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ABSTRACT 
Diet quality, especially its protein content can improve pigs’ performances and immune status. This study 
aims at assessing the effects of varying energy and protein contents in diet on pigs’ growth performances and 
immune status through two periods of experiments: growing and fattening. A total of 32 weaned pigs (growing 
period, 56 days) and 32 fattening pigs (fattening period, 84 days) were assigned to P14 (Diet containing 14% 
CP and 2000 Kcal of DE/kg of DM), P18 (18% CP and 2500 kcal of DE/kg of DM), P22 (22% CP and 3000 kcal of 
DE/kg of DM) and control diets. Blood was taken every 14 days for serum immunoglobulins IgM, IgG and IgA 
analyses using ELISA method to assess pig immune status. Pigs were challenged at the 56th and 66th days of 
the fattening period, by subcutaneous injection of ovalbumin. The best growth performances were recorded 
in P22 and P18 diets with the highest average daily gain and the lowest feed conversion ratio. Serum IgM levels 
were high in P22 and P18 groups in both two periods. Serum IgG was also higher in the serum of fattening 
pigs of the P22 and P18 groups. IgA serum level was high in growing pigs of the P14 group. Specific anti-
ovalbumin IgG was higher in P18 and P22 on day 14 after immunization. This study revealed that pigs’ 
performances and immune status strongly related to diet quality. Pigs nutritionists and breeders’ associations 
are therefore expected to improve feed quality using available local feedstuffs to improve pigs’ performances 
and resistance.  
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INTRODUCTION 
 
Breeding is a mainstay of the global food supply and 
agricultural economy. It is one of the  fastest-growing 

agricultural subsectors, particularly in developing 
countries     (Sajeev et al., 2018).     With      the    global  

Journal of Agricultural Science and Food Technology                                                      
Vol. 5 (9), pp. 218-228, November, 2019 
ISSN: 2465-7522 
Full Length Research Paper 
https://doi.org/10.36630/jasft_19055 
http://pearlresearchjournals.org/journals/jasft/index.html 

 



Pascal  et al.         219 
 
 
 

 
 

Figure 1. Study areas. 

 
 
 
demographic growth, the population foodstuff needs 
especially that in animal-derived food, is steadily 
increasing (FAO, 2018), resulting in an increase of short-
cycle animal production, particularly pig. Pig breeding is 
an important source of protein for humans. Pigs sustain 
the livelihoods of smallholders in several rural areas by 
alleviating poverty because it generates incomes and 
also plays a socioeconomic role across Africa (Akilimali 
et al., 2017). Thus, diseases could result in significant 
economic losses for breeders (Liu et al., 2015; Tang et 
al., 2015). Several strategies are used to ensure animal 
health such as vaccines, antibiotics and balanced feed 
(Tang et al., 2018). Nutrient contents in the feed are able 
to boost the immune system of pigs (Stein, 2007).  
However, in several Sub-Saharan countries and more 
particularly in Benin, feeding remains the main obstacle 
to pig production (Houndonougbo et al., 2012; Djimenou 
et al., 2017). However, pig rearing is facing difficulties 
such as feed costs due to the price of imported raw 
materials and feed availability. These difficulties lead 
breeders to formulate diets themselves and 
consequently, these diets are usually unbalanced and do 
not meet pig feed requirements. Diet formulation is 
random and hazardous depending on available 
feedstuffs, then diets are often poor quality (Kiki et al., 
2018). Hence, several studies had reported that nutrients 
including protein as well as amino acid balance, can 
improve immune function (Tang et al., 2015, 2018; Peng 
et al., 2016). Information on local pigs’ immune status 
and feed requirements are scarce. In Benin, only 
Agbokounou et al. (2017a, b) work focused on immune 

quality of colostrum and immune status of local piglets. 
Therefore, this work aims at evaluating the effect of 
protein and energy contents of diet on crossbreeding 
pig’s immune status and performances in the Benin 
context.  
 
 
MATERIALS AND METHODS 
 
Study Area  
 
The study was carried out on breeders’ farm in South-
Benin (Ouémé Departement, Adjarra) (Figure 1). The 
climate is subequatorial characterized by two rainy (from 
April to July and from September to November) and two 
dry seasons. The average rainfall is between 900 mm 
and 1500 mm. The ambient temperature varies between 
25 and 30°C. Agriculture is oriented towards food crops 
such as maize, tubers and legumes. The animal species 
bred are cattle, sheep, goats, pigs and poultry (guinea 
fowl, hens, pigeons, duck and turkey) (Gandonou, 2006).  
 
Animals Feeding, Housing and Data Collection 
 
A total of 64 pigs from crossbreeding between exotic and 
local breeds were used for this experiment. As described 
by Youssao et al. (2018), these pigs have an average 
length of 79 cm, a long pelvis of 23 cm and a long head 
of 31 cm. These genetic types have a white coat color 
with various patterns (uniform, spotted or magpie). The 
head has generally a concave profile  with  a  short   and  
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Table 1. Diets proximate centesimal compositions. 
 

