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ABSTRACT

A sixteen-week study was carried out in order to 

investigate the effects of different herbal-mix feed ad­

ditives (Moringa, Basil and Neem) on serological pa­

rameters, tibia bone characteristics and gut morphol­

ogy of growing pigs. Eighty-one Large White breed of 

pigs with a mean weight of 15.35 ± 1.07 were grouped 

on weight equalization basis into three treatments with 

9 replicates per treatment and 3 pigs per replicate in 

a completely randomized design. Pigs on treatment 1 

were fed a ration without integration of herbal-mix feed 

additives, those in treatments 2  and 3 were offered a diet 

that contained moringa-basil leaf meal and neem-bas- 

il leaf meal respectively. Blood samples were collect­

ed from the experimental pigs on the 12th week of the 

study for the determination of serum levels, while 1 pig 

from each replicate group whose weight was close to 

the mean replicate weight was chosen at the end of the 

study, fasted for 12 hours, sacrificed and the small intes­

tine and left tibia bone were harvested and used for gut

and bone morphology evaluation. These data generated 

from the study were subjected to a 1-way analysis of var­

iance (ANOVA). The results indicated that herbal-mix 

feed additives influenced some of the serological param­

eters, i.e., globulin, glucose, total cholesterol, high- and 

low-density lipoproteins, and aspartate aminotrans­

ferase. These parameters decreased with integration of 

different herbal-mix in the pigs’ diets except high densi­

ty lipoprotein that increased statistically. The tibia char­

acteristics such as tibia breaking strength, medial thick­

ness and lateral thickness were also positively impacted 

by the dietary inclusion of the herbal-mix. Likewise, the 

villus height of the jejunum was positively enhanced by 

dietary inclusion of the herbal-mix feed additives. This 

study concluded that herbal-mix feed additives can be 

utilized in pigs’ nutrition in enhancing some serological 

parameters, tibia bone and gut characteristics of grow­

ing pigs.
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INTRODUCTION

The calls for the promotion of variable alternatives to 

modern health management practices need to be intensi­

fied as the rate of shortfalls in the supply of animal pro­

tein to the teeming world population continues to widen 

especially among resource-poor citizens of developing 

countries. The high cost and non-availability of chemically 

synthesized allopathic drugs among the local people that 

constitute the majority of the livestock farmers promote 

these shortfalls as pathogenic microbes prevails, leading 

to a high rate of mortality and morbidity [50]. It has been 

documented that about 80 % of livestock producers in de­

veloping countries depends on traditional medicines as 

a means of animal health management and disease control 

[28, 51]. Traditional medicine is an integral part of the eth­

nic group that have been passed from one generation to the 

next generation through practical experiences. The major 

advantages of this health practice are that they are cheap, 

readily available in pastoral areas and solve the problem 

of microbial resistance unlike commercial synthetic allo­

pathic drugs. The development of resistant pathogenic mi­

crobes due to abuse of synthetic drugs, results in great con­

cern over human health and environmental toxicity that 

leads to partial withdrawal and total ban in some parts of 

the world [42].

Most of Materia medica used in ethno-veterinary med­

icine is derived from plants [32]. The integration of herbal 

plants and their extracts into the ration of farm animals 

have been reported to enhance the productivity of the an­

imal by improvement of the diet properties, quality of the 

produce from the animal, welfare of the animal and the 

general well-being of the animals [21]. S h a h i d i et al. 

[47] and F r a n k i c et al. [10] promoted the prospects 

that herbs and spices with their extracts may serve as pos­

sible replacement of synthetic antibiotic growth enablers. 

