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Abstract 

Three plant products: Pro-vitamin A cassava leaf meal (CLM), pumpkin stem waste (PSW) 

and moringa leaf meal (MLM) have been known for their high nutritional, antioxidants and 

therapeutic values. The objective of this study was to assess their impacts on performance, 

lipid profile, carcass and sensory characteristics of pork meat. A total of 24 growing boars 

were used in this study. The boars were randomly assigned to four dietary treatments; T1 

(control), T2 (CLM), T3 (PSW) and T4 (MLM). Each treatment was replicated twice with 

three pigs per replicate in a completely randomised design. The experiment lasted for 10 

weeks. Results obtained indicated highest weight gain obtained for boars fed with diet T4 

followed by those fed with diet T2 and T3 while the least was recorded for those fed with diet 

T1. Pigs fed diets T2, T3 and T4 had significantly higher daily feed intake compared to pigs 

fed the control diet. The feed conversion ratio of pigs fed diets T1, T2, T3 and T4 did not differ 

significantly. A significant reduction in abdominal fat was observed in T4 followed by T2 and 

T3. Lipid profile of pigs fed diets T2, T3 and T4 showed declining trend in values of 

abdominal fat, total cholesterol (TC), triglyceride (TG), low density lipoprotein (LDL) and 

very low density lipoprotein (VLDL) with T4 as the lowest. High density lipoprotein (HDL) 

values Increased significantly for pigs fed diet T4 followed by T3 and T2. Significant increase 

in carcass yield and other prime cuts were obtained in T4 followed by T2 and T3 while organ 

weights indicated no significant difference among treatments. Sensory evaluation showed 

that T4 significantly (P<0.05) scored the highest in terms of juiciness, tenderness and overall 

acceptability. This was followed by T2 and T3 while T1 recorded the lowest score.    
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1.0 Introduction 

Pig is among the cheapest sources of animal protein available in today’s world market. 

However, livestock production from developing countries suffer setback due to constant 

shortage of food source, arising from high competition between the growing human 

population and livestock for the same food source. Cost of producing pork meat therefore has 

risen very high in recent times. Consequently, pig producers are to explore ways and means 

of utilising the available alternative feed resources such as moringa leaf, cassava leaf and 

pumpkin stem that are not directly used as human food in Nigeria. With the development of 

Pro-vitamin A cassava in Nigeria being the world’s leading producer of cassava with over 34 

million metric tonne annually, capable of producing 7-20 tonnes of cassava leaves per hectare 

of cassava farmland (Bakanga, 1994; FAO, 2012), the nutritional quality of the cassava leaf 

has been substantially improved through increase in minerals, protein, total carotenoid, 

vitamin A, antioxidants with reduced level of cyanide (Eleazu and Eleazu, 2012).  

Similarly, moringa leaf is rich in protein, vitamins, amino acids, minerals, phenolic 

compound and antioxidants. It has been shown to have a positive effect on meat quality and 

oxidative stability in broilers (Moyo et al., 2012; Qwele et al., 2013) even as Leone et al. 

(2015) reported that dietary antioxidants in moringa can modify meat color, minimize 

rancidity and retard lipid peroxidation. On the other hand, fluted pumpkin whose by-product 

is pumpkin stem is well known for its high nutritional, medical and economic value even as it 

is rich in proteins (14.03%), minerals (13.01%), fibre (26.65%), vitamins (78.8mg/mg), 

flavonoids (3.31mg) and other antioxidants (Ekpo et al., 2019a). Since the three non-

conventional feedstuff show their unique features to include richness in proteins, 

carbohydrates, fibres,beta carotene, essential amino acids such as alpha linoleic acid as well 

as lower fat (Eleazu and Eleazu, 2012; Busani et al., 2011), it is pertinent that to improve 

pork meat quality, supplementing pig diets with  these feedstuff could be a potential strategy. 

The present study was therefore designed to determine the effect, inclusion of CLM, PSW 

and MLM in growing pig feed would have on the carcass, lipid profile and sensory qualities 

of meat from pigs. 