Composition (% FM) P14 P18 P22 Control* 

Corn 4 23 40.3 - 
Wheat bran 35.7 0 5.4 - 
Corn bran 40.5 36 0 - 
Palm kernel cake 12 15 15 8 
Soya meal 5 22.7 36 8 
Pig commercial feed - - - 65 
Bakery waste /corn bran/corn flour** - - - 19 
Oyster shell 2 2.5 2.5 - 
Salt 0.5 0.5 0.5 - 
Lysine 0.3 0.3 0.3 - 
Total 100 100 100 100 
Cost of Kg of feed (Fcfa) 148 212 250 160  
Chemical composition 
Calculated value 
Dry mater (%FM) 87.9 88.3 88.0 - 
Crude protein (% DM) 14 18 22 - 
DE (Kcal/ Kg of DM) 2000 2500 3000 2952.1 
Ash (% DM) 7.5 7.5 6.7 - 
Ether extract (% DM) 4.3 3.8 3.6 - 
Crude fibre (% MS) 11.3 9.2 6.3 - 
Threonine (% MS) 0.5 0.6 0.8 - 
Metionine+cysteine (% MS) 0.5 0.5 0.7 - 
Glutamine 2.2 2.8 3.8 - 
Aspartate 0.9 1.6 2.1 -  
Analysed data2 
Dry mater (%FM) 82.9 83.3 82.9 85.7 
Crude protein (% DM) 15.7 20.2 25.8 16.2 
Ash (% DM) 6.3 7.0 7.5 8.1 
Ether extract (% DM) 6.8 6.2 4.1 5.2 
Crude fiber (% MS) 10.9 7.1 5.7 12.5 

 

FM: fresh material; DM: dry matter; DE: digestible energy. * The control feed is made by the breeder by mixing 
commercial pig feed (GVS, Cotonou, Benin) with cakes, bakery waste and corn flour or corn bran. ** Bakery waste 
is more used; the breeder uses corn waste when the bakery waste is not available.1 The calculated data were 
obtained by Evapig® software (Ajinomoto Euro lysine S.A.S., INRA and AFZ, Paris, France) for experimental 
rations. The value of the digestible energy for the control feed was estimated after laboratory analysis by the 
equation ED = 4151-12.2 * ash + 2.3 * crude protein + 3.8 * ether extract - 6.4 * crude fiber (Noblet et al., 1993).2 
The actual chemical composition was obtained after laboratory analysis by AOAC methods (AOAC, 1990). 

 
 
cylindrical snout. Ears are long, mostly erect and oriented 
forward (Youssao et al., 2018). The experiment was 
carried out in two periods: growing period with 32 piglets 
37-day-old, 7.6 ± 0.6 kg live weight, and fattening period 
with 80 to 90-days-old pigs (N=32), 14.6 ± 2.0 kg live 
weight. Pigs were reared in pigsties (3 x 2.5 m) equipped 
with feeders and waterer. The same diets were used in 
both two experimental periods. Animals were fed with a 
control diet and experimental diets. The control diet was 
a homemade feed formulated by the pig breeder by 
mixing commercial diet with other raw materials and its 
composition was variable. Main raw materials such as 
soybean meal, bakery waste (unused wheat flour), corn 
flour or corn bran were often used. Three experimental 
diets were used and the first contained 14% CP and 2000 
kcal DE/kg DM (P14), the second contained 18% CP and 
2500 kcal DE/kg DM (P18) and the third containing 22% 
CP and 3000 kcal DE / kg DM (P22).  
The diets proximal centesimal compositions of 
experimental diets are presented in Table 1. The animals 
were fed at 8 am and 4 pm and refusal were recorded 
the next day before offering a fresh feed. Amounts of 

feed offered to animals were gradually increased and 
adjusted weekly according to pigs’ feed requirements. 
For each period, the experimental design used was the 
complete randomized block with four treatments and two 
repetitions of four animals per treatment. The 
experiments lasted 56 days for the growing period and 
84 days for the fattening period. Animals were fed ad 
libitum and weighed weekly using a dynamometric scale 
(Silverline 251087®, 200 kg, sensitivity 1 kg, Turkey) and 
an electronic scale (WeiHeng® 50 kg, sensitivity 10 g). 
Average Daily Gain (ADG) and Feed Conversion Ratio 
(FCR) were calculated weekly. The economic analysis 
was performed taking into account the production costs 
of each kilogram of body weight gain (CWG) from the 
formula: 

  

 
 
Evaluation of Immune Status 

 
Blood samples (5 ml) were collected using 21G  needles 

𝐂𝐖𝐆 = 𝐅𝐂𝐑 ∗ 𝐂𝐨𝐬𝐭 𝐨𝐟 𝐊𝐠 𝐨𝐟 𝐟𝐞𝐞𝐝 



  
 
 
 
in vacuum tubes (Vacutainer®, Becton Dickinson, USA) 
in jugular vein from each weaned piglet on days 0, 14, 
28, 42 and 56 in the growing period and on days 0, 14, 
28, 42, 56, 70 and 84 from fattening pigs during the 
second period. The serum was separated by 
centrifugation and stored at -20°C until the analyses. 
Fattening pigs were immunized against ovalbumin on the 
56th and 66th days by subcutaneous injection of 1 ml of 
ovalbumin (2 mg/ml) (Sigma, USA) dissolved in 
phosphate-buffered saline (PBS) and mixed with equal 
volume of incomplete Freund’s adjuvant (Sigma, USA). 
Blood samples collected from these pigs on 70 and 84 
days were also used to determine specific anti-
ovalbumin immunoglobulins. 
 
Total Immunoglobulin’s Measurement  
 
Total immunoglobulins including IgM, IgG and IgA were 
analyzed in pigs’ serum by ELISA using Pig-
Immunoglobulin ELISA quantification set (Bethyl 
Laboratorie, Montgomery, Texas, USA) as described by 
Boudry et al. (2007) with slight modification.  
 