Herbs and spices can be utilized as feed additives in live­

stock nutrition to improve feed intake, flavour and anti-ox­

idant properties due to the presence of multiple active in­

gredients and their mode of actions [9]. The integration of 

herbal plant parts in the form of leaf meal in the ration of 

livestock can assist in the reduction of feed cost, and to­

tal cost of production, thereby widening the profit margin 

of the rural livestock farmers. A study by S u g i h a r t o 

et al. [50] revealed that leaf meal contains high protein that 

can be used for partial replacement of expensive conven­

tional plant protein sources like soya bean meal, ground­

nut cake, cotton seed meals, etc., in the diets of farm ani­

mals, especially among the resource poor rural dwellers of 

developing countries. Hence, the incorporation of herbal 

leaf meal in the diets of pigs will not only lead to higher 

profitability to pig farmer but also promote the health of 

the pigs.

There is a need to investigate and validate the proper­

ties of medicinal plants that have been used in traditional 

medicine with antimicrobial properties which can be in­

tegrated easily into the ration of farm animal in order to 

reduce the microbial loads and feed cost, and increase the 

livestock productivity by inserting its growth promoting 

effects in the animals. To this end, this study was carried 

out in order to evaluate the effects of herbal-mix feed ad­

ditives on serological parameters, tibia bone and gut mor­

phology of growing pigs.

MATERIALS AND METHODS 

Animal use and care

The study protocol was approved by Animal Welfare 

Committee guideline of the Federal University of Agricul­

ture, Abeokuta, Nigeria [11].

Collection and preparation of herbal leaf blends

Fresh matured moringa (Moringa oleifera), basil (Oci- 
mum gratissimum) and neem (Azadirachta indica) leaves 

were harvested within the environment of Federal Univer­

sity of Agriculture, Abeokuta. The leaves were separated 

from the stems, spread in the shade and allowed to dry for 

3—5 days without direct exposure to sunlight and turned 

constantly to avert the growth of fungi until they were 

crispy when touched, while still maintaining their greenish 

coloration. The leaves were packaged in jute sacks, sealed 

and kept within room temperature. They were later trans­

ported to commercial feed mill where they were milled into 

leaf meals and integrated into the various experimental di­

ets. Blends of moringa-basil and neem-basil were obtained 

from mixing 5 % moringa or neem with 1 % basil. Three 

diets were formulated to meet the nutrient requirements of 

pigs such that diet 1 had no herbal leaf meal additives, while 

diets 2 and 3 contained moringa-basil and neem-basil leaf 

meals, respectively. The diets were formulated to meet with 

the recommended nutrient requirements for growing pigs
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as stipulated by NRC [37] with direct replacement of soy­

bean meal and groundnut cake with equivalent herbal-mix 

leaf meals (weight for weight). The gross compositions and 

calculated analysis of the experimental diets are presented 

in Table 1.

Table 1. Percentage composition of 
experimental diets of growing pigs

Ingredients [%] Diet 1 Diet 2 Diet 3

Maize 50 50 50

Palm kernel cake 10 10 10

Basil leaf 0 2 2

Moringa leaf 0 0 10

Neem leaf 0 10 0

Soya bean meal 18 8 8

Groundnut cake 9 7 7

Fish meal 2 2 2

Wheat offal 6.9 6.9 6.9

Bone meal 3 3 3

Lysine 0.3 0.3 0.3

Methionine 0.25 0.25 0.25

*Premix 0.3 0.3 0.3

Salt (NaCl) 0.25 0.25 0.25

TOTAL 100 100 100

Calculated analysis

Metabolizable energy
([kcal ME.kg-1] 2834.59 2541.99 2805.9

Crude protein [%] 20.9 18.87 17.6

Ether extract [%] 4.56 4.84 4.49

Crude fibre [%] 4.68 6.4 5.56

Ash [%] 3.05 3.54 3.1

*Premix to supply the following per kg diets; vitamin A 12 600 IU; vita­
min D3 2800 IU; vitamin E 49 IU; vitamin K 32.8 mg; vitamin B1 1.4 mg; vi­
tamin B2 5.6 mg; vitamin B6 1.4 mg; vitamin B12 0.014 mcg; niacin 21 mg; 
pantothenic acid 14 mg; folic acid 1.4 mg; biotin 0.028 mg; choline chlo­
ride 70 mg; manganese 70 mg; zinc 140 mg; iron 140 mg; copper 140 mg; 