 

2.0 Materials and Methods 

2.1 Location of the experiment 

This study was carried out at the Piggery Unit of the Teaching and Research Farm of Akwa 

Ibom State University, Obio Akpa Campus. Obio Akpa is located between latitudes 5
0
 17’N 

and 5
0
 27’N and between longitudes 7

0
 27’E and 7

0
 58’E with an annual rainfall ranging from 

3500 to 5000 mm, average monthly temperature of 25°C, and relative humidity between 60 

to 90% (Wikipedia, 2017). 

2.2 Collection and preparation of the test ingredients  

Mature pro-vitamin A cassava leaves were obtained from cassava plants harvested at the 

experimental plots of the Department of Crop Science, Akwa Ibom State University. The 

cassava leaves were immersed in water which was 10 times their weight at 50 ± 3
0
C for two 

hours, followed by a change of water and continuation of the treatment at about 50 
0
C for 

another 2 hours. While the aqueous solutions which contained most of the cyanogen from the 
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leaves were discarded as described by Bradbury & Denton (2011) while moringa leaves were 

obtained fresh, air-dried for two days then chopped into tiny sizes of about 3cm before used 

as the leaf meal. Pumpkin stems were collected daily from markets and restaurants, air-dried 

for one day before chopped into pieces (5-7cm) using sharp knife and added fresh as 

supplements to the pig’s diets. Cassava leaves were obtained from cassava plants maintained 

for root production at the experimental plots of the Department of Crop Science while the 

moringa leaves were obtained from the same University community. 

2.3 Experimental diets and management of the experimental animals 

Four diets were  formulated such that diet 1 (control) contained none of the test material, diet 

2 contained pro-vitamin A cassava leaf meal (CLM), diet 3 contained moringa leaf meal 

(MLM) while diet 4 contained pumpkin stem waste (PSW). The ingredient composition of 

the dietary treatments is shown in Table 2.1. A total of 24 Large white growing pigs with 

initial weight of 25.42 ±1.85 kg were acquired from the piggery unit of Akwa Ibom State 

University for this study. The pigs were allowed seven days to adjust to the experimental 

diets before randomly assigned to four the (4) dietary treatment groups: T1, T2, T3 and T4. 

Each treatment was replicated twice with three pigs per replicate in a completely randomised 

design. Routine medications were strictly followed. Pigs had unrestricted access to water but 

the dietary supplements (CLM, PSW & MLM) daily allowance were restricted to 5% of the 

body weight with weekly adjustments. The study lasted for seventy (70) days. Measurement 

of feed intake was done daily while measurement of changes in live weight was done weekly. 

Feed conversion ratio was calculated as feed intake divided by weight gain. 

At the end of the feeding trial, a total of 12 pigs (3 per treatment) were randomly selected, 

starved for 12 hours, stunned and slaughtered according to the procedures of Okubanjo 

(1997). The carcasses were eviscerated to enhance removal of gastro internal tracts with its 

content, abdominal fat pad and the organs (heart, liver, kidney and lungs). Thereafter, 

carcasses were fabricated into primal cuts such as head, shank & trotter, thick rib chop, rib 

chop, loin, chump chob, leg fillet end and leg shank end. However, leg fillet end and leg 

shank end were further dissected into muscles and bone with ligaments. These components 

were weighed and the weights pooled to obtain the meat/bone ratio. Dressing percentage was 

obtained as the ratio of dressed carcass weight to live weight and multiplied by 100 thus:  

                                                  

(Ouhayoun and Dalle Zotte., 1996)   

2.4 Chemical analysis 

Proximate and chemical analysis of the test materials and the experimental diet were 

determined according to AOAC (2012). In determining the lipid profile of the meat, muscle 

sample at the thigh was obtained, chopped, and ground. Total lipid was quantitatively 

extracted using chloroform and methanol (in a ratio of 2:1) according to the procedure of 

Folch but described by Mukumbo et al. (2014). The cholesterol content of the tissue was 

determined. High density lipoproteins (HDL) and very low density lipoproteins (VLDL) were 

precipitated quantitatively by the addition of phosphotungstic acid and magnesium chloride. 