Total IgM 
 
Microtitre plates 96 well (Thermo Scientific, USA) were 
incubated overnight at 4°C with 100 μl/well of goat anti-
pig IgM (10 μg/ml) (Bethyl Laboratorie, Montgomery, 
Texas, USA) in 0.05 M sodium carbonate buffer (pH 9.6) 
(Sigma, USA). The plates were then washed 5 times with 
200 μl of PBS (50 mM Tris, 138 mM NaCl, 2.7 mM KCl, 
pH8, 0.1% Tween 20) (PBS Tween) and non-specific 
antigenic sites were saturated with 5% skimmed milk in 
PBS 0.1 Tween 20 (Sigma, USA) for 1 h at room 
temperature. After saturation, microtitre plates were 
incubated with 100 μl of diluted 1:10 000 pig serum for 
1h at room temperature. The total IgM was detected by 
peroxidase-labeled goat anti-pig IgM (100 μl/well of 1:60 
000 recommended dilution; Bethyl, USA). The 
peroxidase activity was revealed by 
Tetramethylbenzidine (TMB) (Sigma, USA). The optical 
density was measured at 450 nm using ChroMate® 
ELISA plate reader (Awareness Technology, Palm City, 
USA). Purified porcine IgM was used as a control and to 
generate the standard curve for calculating the 
immunoglobulin concentrations of the samples. 
 
Total IgG 
 
A method similar to that described above was used to 
determine the total IgG concentration. Goat anti-pig IgG 
(Bethyl Laboratorie, Montgomery, Texas, USA) were 
used for incubation. The pig serum samples were diluted 
in 1:80 000. Purified porcine IgG (Bethyl, USA) was used 
as a control and to generate the standard curve for 
calculating the immunoglobulin concentrations of the 
samples. The peroxidase-labeled goat anti-pig IgG (100 
μl/well of 1:100 000 recommended dilution; Bethyl, USA) 
was used for IgG detection. 
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Total IgA 
 
A similar method was used to determine the total IgA 
concentration. Goat anti-pig IgA (Bethyl Laboratorie, 
Montgomery, Texas, USA) were used for incubation. The 
pig serum samples were diluted in 1:6 000. Purified 
porcine IgA (Bethyl, USA) was used as control and to 
generate the standard curve for calculating the 
immunoglobulin concentrations of the samples. The 
peroxidase-labeled goat anti-pig IgA (100 μl/well of 1:100 
000 recommended dilution; Bethyl, USA) was used for 
IgA detection. 
 
Specific Immunoglobulin Measurement 
 
The concentration of specific anti-Ova antibodies (IgM, 
IgG and IgA) were determined by the ELISA method 
according to the protocol described by Meissonnier et al. 
(2008). Microtitre plates were incubated overnight at 4°C 
with 100 μl/well of ovalbumin (2 μg/ml) in 0.05 M sodium 
carbonate buffer at pH 9.6 (Sigma, USA). After washing 
with 200 μl of PBS Tween (50 mm Tris, 138 mm NaCl, 
2.7 mm KCL pH8, 0.1% Tween 20), the plates were 
saturated with 200 μl/well of 5% skimmed milk (Sigma, 
USA) in PBS Tween and incubated for 2 h at room 
temperature. After washing, 50 μl of each diluted serum 
sample or standard were added in duplicate in the wells 
and plates were incubated at room temperature for 2 h. 
The standard serum used was obtained from a 
hyperimmune pig. Specific anti-Ova immunoglobulins 
were detected with peroxidase-labeled goat anti-pig 
(IgM, IgG or IgA) (50 μl/well of 1:40 000 Bethyl 
Laboratories, USA) at room temperature for 1 h. The 
peroxidase activity was revealed with TMB (Sigma, USA) 
for 15 min protected from light. The optical density was 
measured at 450 nm. The results were expressed in 
arbitrary units relative to standard serum. 
 
Statistical Analyses 
 
The SAS (Statistical Analysis System, 2012) software 
was used for data analysis. Mean weights, ADG, Feed 
intake, FCR, CWG and serum immunoglobulins levels 
(IgG, IgA and IgM) were compared using the Proc GLM 
(General Linear Model) procedure for the analysis of 
variance. The F test was used to determine the 
significance of the diet or period effect then, the least-
squares means were estimated and compared within 
variables by the Student test. The fixed effects which 
were taken into account in the model are the diets 
(control, P14, P18 and P22) and the physiological state 
(post-weaned and growing).  
 
 
RESULTS 
 
Growing and Fattening Pig Performances 
 
Growing  pigs’ performances  are  reported  in  Table 2. 
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Table 2. Growing pig performances. 
 

Parameters Control P14 P18 P22 Test of Significance 
1Initial weight (kg) 7.6±0.7 a 7.3±0.5a 7.8±0.5 a 7.9±0.62 a NS 
Final weight (kg) 18.8±3.3c 22.3±2.6b 26.0±2.0a 27.3±1.6a *** 
ADG28 (g/j) 120.5±54.0c 195±52.4b 266.9±66.9a 299.2±28.0a *** 
ADG56(g/j) 280.4±40.9c 341.8±37.7b 383.1±17.3a 393.7±38.5a *** 
ADG(g/j) 200.4±47.4c 268.4±41.6b 325.0±31.3a 346.4±27.6a *** 
Feed intake (g/j) 690.5±71.4b 784.2±58.8a 839.3±48.7a 789.1±26.9a *** 
FCR28 5.1±2.7a 3.3±0.6b 2.6±1.0b 2.0±0.3b ** 
FCR56 3.2±0.2a 2.8±0.1b 2.7±0.2cb 2.5±0.3c *** 
FCR 3.7±1.0a 2.9±0.5b 2.6±0.3bc 2.3±0.2c *** 
CWG (Fcfa) 570.6±94.6a 437.8±42.6b 554.8±87.3a 574±65.8a ** 

 
1Initial weight: Average weight of 37 days old piglets at the beginning of experiments. NS: Not significant; *: p<0.05; ** p<0.01; ***: 
p<0.001. P14: Diet containing 14% CP and 2000 kcal DE / kg DM; P18: Diet containing 18% CP and 2500 kcal DE / kg DM; P22: Diet 
containing 22% CP and 3000 kcal DE / kg DM. Control: The control diet is commercial feed purchased from Groupe Veto Service 
(Cotonou, Benin) and mixed with cakes and wheat or corn by-products. FCR28: Feed Conversion Ratio at day 28; FCR56: Feed 
Conversion Ratio from day 28 to day 56; FCR: Average Feed Conversion Ratio. ADG28: average daily gain from day 0 to day 28; 
ADG56: average daily gain from day 28 to day 56; ADG: average daily gain throughout. The means in the same row followed by 
different letters are significantly different at the threshold of 5%. 