iodine 1.4 mg; selenium 0.28 mg; cobalt 0.7 mg; antioxidant 168 mg

Study area

The study was carried out in 2019 at the piggery unit 

of the Teaching and Research Farm of the College of Ani­

mal Science and Livestock Production, Federal University 

of Agriculture, Abeokuta, Nigeria. The area lies between 

longitude 3°2' East and latitude 7°10' North [14]. The 

site is found in the derived savannah vegetation zone of

South-Western Nigeria. The annual mean precipitation 

rate of about 1100 mm with optimum rainfall recorded in 

the months of June to September. The ambient temperature 

ranges from 28 °C in December to 36 °C in February with 

the annual mean of relative humidity of 82 %.

Experimental pigs and management

A total of eighty-one (81) Large White weaner pigs 

with a mean weight of 15.35 ± 1.07 kg were obtained from 

the existing stock in the Teaching and Research Farm of 

Federal University of Agriculture, Abeokuta. The pigs were 

grouped into 3 treatments based on the weight equaliza­

tion method and later subdivided into 9 replicates of 3 pigs 

per replicate. The pigs were housed in individual pens 

with floor dimensions of 2 m by 2 m and equipped with 

concrete feeders and drinkers. The pens were open sided 

dwarf-walled of about 1.4— 1.6 m high, which allowed for 

the adequate movement of air. All good management prac­

tices applicable to pigs were adhered to strictly.

DATA COLLECTION  

Serum parameters

Blood samples were collected from 9 pigs per treat­

ment (1 pig per replicate) on the 12th week of the study 

and used for serological measurements. Serum was ob­

tained after blood in plane sample bottle was allowed to 

stand for 2 hours at room temperature and centrifuged at 

2 000 r. p. m. for 10 minutes. The total serum protein was 

determined by the Biuret method and serum cholester­

ol was assessed by the enzymatic colorimetric technique 

[38]. The serum albumin was analysed by the colorimet­

ric method according to D o u m a and B r i g s [7]. The 

globulin was estimated as the difference between the to­

tal serum protein and albumin. Serum glucose was esti­

mated using a commercial glucose colorimetric assay kit 

(Cayman® Chemical Company, Ann Arbor, USA) and the 

protocol was followed according to the manufacturer’s rec­

ommendation.

Gut morphology

At the end of the sixteenth week of the experiment, 

a total of twenty-seven (27) pigs consisting of nine (9) 

pigs per treatment whose weight were close to the repli­

cate weight were selected, slaughtered and the small in­
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testines were removed for gut morphology. The pigs were 

weighed and fasted for 12 hours, and the fasted weight of 

each pig was taken before they were stunned by the per­

cussion method and bled by incision using a sharp knife 

cutting through the jugular vein between the skull and the 

atlas. The complete bleeding and dehairing were done. The 

stomach of the pig was opened along the greater curvature 

and emptied. The digestive tract was removed and sections 

of the duodenum (approximately 10 cm from the stomach 

sphincter), the jejunum (5.5 m from the stomach sphinc­

ter), and the ileum (10 cm prior to the ileo-caecal orifice) 

were excised and opened along their length at the mesen­

teric border and a portion of each section was cut and put 

in a universal bottle containing 10 % formalin and embed­

ded in paraffin wax. These tissue samples were cut in trans­

verse section in 5 pm thick slices and were stained with 

haematoxylin and eosin. The villus height and width, were 

measured at 50x magnification using a calibrated eyepiece 

graticule earlier outlined by H a l a s et al. [16].