After centrifugation, the cholesterol fraction, which remained in the supernatant, was 

determined. The high-density lipoproteins and very low density lipoprotein were calculated 

using the method of Friedwald as described by Oboh and Enobhayisobo (2009). 
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Table 2.1:  Ingredient Composition of Experimental Diets 

                          Levels of supplementation (10 %) 

Ingredients   Control CLM PSW          MLM 

Maize 45.00 45.00 45.00          45.00 

Soybean  17.00 17.00 17.00          17.00 

Fish meal 1.00 1.00 1.00             1.00 

Wheat offal 35.00 35.00 35.00           35.00 

Bone meal 1.50 1.50 1.50              1.50 

Vit/min. Premix* 0.25 0.25 0.25              0.25 

Salt 0.25 0.25 0.25              0.25 

Total 100.00 100.00 100.00         100.00 

Calculated Composition of Experimental Diets 

Crude protein 17.40 17.60 17.77           18.20 

Crude fibre 5.50 7.07 8.65              7.01 

Ether extract 4.98 3.10 3.22               4.80 

Ash 3.86 3.98 4.10               7.34 

ME(Kcal/ kg) 2546 2618 2560              2706 

*Hi Nutrient international Premix providing the following per 25kg; Vit.A:8,000,000iu; Vit.D3:16,000,000iu; 

Vit.K:2000mg;Vit.B1:1500mg;Vit.B2:4,000mg;Vit.B6:2,000mg;Vit.B:12,10mg;Niacin:15,000mg;Cholin:1,000

mg;Cobalt:500mg;Copper:5,000mg;Iron:20,000mg; Antioxidant:120,00mg; Selenium:200mg 

Statistical Analysis 

Data collected were subjected to analysis of variance (ANOVA) according to Steel and 

Torrie (1980). Where significant differences existed between the means, Duncan Multiple 

Range Test was used to separate the means (Duncan, 1995) using SAS (2001). 
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3.0 Results and Discussion 

The results of chemical composition of the test materials as presented in Table 3.1 indicate 

that values of crude protein, crude fibre, ether extract, ash, as well as anti-nutrient values for 

CLM, PSW,and MLM obtained in this study are comparable to values reported by Ravindra 

et al. (1986), Ekpo et al. (2019c) and Ogbe and John (2012). The level of anti-nutrients 

obtained in the study can be neutralized by different processing techniques including 

chopping, soaking, fermentation, and heat steaming (Nouman et al., 2014). Result in Table 

3.3 show the effect of dietary supplements of CLM, PSW and MLM on pigs’ feed intake 

(P<0.05). Increasing intake value obtained for pigs on test diets could be attributed to the 

lower energy as well as increased protein and mineral content of these diets compared with 

the control diet. The result of this present study is in agreement with Ekpo et al. (2019a) who 

reported higher feed intake in pigs fed pumpkin stem waste due to higher fibre. Similarly, 

increased feed intake had been reported in broiler and rabbit fed MLM and CLM based diets 

respectively (Adeyemi et al., 2014; Safa and Tazi, 2014). The report of increased feed intake 

due to higher dietary fibre corroborates Olorunsanya et al. (2007) who attributed increased 

feed intake for rabbits fed cassava waste meal to higher fibre content. In addition, to dietary 

fibre effect, another factor which could be responsible for the higher intake is the low energy 

content of the test diets.   De Blas and Wiseman (2003) reported that monogastrics generally 

eat diets with less energy more than the diets with higher energy in order to meet their energy 

requirement. Dietary antioxidants of the test diets are suspected to contribute to the increased 

feed intake. This is in line with Selim et al. (2008) who reported that dietary antioxidants 

increased voluntary feed intake in rabbits.    

The result of weight gain as presented in Table 3.3 showed significant (P<0.05) increase in 

daily weight gain for pigs fed the test diets with T4 as the highest. The increasing weight gain 

obtained is a reflection of the higher feed intake earlier observed. Similar report had earlier 

been made by Portugaliza and Fernandez (2012) on broiler fed MLM as well as Adeyemi et 

al. (2014) on rabbit fed CLM. It is also possible that the dietary antioxidants in CLM, PSW 

and MLM could increase digestibility as well as improve weight gain in the pigs. This 

corroborates report by Ekpo et al. (2019a) on rabbits fed bitter leaf diet which indicated that 

dietary antioxidants could improve feed intake as well as weight gains. Another factor of 

consideration is that the low level of anti-nutrient components in the test diets might have 

contributed to the improved performance observed. This is because increased saponins are 

known to cause bitter taste which could result in reduced palatability as well as feed intake. 