 
 

Table 3. Fattening pig performances. 
 

Parameters Control P14 P18 P22 Test of Significance 

Initial weight (kg) 14.7±3.1a 14.4±2.3a 14.8±1.6a 14.9±1.9a NS 
Final weight (kg) 38.7±7.8b 48.0±4.6a 46.3±9.5ab 50.3±11.1a * 
ADG28 (g/j) 269.2±74.7a 303.9±42.9a 306.2±92.3a 246.1±111.8a NS 
ADG56 (g/j) 336.2±133.4a 387.9±93.2a 322.2±95.3a 347.1±128.3a NS 
ADG84(g/j) 254.4±185.4c 504.9±179.3a 494.2±147.7a 671.5±268.2a ** 
ADG (g/j) 286.6±56.5b 398.2±51.7a 374.2±97.4ab 421.6±125.0a * 
Feed intake (Kg) 102.7±2.3a 102.3±0.0a 92.6±3.05b 84.9±1.8c *** 
FCR28 4.2±1.6 3.1±0.4 3.2±1 4.1±2 NS 
FCR56 4±1.3 3.6±1.4 3.9±1.5 3.2±1.6 NS 
FCR84 2.6±5.8 3.4±2.1 2.8±0.9 2.3±1.2 NS 
FCR 4.41±0.9a 3.10±0.4b 3.13±0.9b 2.7±1.1b ** 
CWG (FCFA)  706.2±139.5a 459±65.9b 663.7±182.0a 664.8±270.7a * 

 

NS: Not significant; *: p<0.05; ** p<0.01; ***: p<0.001. P14: Diet containing 14% CP and 2000 kcal DE / kg DM; P18: Diet containing 18% CP and 2500 
kcal DE / kg DM; P22: Diet containing 22% CP and 3000 kcal DE / kg DM. Control: The control diet is commercial feed purchased from Groupe Veto 
Service and mixed with cakes and wheat or corn by-products. FCR28: Feed Conversion Ratio from day 0 to day 28; FCR56: Feed Conversion Ratio 
from day 28 to day 56; FCR: Overall Feed Conversion Ratio throughout the test period. ADG28: average daily gain from day 0 to day 28; ADG56: 
average daily gain from day 28 to day 56; ADG: average daily gain throughout the test period. The averages of the same rowan  followed by different 
letters are significantly different at the threshold of 5%. 

 
 
 
Piglets mean live weights at the onset of the experiment 
were between 7.3 kg and 7.85 kg (p>0.05). Final live 
weights recorded in groups P22 and P18 were higher 
(p<0.001). The lowest final average weight was obtained 
in the control group (Table 2). The Average Daily Weight 
Gain at d28 (ADG28) in P18 and P22 were similar but 
significantly higher (p<0.001) than those in the control 
group (CG) and P14. The ADG28 lowest value was 
obtained in CG (P<0.001). The same trend was observed 
on ADG56 and mean ADG values. The feed intake was 
similar in P14, P18 and P22 groups, but significantly 
higher than the control diet (p<0.001). However, the feed 
conversion ratio (FCR) was higher (p <0.001) in CG 
(3.7). Similar FCR were recorded in diets P14 and P18. 
The lowest FCR value was obtained in P22 group (2.3), 
however, this value was similar to that obtained in P14 
(2.6). The lowest cost of weight gain (CWG) was 

obtained in P14 group (p<0.01) and values recorded in 
the other groups were similar. In the fattening pigs, the 
final mean live weights were 48.0 kg, 46.3 kg, 50.3 kg 
and 38.7 kg, respectively in P14, P18, P22 and CG 
(Table 3). Mean weights, as well as ADG in the control 
group, were the lowest (p<0.05). Feed intake was lower 
in P18 and P22 groups. Significantly higher FCR was 
recorded in CG (p<0.01). The cost of weight gain (CWG) 
per kilogram in P14 pigs was significantly the lowest 
(Table 3). 
 
Growing and Fattening Pigs’ Immune Status 
 
Total Immunoglobulin Concentration 
 
Serum total IgM, IgG and IgA concentrations of growing 
pigs    are   presented   in     Table 4.   At the onset of the  
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Table 4. Total immunoglobulin concentrations (mg/ml) in growing pigs’ serum. 

 

Immunoglobulins Group 
Days 

D0 D14 D28 D42 D56 Day Effect 

IgM 

P14 1.4±0.7a 1.2±01a 1.4±0.1b 1.6±0.1b 1.72±0.6b NS 
P18 0.9±0.4bC 1.1±0.2aC 1.8±0.1aB 2.5±0.3aA 2.9±1.1aA *** 
P22 0.7±0.1bB 1.2±0.3aB 1.6±0.2aB 2.9±0.9aA 2.8±1.3abA *** 
Control 0.7±0.1bD 0.9±0.1bCD 1.2±0.3bBC 1.5±0.3bB 2.2±1.0abA *** 
Group effect ** *** *** *** *  

IgG 

P14 5.3±1.3abD 7.5±1.8aCB 7.2±1.9aC 8.8±0.9B 10.4±1.5A *** 
P18 4.0±1.1bD 5.2±1.4bDC 7.2±1.9aBC 9.7±4.3AB 10.1±2.5A *** 
P22 4.3±0.9bB 6.3±0.9abB 6.3±0.5abB 9.2±4.2A 9.3±2.9A *** 
Control 6.7±2.0aB 6.7±1.3aB 5.2±0.8bB 6.4±2.1B 9.2±2.76A ** 
Group effect ** * * NS NS  