Tibia bone morphology

The left tibia bones of the pigs slaughtered and used for 

gut evaluation were collected and the adhering muscles and 

connective tissues were manually removed after they were 

dipped in boiling water for 5 minutes. The tibia length, me­

dial thickness, and lateral thickness were determined with

the aid of Vernier calliper, while the wet tibia bone weight 

and dry tibia bone weight were determined with the aid of 

a sensitive scale. While loss in tibia weight was obtained as 

difference between wet tibia weight and dry tibia weight. 

The bone breaking strength was determined using instron 

materials tester.

RESULTS

Effects of herbal-mix feed additives on serological 

parameters of growing pigs

Table 2 shows the effects of herbal-mix feed additives 

on serum parameters; globulin, glucose, total cholester­

ol, high density lipoprotein, low density lipoprotein and 

aspartate amino transferase were significantly (P < 0.05) 

influenced by the herbal-mix feed additives. Pigs on diet 

without herbal-mix feed had the highest globulin value 

of 3.23 g.dl-1 followed by 3.08 g.dl-1 documented for pigs 

on neem-basil leaf meal supplemented ration while the 

least value of 2.43 mg.dl-1 was recorded for pigs on mo- 

ringa-basil leaf meal blend. Growing pigs on the con­

trol ration recorded the highest serum glucose value of 

102.00 mg.dl-1, followed by 92.83 mg.dl-1 noted for pigs on 

the moringa-basil dietary treatment, while those on the ra­

tion containing neem-basil leaf meal had the least glucose

Table 2. Effects of herbal-mix feed additives on serological parameters of growing pigs

Parameters No herbal-mix Moringa-basil Neem-basil

Total protein [g.dl-1] 7.00 ± 0.32 5.77 ± 0.85 6.90 ± 0.27

Albumin [g.dl-1] 3.77 ± 0.23 3.33 ± 0.57 3.82 ± 0.14

Globulin [g.dl-1] 3.23 ± 0.23a 2.43 ± 0.32ь 3.08 ± 0.24ab

Glucose [mg.dl-1] 102.00 ± 0.77a 92.83 ± 2.29ь 86.67 ± 1.63c

Urea [mg.dl-1] 5.43 ± 0.49 5.70 ± 0.38 5.23 ± 0.15

Creatinine [mg.dl-1] 0.63 ± 0.67 0.78 ± 0.13 0.82 ± 0.90

Total cholesterol [mg.dl-1] 94.83 ± 1.56a 86.83 ± 1.30ь 85.67 ± 3.21ь

Triglycerides [mg.dl-1] 101.17 ± 2.15 97.83 ± 1.58 103.17 ± 2.67

High density lipoprotein [mg.dl-1] 40.68 ± 1.43ь 52.47 ± 0.86a 45.73 ± 3.59ь

Low density lipoprotein [mg.dl-1] 24.97 ± 1.42a 21.17 ± 1.21ab 18.93 ± 1.28ь

Very low density lipoprotein [mg.dl-1] 20.78 ± 0.41 19.53 ± 0.58 19.83 ± 0.68

Aspartate aminotransferase [pU.l-1] 41.83 ± 1.40a 40.33 ± 1.23a 33.33 ± 0.95ь

Alanine aminotransferase [pU.l-1] 23.17 ± 1.28 22.92 ± 2.10 21.50 ± 2.14

а, ь, c _M eans with different superscript across the row differed significantly (P < 0.05)
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level of 86.67 mg.dl-1. Pigs on a diet without herbal-mix 

feed additive had the highest significant total cholesterol 

value of 94.83 mg.dl-1, while pigs on the ration containing 

moringa-basil and neem-basil leaf blends had comparable 

mean values of 86.83 mg.dl-1, respectively. The high-den­

sity lipoprotein was significantly (P < 0.05) influenced by 

the herbal-mix feed additives with pigs on the ration con­

taining moringa-basil feed additive had the highest value 

of 52.47 mg.dl-1 and comparable mean high density lipo­

protein values o f40.68 and 45.73 mg.dl-1 were recorded for 

the pigs on the control diets and neem-basil leaf meals.