Similarly, tannins are reportedly likely to result in a depression in growth rate owing to 

reduced utilisation in protein and possible damage to the mucosal lining of the digestive tract 

in monogastrics when their levels in feed are 5% and above (Mukumba et al., 2014).Values 

of daily weight gain of the pigs obtained in this study were comparable to the results obtained 

by Ekpo et al. (2020) for pigs fed Icacinia mani. 

The feed conversion ratio (FCR) values obtained from all the treatments showed no 

significant (P>0.05) difference even though T4 had the lowest FCR. This means that the 

different diets were utilized to probably the same degree. It is also an indication that the fibre 

components of the test diets were highly digestible; therefore proper utilization of nutrients 

without impairment. Similar report had earlier been made by Ekpo et al. (2016) for rabbits 

fed PSW as well as Safa and Tazi (2014) on broiler fed MLM.   

Means of serum total cholesterol (TC), triglyceride (TG), high density lipoprotein (HDL), 

low density lipoprotein (LDL) and very low density lipoprotein (VLDL) contents for the four 
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dietary treatments are shown in Table 3.4. The results indicate decline in values of TC, TG, 

LDL and VLDL levels as HDL increased for pigs fed the test diets especially for animals on 

moringa diet. This indicates that moringa leaf meal have strong fat and cholesterol lowering 

effects than cassava leaf meal and pumpkin stem waste. This would be of great interest to 

meat producers and consumers. Sarker et al. (2017) had made similar observations on 

broilers fed moringa based diet. Similar reports have been reported in rats fed with velvet 

beans (Iauk et al., 1989) and rabbit fed with pumpkin stem (Ekpo et al., 2019c).   

Table 3.1: Proximate and Phytochemical Composition of CLM, PSW and MLM 

Parameters (kg)  T1 T2  T3  

Dry matter       92.48    93.56 93.63 

Crude protein (%)       19.87 
    

16.37
 

20.22
 

Ether extract (%) 
        

3.92
 

    2.97  3.01 

Crude fibre (%)      11.27    21.12 12.77 

Ash (%)       7.12     9.98  7.98 

NFE      50.30    43.12  49.65 

Anti-nutrients (mg)    

Flavonoids 2.91      3.16 5.60 

Tannins 3.79     2.81 3.82 

Saponins 2.37     2.13 1.65 

Alkaloids 1.85     4.50 3.20 

Phytate      3.15     2.15 2.86 

HCN (mg)     16.36    8.91 12.65 

Vitamin A (mg) 73.41   61.20 55.23 

 

Table 3.2: Proximate Composition and Metabolisable Energy of the Experimental diets   

  

Parameters  Control CLM  PSW                   MLM  

    

Dry matter  89.10 92.37 90.47                    90.50 

Crude protein  16.85 17.30 17.01                    17.60 

Ether extract 4.42 3.06 3.12                        3.20 

Ash  6.00 7.87 8.18                        7.98 

Crude fibre  6.43 9.85 10.04                      8.80 

Nitrogen free extract 55.30 53.29   51.12                    52.92 

ME (Kcal/kg)    2945.06      2780.05 2697.10                2790.19 
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Table 3.3: Effect of Dietary Inclusion of CLM, PSW and MLM on Performance of 

Pigs 

Parameters (kg)

  

T1   T2  T3  T4  SEM 

Initial weight  24.68 25.28 26.00 25.74 1.85 

Final  weight  40.68
c
 43.18

b 
43.80

b 
45.24

a
 1.01 

Total  weight 

Gain 

16.00
c 

17.91
b
 17.80

b
 19.50

a
 1.24 

Daily weight 

Gain 

0.22
c
 0.25

b
 0.25

b
 0.28

a
 0.02 

Total  Feed intake  44.80
c
 48.30

a
 49.00

a
 47.60

ab
 1.62 

Daily Feed intake  0.64
c
 0.69

a
 0.70

a
 0.68

ab
 0.02 

FCR 2.91
  
 2.76 2.80 2.43 0.52 

 

Table 3.4: Lipid Profile of Pigs Fed Experimental Diets 

Parameters(mg/dl)

  