IgA 

P14 0.4±0.1abC 0.7±0.1aBC 1.0±0.5aB 1.7±0.4aA 1.5±0.2aA *** 
P18 0.6±0.2aC 0.4±0.1bD 0.6±0.1bBC 0.8±0.2bB 0.9±0.1cA *** 
P22 0.3±0.1bD 0.7±0.3aDC 1.1±0.4aBC 1.6±0.8aA 1.2±0.2bAB *** 
Control 0.5±0.2aC 0.6±0.1aC 0.9±0.2abB 1.0±0.1bB 1.3±0.1bA *** 
Group effect * ** * ** ***  

 

NS: Not significant; *: p<0.05; ** p<0.01; ***: p<0.001. P14: Diet containing 14% CP and 2000 kcal DE/kg DM; P18: Diet containing 18% CP and 
2500 kcal DE/kg DM; P22: Diet containing 22% CP and 3000 kcal DE / kg DM. Control: The control diet is made by the breeder by mixing commercial 
feed (GVS, Cotonou, Benin) with cakes and wheat or corn by-products. IgA immunoglobulin A; IgG: Immunoglobulin G; IgM: Immunoglobulin M. 
abcd: for each class of immunoglobulin, means of the same column followed by different letters are significantly different at the threshold of 5%. 
ABC: means of the same row followed by different letters are significantly different at the threshold of 5%. 

 
 
 
experiment, total IgM concentration was significantly 
higher in the P14 group (p<0.01). On day 14, the lowest 
IgM level was obtained in the control group (p<0.01). 
Serum IgM levels in P18 and P22 groups were higher 
than those in P14 and control groups (p<0.001) on the 
days 28 and 42. At day 56, the P18 group had the highest 
IgM concentration and the lowest was obtained in the 
P14 group (p<0.05). The day effect was not significant 
on IgM concentrations obtained in the group P14 
(p>0.05). On day 28, IgM level increased significantly in 
P18 group compared to the initial value. It also increased 
significantly at day 42 compared to d28 (p<0.001). In P22 
group, IgM concentration increased significantly on day 
42 compared to the initial concentration at day 0 
(p<0.001). The IgM concentration increased significantly 
in the control group at the 28th and 56th day (p<0.001). 
The highest IgG concentrations at the beginning of the 
growing period were obtained in P14 and control groups. 
The total IgG concentration on the 14th day was similar in 
P14, P22 and the control group, but value in P18 was 
significantly lower than in P14 and CG (p<0.05). The 
serum concentrations in IgG on the 28th day were higher 
in P14 and P18 groups and lower in the control group 
(p<0.05) while P22 group had similar value to those of 
the other groups.  
The IgG concentration increased significantly in P14, 
P18 and P22 groups, respectively at days 14, 28 and 42 
(p<0.001). In the control group, a significant increase 
(p<0.01) was observed only on the 56th day. The initial 
IgA concentrations were higher in P18 and control 
groups and the lower in P22 (p<0.05). However, in P14 
group value was similar to those in P18, P22 and control 
groups. In the 14th and 28th days, the IgA concentration 
in P18 group was higher (p<0.05). The highest IgA  was 

obtained in P14 and P22 groups at the D42 (p<0.01). The 
IgA was lower in P18 group and higher in P14 (p<0.001) 
on the 56th day. In all the groups, the IgA concentrations 
varied throughout the experiment. In P14, a significant 
increase was observed at the 42nd day (p<0.001). In P18, 
the IgA concentration decreased significantly on the 14th 
day and then, increased on the 28th and the 56th day. The 
IgA content obtained in P22 group increased significantly 
at D42 (p<0.001). In the control group, IgA concentration 
increased significantly at D28 and D56 (p<0.001).  
The total immunoglobulin concentration in fattening pig 
serum is reported in Table 5. The lowest total IgM levels 
were recorded at d14 and d28 in P14 and the control 
groups (p<0.05). The highest IgM concentration was 
observed in P22 and the lowest in the control group 
(p<0.05) at D42. At d56, IgM concentration in pig’s serum 
was the highest in P14 group (p<0.05). At d84, P14, P18 
and control pigs’ values were lower than that in P22 pigs 
(p<0.05). The highest IgM concentration in the group P22 
was obtained at d84. In the control group, the IgM levels 
were significantly higher at d70 and d84 than that at d42 
and d56 (p<0.05), however, these concentrations were 
similar to those of the other experiment days. The group 
effect was significant IgG concentration at d70 and d84.  
The highest IgG was recorded in P18 and P22 groups 
(p<0.05). In P14 group, the IgG levels increased 
significantly at D42. The highest IgG level was obtained 
on day 56 (p<0.001). The IgG concentration in P18 group 
increased significantly at the D56 (p<0.001). In the P22 
group, a significant increase was recorded at D42 and 
D70 (p<0.001). In the control group, significantly 
decreased in IgG was observed at D28 before a 
significant increase in the days 42 and 70 (p<0.01). 
Group effect was significant on  total  IgA at D0 (p>0.05),  
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Table 5: Total immunoglobulin concentrations (mg/ml) in fattening pig serum. 
 

