 30.95± 0.94 a 28.27±0.51 b 0.00

ADG (kg/d) 0.50 ± 0.01 b 0.43± 0.01 c 0.55± 0.02 a 0.50±0.01 b 0.00

a, b and c: means with the same letter on the same line are not significantly different at the 5% threshold, p: probability, CD0, CC50,

DB50, and CD50: rations whose wheat bran substitution rates for cocoa shell powder and/or dried spent grains are respectively 0,

50%, 50% and 25+25, TG: Total Gain, ADG: Average Daily Gain.
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Effect of the Level of Incorporation of Cocoa Shell Meal or Dried Spent Grains on the Consumption Index of
Pigs during Fattening

The quantities of feed rationed and distributed proportionally in each batch, the parameter that varied the weekly consumption

index remained only the average weekly gain. It emerges from this study that between the first and second week, the consump-

tion index was not significantly affected (p≥0.05) in the different batches (Table 6). Similarly, the consumption indices of batch-

es CD0, CC50, DB50, and CD50 at the 3rd, 4th and 6th week were comparable (p≥0.05) between them. On the other hand, the consump-

tion indices of the different batches were significantly different (P≤0.05) at the 5th, 7th and 8th week of the trial. Indeed, batch

CC50 presented the highest consumption index for these periods unlike the DB50 ration which recorded the lowest consumption

index. Figure 16 illustrates the variation of the consumption index during the experimental study, at the last week, the differ-

ence is very significant between the different batches. Batch which receive 50% of cocoa shell records the highest CI compared

to the other batches. Batches 1 and 4 present comparable CI and batch 3 stands out for having the lowest consumption index.

Table 6: Consumption indices of different rations during fattening

CI Rations

CD0 CC50 DB50 CD50 p

Week 1 2.71±0.49 a 3.16±12.15 a 3.56±0.58 a 2.67±0.52 a 0.28

Week 2 1.95±0.57 a 1.73±0.29 a 1.49±0.39 a 2.12±0.24 a 0.87

Week 3 1.69±0.42 a 2.12±0.01 a 1.9±0.2 a 2.17±0.26 a 0.36

Week 4 2.13±16.87 a 2.36±0.90 a 2.02±0.37 a 2.05±2.90 a 0.59

Week 5 3.16±0.50 a 3.42±0.39 a 2.27±0.05 b 3.11±0.43 a 0.041

Week 6 3.0±0.11 a 2.82±0.44 a 2.84±0.09 a 2.74±0.06 a 0.61

Week 7 3.32±0.10 b 4.72±0.31 a 2.93 ±0.4 b 3.16±0.42 b 0.01

Week 8 2.76±0.15 b 4.01±1.17 a 2.67±1.24 b 2.92±0.64 b 0.00

a and b : means with the same letter on the same line are not significantly different at the 5% threshold, CI: Consumption Index, p:

probability, CD0, CC50, DB50, and CD50: rations whose wheat bran substitution rates for cocoa shell powder and/or dried spent

grains are respectively 0, 50%, 50% and 25+25.

Effect of the Level of Incorporation of Cocoa Shell Powder or Dried Spent Grains on the Average Feed Con-
sumption Index of Pigs

At the end of this study, the mean consumption indices of pigs fed the control, DB50  and CD50  rations were comparable

(p<0.05), but significantly lower than the CC50 rations (Figure 4).
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Figure 4: Average feed consumption index of pigs
a and b : means with the same letter on the same line are not significantly different at the 5% threshold, CI: Consumption Index,

CD0, CC50, DB50, and CD50: rations whose substitution rates of wheat bran by cocoa shell powder and/or dried spent grain are re-

spectively 0, 50%, 50% and 25+25.

Effect of the level of incorporation of cocoa shell powder or dried spent grains on the cost of production of
the different rations for the production of one kg of live weight

It emerges from this study that the lowest production cost of a kg of feed was obtained with the CC50 ration (Table7). However,

the calculation of the feed production costs of live weight according to the consumption index shows that the subjects receiving

the BD50 ration allowed to have the lowest and most economical price per kilogram of live weight.

Table 7: Analysis of the cost of food production by live weight

Settings Rations

CD0 CC50 DB50 CD50

Price for 100Kg food (FCFA) 35552.5 35020.5 35531.09 35275.31

Price for 1kg food (FCFA) 355.53 350.21 355.31 352.75

Cost (FCFA) food/kg PV 924.37 1050.63 852.74 917.15

PV: Live Weight, CD0, CC50, DB50, and CD50: rations whose wheat bran substitution rates by cocoa shell powder and/or dried

spent grain are respectively 0, 50%, 50% and 25+25.

Discussion

Analysis of the chemical composition shows that cocoa shell meal has a crude protein content of 3.79% DM and a crude cellu-

lose  content  of  21.68% DM. These  rates  are  lower  than the  values  reported by  Meffeja  [4].  As  for  the  crude protein  content

(21.55 % DM) and crude cellulose (12.63% DM) of dried spent grain, it is close to the results of Guermah [7] who found 20.4%

crude protein and 13.05% crude cellulose. After 9 weeks of fattening, the significantly lowest weight performance was recorded

with the ration containing cocoa shell meal in 50% substitution of wheat bran. This could be explained by the fact that this ra-
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tion has a higher fiber value than other rations. According to previous studies, the fiber level in the ration would decrease its di-

gestibility and the average retention time of the food in the digestive tract because of a laxative effect of the fibrous substances

in the digestive tract [8-10]. This resulted in a decrease in weight gain. Due to the very low digestibility of its nutrients, cocoa

shells  seem  to  be  more  suitable  for  animals  in  the  finishing  or  breeding  phase  (lactating  sows)  than  for  those  in  the  rapid

growth phase. However, the weight performances obtained with the CD0 and CD50 rations remained comparable (p>0.05) at the

end of the trial. Thus, cocoa shells meal and dried spent grain can be incorporated into the ration with wheat bran substitution

rates of 25% for each without affecting the pigs' weight performances. With rations served in equal quantities, the dietary factor

that can affect the feed conversion rates remains the quality of the feed and its effectiveness in weight gain. The lower feed con-

version rate values obtained in the control group, group 3 and group 4 express a better use of these feeds by the pigs. These im-

provements in consumption index could be explained by an additional supply of vitamins and amino acids by the spent grain

in the feed rations [4]. It emerges from this study that the ration containing 50% incorporation of dried spent grain is the one

with the lowest and most economical price per kilogram of live weight. Which makes it more efficient and more profitable than

the other rations. This is in line with the studies conducted by Meffeja [4]which shows that the use of silage spent grain from

breweries can be economically profitable at 30% incorporation in the rations of post-weaning piglets and up to 50% incorpora-

tion for the physiological phases of growth and finishing.

Conclusion

The results obtained from this study show that cocoa shell meal and dried brewers' spent grains have varied and enriched nutri-

tional values, so the exploitation would be beneficial in pig farming. The DB50 ration  ( containing 50% dried brewers' spent

grains) was better valued than the other rations by growing pigs, thus reducing the production cost per kilogram of live weight.

The combination of cocoa shell flour and dried brewers' spent grains had a comparable effect to the control ration on the

growth performance of pigs and on the production costs per kg of live weight. The dried brewers' spent grains therefore attenu-

ated the negative effects of cocoa shell meal compared to the CC50 ration where it was substituted alone.
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