Effects of herbal-mix feed additive on tibia bone 

morphology and strength of growing pigs

Table 3 shows the effects of herbal-mix feed additives 

on tibia bone morphology and strength of growing pigs. 

Bone medial thickness, lateral thickness and bone break­

ing strength were significantly (P < 0.05) influenced by

Table 3. Effects of herbal-mix feed additive on tibia bone characteristics of growing pigs

Parameters No herbal-mix Moringa-basil Neem-basil

Wet tibia bone weight [g] 97.84 ± 5.50 99.24 ± 8.22 99.24 ± 6.35

Dry tibia bone weight [g] 95.13 ± 3.34 96.53 ± 4.11 96.64 ± 4.54

Loss in tibia bone weight [g] 2.71 ± 0.18 2.71 ± 0.91 2.60 ± 0.16

Tibia bone length [cm] 15.38 ± 0.31 15.03 ± 0.57 15.55 ± 0.32

Medial thickness [mm] 26.72 ± 1.32a 21.92 ± 1.91b 22.10 ± 0.99b

Lateral thickness [mm] 43.42 ± 1.84a 40.39 ± 1.93ab 38.02 ± 1.70b

Ash weight [g] 34.17 ± 3.00 32.09 ± 3.14 27.86 ± 0.43

Bone breaking force [N] 20.02 ± 0.73a 17.52 ± 0.28ь 13.55 ± 1.14c

а, ь, c _M eans with different superscript across the row differed significantly (P < 0.05)

Table 4. Effects of herbal-mix feed additives on the gut morphology of growing pigs

Parameters No herbal-mix Moringa-basil Neem-basil

Duodenum [pm]

Villus height 667.67 ± 46.09 691.67 ± 30.05 608.33 ± 39.62

Apical width 30.83 ± 1.54 29.83 ± 1.17 35.00 ± 2.58

Basal width 103.33 ± 6.15 95.83 ± 5.54 110.83 ± 4.90

Lam ina p rop ria  depth 251.67 ± 14.00 236.67 ± 13.82 271.67 ± 21.51

Jejunum [pm]

Villus height 595.00 ± 15.86ь 641.67 ± 30.05ab 695.00 ± 27.89a

Apical width 42.50 ± 1.71 39.83 ± 2.95 40.00 ± 2.24

Basal width 115.00 ± 6.19 107.50 ± 10.47 115.83 ± 5.23

Lam ina p rop ria  depth 240.00 ± 14.38 233.33 ± 12.56 238.33 ± 14.00

Ileum [pm]

Villus height 686.67 ± 26.03 606.67 ± 29.06 715.00 ± 43.57

Apical width 36.67 ± 3.07 38.33 ± 2.11 39.17 ± 2.39

Basal width 103.33 ± 6.15 116.67 ± 6.15 105.00 ± 7.53

Lam ina p rop ria  depth 240.00 ± 15.28 256.67 ± 24.04 256.67 ±22.61

a c _M eans with different superscript across the row differed significantly (P < 0.05)

13



the herbal-mix feed additives. Pigs on the diet without 

herbal-mix feed additive had the highest breaking force 

of 20.02 N followed by 17.52 N documented for pigs on 

the moringa-basil leaf meal supplemented ration while 

the least value of 13.55 N was recorded for pigs on the ra­

tion containing neem-basil leaf meal. The growing pigs on 

the control ration recorded the highest medial thickness 

of 26.72 mm followed by 22.10 mm documented for pigs 

on the neem-basil, while those on the ration containing 

moringa-basil leaf blend had the least medial thickness of 

21.92 mm. The highest lateral thickness (43.42 mm) was 

recorded for pigs on the diet with no herbal leaf meal while 

those on neem-basil leaf meal supplemental diet had the 

least lateral thickness of 38.02 mm.