Immunoglobulins Group 

Days 

Day effect D0 D14 D28 D42 D56 D70 D84 

IgM 

P14 2.6±1.6B 2.2±1.3bB 2.2±1.8bB 2.5±1.4abAB 3.7±1.9aAB 4.1±2.7A 3.7±1.9bAB NS 

P18 3.8±1.4AB 4.7±1.9aAB 5.3±3.0aA 2.8±2.6abBC 1.3±0.6bC 4.1±2.05AB 3.7±1.8bAB * 

P22 2.9±1.9BC 5.1±2.3aAB 4.4±3.0abAB 4.2±1.6aAB 1.6±1.2bC 5.9±2.7AB 6.2±3.4aA * 

Control 2.3±1.4AB 1.8±0.6bAB 2.1±0.2bAB 1.3±0.4bB 1.3±0.3bB 2.9±1.8A 2.6±1.3bA * 

Group effect NS ** * * * NS *   

IgG 

P14 7.2±1.2D 9.9±4.4CD 7.3±1.6D 14.9±6.2AB 16.5±4.3A 14.7±1.1bcAB 12.1±3.4bBC *** 

P18 9.0±4.2CD 7.9±2.1DC 6.9±1.7D 12.6±4.6BC 16.5±5.8AB 18.9±4.9aA 19.8±6.8aA *** 

P22 8.9±4.0D 9.7±2.4CD 7.9±4.9D 13.3±4.7BC 15.8±2.6AB 18.0±3.2abA 17.2±3.3aA *** 

Control 9.9±4.5B 11.3±4.7AB 5.8±2.2C 9.8±2.3B 12.5±3.4AB 13.9±2.2cA 12.4±2.0bAB ** 

Group effect NS NS NS NS NS * **   

IgA 

P14 1.2±0.5abBC 0.9±0.1C 0.9±0.5C 1.4±0.9BC 1.8±1.2BC 2.4±1.3B 3.9±2.2A *** 

P18 1.3±0.4aDC 0.7±0.4D 1.4±0.8DC 1.5±0.8BC 1.5±0.6BC 2.6±1.1A 2.1±0.6AB *** 

P22 1.3±0.9aDC 0.8±0.2D 0.9±0.3D 2.1±0.8BC 2.2±0.9B 2.9±1.0AB 3.4±1.3A *** 

Control 0.6±0.3bB 0.9±0.3B 0.9±0.6B 1.5±0.8B 1.8±0.4B 2.0±1.1B 3.8±3.1A * 

Group effect * NS NS NS NS NS NS   
 

NS: Not significant; *: p<0.05; ** p<0.01; ***: p<0.001. P14: Diet containing 14% CP and 2000 kcal DE/kg DM; P18: Diet containing 18% CP and 2500 kcal DE/kg 
DM; P22: Diet containing 22% CP and 3000 kcal DE/kg DM. Control: Control: The control diet is commercial feed purchased from Groupe Veto Service and mixed 
with cakes and wheat or corn by-products. IgA immunoglobulin A; IgG: Immunoglobulin G; IgM: Immunoglobulin M. abcd: for each class of immunoglobulin, the 
means of the same column followed by different letters are significantly different at the threshold of 5%. ABC: the means of the same row followed by different 
letters are significantly different at the threshold of 5%. 

 
 
however, no significant effect was observed from 
d14 to the end of the experiment. At d0 values in 
P18 and P22 groups were similar and higher than 
that of the control group. The day effect was 
significant on total IgA for all groups. The highest IgA 
level in the P14 group was obtained at d84 (p<0.05). 
In P18 group, it significantly increased at D70 
(p<0.001). In P22 group, the IgA concentration 
increased significantly at D56 and the highest level 
was obtained at the end of the experiment 
(p<0.001). In the control group, a significant 
increase of the IgA content was observed at the end 
of the experiment at D84 (p<0.05). 
 

Specific Anti-Ovalbumin Concentrations 
 
The serum specific anti-ovalbumin  immunoglobulin 

concentrations    are  presented    in Table    6.  The 
specific IgM, IgG and IgA concentrations before the 
challenge were lower than those obtained after 
immunization in all the groups. No significant 
difference was observed in the specific IgM at D14 
and D28 after immunization (p>0.05). The anti-
ovalbumin IgG was significantly lower in the P14 and 
control groups at D14 post-immunization (p<0.05). 
However, the specific IgG levels at D28 post-
immunization were not significantly different 
between groups.  
After the challenge, the specific IgG level increased 
significantly in the control group at D28 (p<0.05). 
There was no significant difference in anti-ova IgA 
levels on the 14th and 28th days after the challenge 
(p>0.05). An   increasing    trend    was   observed  
at        D28     post-immunization      compared     to 

the 14th day post-immunization concentrations in all 
the groups.  

 
DISCUSSION 
 
Growth Performances in Growing and Fattening 
Pigs  
 

Weight differences recorded between the groups 
were certainly related to the diets’ nutrient contents, 
in particular, the protein and energy contents which 
were higher in P18 and P22. The weight gains 
obtained in post-weaned pigs were lower than 
values reported in Cameroon by Meffeja et al. 
(2006). They found 376, 390, 394 and 474 g/d in 
post-weaning crossed piglets (Landrace x Large 
white x  Duroc  x  Berkshire)   fed    iso-protein diets 
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Table 6. Specific anti-ovalbumin concentrations (in arbitrary unit) in fattening pigs’ serum.  
 