T1 T2  T3  T4  SEM 

TC 108.40
a
 67.28

b
 68.50

b
 65.14

c
 2.50 

HDL 49.68
d
 61.18

c 
60.10

b 
63.74

a
 1.08 

LDL 86.10
a 

44.91
c
 46.80

b
 41.50

d
 1.24 

VLDL 43.00
a
 40.28

c
 41.25

b
 39.25

d
 0.02 

TG 118.80
a
 78.30

b
 79.00

b
 76.60

b
 2.62 

Means on the same row with different superscripts are significantly different (P<0.05).  SEM = 

Standard  Error of Mean .TC- Total cholesterol; HDL-High density lipoprotein: LDL-Low density 

lipoprotein: VLDL- very low density lipoprotein: TG-Triglyceride 

The mechanism behind the significant reduction in levels of TC, LDL and VLDL 

concentrations could be traced to the presence of natural beta-carotenes as well as 

antioxidants such as isoflavones in the moringa leaf meal, cassava leaf and pumpkin stem 

(Leone et al., 2015). A study by Lovati et al. (1991) and Yousef et al. (2004) indicate that 

isoflavones could catalyse the removal of VLDL from blood thereby enhancing reduction of 

TG since the VLDL acts as transport vehicle to TG. Generally, in addition to flavonoids, 

essential fatty acids which are abundant in these test materials contribute to increase 

production of HDL which may hasten the removal of cholesterol and LDL from the 

peripheral tissue to the liver for catabolism and excretion. This ultimately affects carcass lipid 

composition of the pigs. Oliver et al. (1997) had posited that lipid contents as well as fat 

quality of monogastrics are directly influenced by their dietary composition.  
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The high level of lysine in protein of CLM, PSW and MLM (Busani et al., 2011; Ravindra et 

al., 1986) might have contributed to the significant reduction in cholesterol, LDL and 

trygliceride as well as the increase in HDL observed. This corroborates Bouyeh and 

Gevorgyan (2011) who reported reduced cholesterol, LDL and TG in broilers fed high level 

lysine and methionine based diets. The  reduction (P<0.05) trend in values of  TC, LDL, TG 

and VLDL as HDL increased showed that pork meats from pigs fed  the test diets were more 

healthier and safer for consumers.  Wald and Law (1995) had posited that elevated levels of 

TC, LDL, TG and VLDL are considered as risk factors for artherogenesis. The values 

obtained in this study for pigs fed the control diet generally were within the normal ranges of 

23.16-80.74mg/dl (HDL), 16.30-144.05mg/dl (LDL), 3.00-141.45mg/dL (TG) and 59.45-

270.30mg/dL for total cholesterol documented by Yeom et al. (2012). 

The results in Table 3.5 showed that pre-slaughter weight, dressing percentages, breast, thick 

rib chop, rib chop, loin and chump chop increased significantly (P<0.05) while the abdominal 

fat reduced for pigs on diets T2 and T4. This is a reflection of the nutrient content of the test 

diets. CLM, PSW and MLM had earlier been reported to be good sources of protein, essential 

amino acids, essential fatty acids, energy and minerals with lower antinutritonal components 

(Ekpo et al., 2019c; Ravindra et al., 1986). Dugan et al. (2004) earlier posited that 

composition of feed consumed by pigs has a major influence on physico-chemical and 

nutritional quality of pork. The higher pre-slaughter weight and dressing percentage obtained 

in T2, T3 and T4 despite their fibre level indicate that pig has the ability to convert forage and 

agro by-products into meat efficiently. 

The higher dressing percentage and reduction in fat content could be attributed to the 

antioxidants present in the test materials as well as their high fibre content. It is known that 

high fibre feeds help reduce cholesterol level and fat by making fat harder to absorb from the 

gut (Ekpo et al., 2009a). This also agreed with earlier report by van Bennekum et al. (2005) 

that dietary fibre decreased cholesterol intake and absorption efficiency in animals. This 

implies that dietary supplementation of high fibre and antioxidant-enriched moringa leaves; 

pumpkin stem and cassava leaf could be a strategy to improve the meat quality in pigs which 

is also beneficial from a health perspective. This corroborate earlier observation by Aderinola 

et al. (2013) and Zhang et al. (2018) that moringa leaf meal in broiler diets significantly 

reduced fat in broiler meat. Ekpo et al. (2019b) also made similar observation for pigs fed 

pumpkin stem. Result on the lean and bone ratio also indicated improvement on pigs fed test 

diets. This could be a reflection of the higher dressing % earlier observed. It could also be 

due to the rich nutrient content, especially high amount of protein, vitamins and minerals 

(Leone et al., 2015). 