Immunoglobulins Group 
Days post-immunisation 

Day Effect 
0 14  28  

IgM 

P14 1.2±0.6B 3.9±1.2A 3.5±2.3AB * 
P18 1.4±0.6B 6.2±2.3A 4.7±1.7A ** 
P22 1.0±0.3B 5.3±2.0A 3.8±2.8AB * 
Control 1.1±0.2B 3.4±1.9A 2.5±0.9AB * 
Group effect NS NS NS  

IgG 

P14 3.2±1.6B 8.9±1.3abA 10.2±5.6aA * 
P18 3.3±2.4B 12.8±6.1aA 15.6±3.3aA ** 
P22 2.8±2.0B 14.3±1.5aA 14.5±4.0aA *** 
Control 1.8±0.9C 5.1±1.2bB 15.7±2.1aA *** 
Group effect NS * NS  

IgA 

P14 1.6±0.8B 4.9±1.1A 6.9±2.2A ** 
P18 0.8±0.1B 4.1±1.3A 4.7±0.5A *** 
P22 0.9±0.5B 3.6±1.5A 4.3±1.8A * 
Control 1.4±0.7B 4.2±1.8A 7.4±0.1A *** 

Group effect NS NS NS  
 

NS: Not significant; *: p<0.05; ** p<0.01; ***: p<0.001. P14: Diet containing 14% CP and 2000 kcal DE/kg DM; P18: Diet 
containing 18% CP and 2500 kcal DE / kg DM; P22: Diet containing 22% CP and 3000 kcal DE/ kg DM. Control: The 
control diet is made by the breeder by mixing commercial feed (GVS, Cotonou, Benin) with cakes and wheat or corn 
by-products. IgA: Immunoglobulin A; IgG: Immunoglobulin G; IgM: Immunoglobulin M. abcd: for each class of 
immunoglobulin, the means of the same column followed by different letters are significantly different at the threshold 
of 5%. ABC: the means of the same row followed by different letters are significantly different at the threshold of 5% 

 
 
 
(20% crude protein) containing variable energy levels 
(2600, 2800, 3000 and 3200 kcal DE/kg, respectively). 
The difference could also be explained by several factors 
such as the breed and the experimental conditions. 
Meffeja et al. (2006) carried out in a research center 
contrary to our study performed in farm conditions. The 
weight gains obtained in the present experiment are 
higher than those reported by Youssao et al. (2009) in 
Benin on crossed piglets (local breed x Large-White) fed 
diet containing 2900 kcal ED/kg and 16% crude protein. 
The low protein content in their diet explained the 
reduction of the growth performances in post-weaning 
piglets. Findings by Nyachoti et al. (2006) confirmed that 
a decrease in dietary protein content below 19% can 
significantly reduce piglet growth rate.  
The post-weaning period is very important for pig 
breeding success. It corresponds to a fast-growing stage 
when piglet’s nutrient requirements are high. Low diet 
nutrient content, especially that of protein, may be 
accompanied by a reduction of essential amino acids 
available for piglets’ growth (Figueroa et al., 2002; 
Nyachoti et al., 2006). In growing pigs, the lowest feed 
intakes were observed in P14 and with control diets. This 
result could be related to the diets chemical composition 
which revealed a high fiber content (about 11% crude 
fiber). According to Holt et al. (2006), Leterme et al. 
(2010) and Ndou et al. (2015), diet with high fiber content 
can have a gastric bulky effect that limits voluntary feed 
ingestion. In addition, several authors reported that fiber 
digestion capacity increases with pigs' age (Wenk, 2001; 
Lindberg, 2014; Carter et al., 2017). This study involved 
post-weaning piglets which would explain the low 
consumption observed in P14 and Control groups. In 

fattening pigs, low feed intake was recorded in high 
energy-protein diets (P18 and P22), When energy 
content is high, feed intake by monogastric, especially 
pigs, is reduced in humid and hot tropical climate 
conditions (Meffeja et al., 2006). But the best FCR was 
obtained with those diets. The ADG values obtained are 
close to those reported by Carter et al. (2017) in Uganda. 
However, lower ADG was recorded in growing pigs by 
Yao et al. (2013) and Kambashi et al. (2016), 
respectively in Ivory Coast and the Democratic Republic 
of Congo. Control diet and lower protein content in P14 
and did not affect significantly ADG and FCR in fattening 
pigs. Similar findings were reported by several 
researchers in growing pigs (Smith et al., 1999; Suarez-
Belloch et al., 2013; Hong et al., 2016; Monteiro et al., 
2017). However, the findings by Suárez-Belloch et al. 
(2015) reported in contrary a significant effect of dietary 
protein content on ADG, feed intake and FCR. According 
to Beaulieu et al. (2009) results, if pigs have the capacity 
to increase feed intake, and therefore energy and protein 
intakes, as their levels in diet decrease, their 
performance is less likely to be affected by a diet with low 
nutritional value. This hypothesis seems to be confirmed 
in this study since the results obtained in fattening pigs 
show an increase in feed consumption where dietary 
protein and energy content were reduced. At the end of 
the fattening period, the pigs in the control group had the 
lowest average daily gain and the highest feed 
conversion ratio. This would  reflect  the  poor  quality of 
the   control diet. Indeed, it was formulated by the breeder 
himself      with   variable   quality    and      composition 
during  the experiment.  Diets   were  obtained  by    
mixing   commercial  diet   with  other   raw  materials. 



 
 
 
 
This practice is common in Benin and other African 
countries (Kagira et al., 2010; Montsho et al., 2012; Kiki 
et al., 2018). It contributes to reducing commercial diet 
nutritional quality that explains, therefore, the 
performances of control pigs. The experimental feed cost 
increased with the diet energy and protein contents and 
had a large impact on the cost of one kilogram of live 
weight gain corroborating the results of Meffeja et al. 
(2006). The cost analysis showed that the diet containing 
less energy and protein could be very economically 
interesting for smallholder pig breeders during both 
growing and fattening periods. 
 