The result of sensory evaluation of the meat as presented in Table 3.6 indicated scores for 

some parameters to be variable. These include juiciness, tenderness and overall acceptability 

which were found to be significantly higher (P<0.05) in T4 followed by T3 and T2. The 

highest score obtained in T4 corroborate Safa and Tazi (2014) who reported significant 

increase in juiciness, tenderness and overall acceptability due to moringa leaf meal effect on 

broiler meat. However, colour and flavour were not affected (P>0.05) by the treatment diets. 
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Table 3.5: Carcass Characteristics of Pigs Fed Experimental diets 

Parameters  T1 

   

T2 

 

T3 

  

T4 

 

SEM 

Pre slaughter 

(kg) 

40.60
c
 42.60

ab
 42.68

ab
 44.52

a
 2.03 

Dressed weight 

(kg) 

30.00 32.00 31.50
a
 34.00

a
 2.35 

Dressing % 73.89
c
 75.12

ab
 73.80

c
 76.37

a
 2.50 

Head   (%)                7.39 7.56 7.66 6.51 0.41 

Shank & trotter  1.23 1.46 1.57 0.94 0.09 

Belly                  1.40 1.76 1.76 1.01 0.12 

Breast                1.67
 c
 2.11

 b
 2.86

 a
 2.15

b 
 0.15 

Thick rib chop    3.25 3.33 3.75 .91 0.20 

Rib chop            0.37
c
 3.17

 b
 3.44

 a
 1.68

 d
 0.25 

Loin                   1.60
 c
 1.80

 ab
 1.76

 ab
 1.87

a 
 0.11 

Chump chop      1.97
c
 2.28

b
 2.69

a
 1.57

c
 0.13 

Leg fillet end     2.09
 c
 2.46

 b
 2.76

 a
 1.95

 c
 0.14 

Leg shank end   2.06
 c
 2.83

ab
 2.75

 ab
 2.92

 a
 0.21 

Kidney               0.21 0.25 0.23 0.29
 
 0.10 

Lungs                 1.41 1.30 1.44 1.56 0.24 

Liver                  2.43 2.41
b
 2.50

 
 2.61 0.38 

Spleen                0.19 0.18 0.19 0.24 0.10 

Heart                  0.43 0.45 0.44 0.49 0.13 

Abdominal fat 

(g) 

0.54 0.14 0.10 0.11 0.11 

meat/bone ratio 

(kg) 

 0.12 0.23 0.21 0.25 0.06 

Means on the same row with different superscripts are significantly different (P<0.05). SEM = 

Standard error of mean. (%) = % of live weight 

Table 3.6: Sensory Properties of Meat from Pigs Fed Experimental Diets 

 

Parameters   

T1 

 

T2  T3  T4  SEM 

Colour  5.75 6.25 6.30 6.98 1.15 

Juiciness 6.08
c
 6.18

b 
5.80

b 
7.24

a
 1.01 

Flavour 6.00
 

7.10 6.80 7.50 1.57 

Tenderness  5.80
c
 6.30

b
 6.00

b
 7.60

a
 1.62 

Overall acceptability 6.64
c
 7.69

ab
 6.68

c
 8.68

a
 0.98 

Means on the same row with different superscripts are significantly different (P<0.05). SEM = 

Standard error of mean.   
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4.0 Conclusion 

The results of the present study has shown that inclusion of Pro-vitamin A cassava leaf meal, 

pumpkin stem waste and moringa leaf meal as supplements in growing pigs’ diet improved 

lipid profile, carcass and sensory characteristics as well as feed intake and weight gain 

without detrimental effect on feed conversion ratio. It also implied that inclusion of cassava 

leaf meal, pumpkin stem waste and moringa leaf meal in feed caused a reduction in 

abdominal fat content of pig which is beneficial from a health perspective. Further 

investigation to assess the effect of these test diets on pigs at weaner stage is recommended. 
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