Diet Effect on The Immune Status of Growing and 
Fattening Pigs 
 
The initial IgG concentrations in 37-days-old weaned 
piglets are lower than those obtained by Rooke et al. 
(2003) in weaned piglets (9.2 to 10.2 mg/ml) and by 
Agbokounou et al. (2018) in Benin in local piglets at 
weaning (11.3 mg/ml). However, they are consistent with 
values found by Boudry et al. (2007) in 36-days-old 
Landrace piglets (4.1 to 4.9 mg/ml). Boudry et al. (2007) 
reported in piglets, lower IgA concentrations (0.2 to 0.3 
mg/ml) and higher IgM concentrations (1.2 to 1.9 mg/ml) 
than those obtained in growing pigs. These differences 
could be related to the quantity and quality of colostrum 
ingested at the birth, as this parameter highly determines 
piglets’ serum immunoglobulin concentrations at the 
weaning (Agbokounou et al., 2017b, Agbokounou et al., 
2018). They could also be justified by the sow immune 
status during gestation and its ability to transfer maternal 
antibodies to piglets (Sutherland et al., 2005). This could 
also explain the significant differences observed 
between groups in growing pigs for the initial IgM, IgG 
and IgA concentrations. The initial IgG concentrations 
obtained in fattening pigs were higher than those 
reported by Sutherland et al. (2005) and Grela et al. 
(2014) in 84-days-old growing pigs (5.7 and 6.7 mg/ml, 
respectively) and close to those reported by Chaytor et 
al. (2011) (9.9 mg/ml). The IgM levels are higher than 
those reported by Chaytor et al. (2011) (1.3 mg/ml) and 
Grela et al. (2014) (1.9 mg/ml). The IgA levels obtained 
are also higher than those reported by Grela et al. (2014) 
(0.7 mg/ml). These differences could be related to 
several factors, including breeding conditions and breeds 
as demonstrated by Sutherland et al. (2005), 
Chmielowiec-Korzeniowska et al. (2012) and Tang et al. 
(2018).  
Diet quality impact on immune system function is also 
well-known in both animals and humans (Lim et al., 1997; 
Fortun-Lamothe et al., 2010; Li et al., 2012; Ruth et al., 
2013; Fehervari, 2016; Peng et al., 2016). Several 
studies on diet impact on pig’s immune status were 
based on either iso-energetic feed with variable protein 
contents (Gu et al., 2004; Peng et al., 2016) or iso-protein 
feed with variable energy densities (Zeng et al., 2015), 
contrary to this study where diets protein and energy 
changed the same time. The feed protein content plays 
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an important role in immune function regulation (Ruth et 
al., 2013; Peng et al., 2016). Due to its amino acid profile, 
diet can improve the immune response in animals (Wu, 
2014). Results in this study indicate that a reduction in 
the diet protein content below 18% leads to a decrease 
in serum IgM levels in pigs at the end of both periods and 
IgG levels in fattening pigs. The negative effects of 
dietary protein content on serum IgG had already been 
reported by Peng et al. (2016) and Tang et al. (2018) in 
pigs. The low concentration obtained in pigs fed P14 diet 
could be related to its amino acid profile. In fact, the 
involvement of several amino acids such as threonine, 
glutamine and aspartate in humoral response regulation 
has been reported by several authors (Wang et al., 2007; 
Wu, 2014). In this study, threonine, aspartate and 
glutamine levels in the P14 diet represented, respectively 
57, 44 and 59% of those in the high nutrient density diet 
(P22). Increase in antibody production, particularly IgG 
antibodies with increase of diet threonine content, was 
observed in pigs by Wang et al. (2006), while the 
involvement of glutamine and aspartate in lymphocyte 
proliferation was reported by Kidd et al. (1997), Bongers 
et al. (2007) and Wu et al. (2010). This could, therefore, 
explain the low IgG and IgM levels observed in P14 
group.  
In addition, the lower concentrations of IgM and IgG 
obtained in the control group could also reflect this diet 
poor amino acid profile since it was made by mixing 
commercial feed with raw materials that have low protein 
densities and low amino acid profiles. The production of 
specific anti-ovalbumin IgG was higher in pigs fed high 
nutrient density diets on 14 days post-immunization. This 
increase would also be related to the higher amino acid 
profile in these diets. However, the results obtained in 
this study are contrary to those of Van Heugten et al. 
(1994) who observed no influence of the diet protein 
content on the production of anti-ovalbumin antibodies in 
fattening pigs fed diets containing 12, 20 and 24% crude 
protein. The growing pigs fed the low energy and protein 
density diet had higher serum IgA, especially during the 
last two weeks of the experiment. This could be related 
to the diet higher fiber content. Indeed, the impact of 
dietary fiber on the humoral response in pigs was 
demonstrated by Jha et al. (2019). These fibers are 
fermented in the intestine into short-chain fatty acids that 
can improve the immune response by increasing IgA 
production (Kim et al., 2016; Jha et al., 2019). This also 
seems to be verified in the fattening pigs because the 
serum IgA concentration in animals fed the low energy 
and protein feed was slightly higher than those obtained 
in the other experimental groups. In addition, the ability 
to digest fiber increases with pig age (Lindberg, 2014; 
Carter et al., 2017), and this could explain the high IgA 
concentration at the end of the experiments in groups fed 
the low energy and protein density feed. 

 
CONCLUSION 
 

According   to   the   results,  growing  and fattening pigs' 



 
 
 
 
performances were higher in the experimental groups 
compared to the control group fed with commercial or 
farmers' diet. Hence, commercial and farmers' diets did 
not meet the pig’s nutritional requirements. Diets high in 
protein and energy allow better growth performances 
and immune status through immunoglobulin G 
production, especially during the fattening period. 
Economic calculations showed that a diet low in protein 
and energy is more profitable during both growing and 
fattening periods. However, due to its high fiber content, 
it can only be recommended during the fattening period. 
Furthermore, locally available feedstuffs must be 
identified and their nutritive value must be determined so 
as to provide better recommendations to farmers on their 
efficient use. The study still needs to be deepened by 
assessing the immune status and performances of pigs 
using non-conventional feed resources available in 
Benin. 
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