Effects of the herbal-mix feed additives on 

the gut morphology of growing pigs

The effects of the dietary inclusion of the herbal-mix 

on gut morphology of growing pigs is shown in Table 4. 

The dietary inclusion of the herbal-mix feed additive had 

no significant effect in all gut morphological parameters 

considered in the present study except for the jejunum vil­

lus height. Growing pigs subjected to dietary inclusion of 

the neem-basil blend recorded the highest jejunum villus 

height followed by their counterparts on the ration that 

contained moringa-basil leaf meal while those on the diet 

that had no herbal-mix feed additive recorded the least vil­

lus height of 595.00 pm.

DISCUSSION

The health conditions of farm animals like pigs can be 

estimated from the blood parameters. The blood indices 

indicate the physiological state and nutritional status of 

the pig’s body. The result of this study revealed variations 

in the dietary crude protein fed to the growing pigs. This 

must have resulted due to the significant lower globulin 

values recorded for pigs on diets containing herbal leaf 

blends which had lower dietary crude protein contents 

with range values of 17.60 % to 18.87 % compared to 

20.90 % of the control ration. The lower dietary crude pro­

tein content of the ration with herbal-mix feed additives 

must have resulted to deficit intake of amino acids [6]. Ac­

cording to the observation of A w o s a n y a et al. [4], the 

level of blood protein is contingent upon the quality and

quantity of the dietary protein intake of the farm animal. 

The observation of this study is consistent with the stud­

ies of A t t i a et al. [3] and L i u et al. [27] that reported 

significantly lower plasma total protein and globulin levels 

with decreasing levels of the dietary crude protein content. 

In contrast, M a h m o u d et al. [29] observed a decrease 

in alpha-globulin and albumin to globulin ratio with in­

creasing levels of dietary crude protein contents of laying 

birds. These differences in this present result with that of 

M a h m o u d et al. [29] may be due to genotype or geno­

type x diet interactions [30].

The inclusion of herbal leaf blend in the ration of pigs 

had remarkable serum glucose reduction in pigs when 

compared with the value noted for pigs on the control 

ration. This reduction in the serum glucose points to the 

presence of hypoglycaemic properties of the herbal plants. 

According to K a p p e l et al. [20] and O l e f  o r u h - 

O k o l e h et al. [39] the presence of phytochemical com­

pounds in leaf meal enhances the carbohydrate metabolism 

of farm animals. S a u v a i r e et al. [45] and S c h r y v e r 

[46] linked the reduction of serum glucose in animals fed 

fenugreek seed to direct S-cells production that secrete se­

cretin from the duodenum and jejunum which stimulate 

exocrine pancreatic secretion of amino acid (4-hydroxy 

isoleucine) that improves insulin production, thereby re­

sulting to higher glucose tolerance levels.

Our results showed a significant reduction in total 

cholesterol and low-density lipoprotein, but increased the 

high-density lipoprotein. The significant lower total cho­

lesterol and low-density lipoprotein levels in pigs fed ra­

tions containing herbal-mix feed additives compared with 

the value documented for their counterparts on control 

diet, could indicate the presence of hypolipidemic agent in 

the leaf meal. It has been reported that moringa has high 

phytosterol that reduces the cholesterol contents of meat, 

egg and serum [19]. It contains bioactive compounds like 

flavonoids and phenolic compounds with antioxidant po­

tentials that assist in the synthesis of bile salts needed for 

fats emulsification and the reduction in lipids absorption 

thereby decreasing serum cholesterol [19, 36, 49]. Also, 

G h a z a i a h and A l i [12] associated the hypocholes- 

terol properties in animals fed diets containing leaf meals 

to defatted components of the leaves with high fibre con­

tents that can obstruct intestinal cholesterol absorption.

Serum enzymes like Aspartate aminotransferase (AST) 

and Alanine aminotransferase (ALT) are involved in the
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metabolism of amino acid and can be used in determin­

ing the functionality status of liver [13]. Our study showed 

a significant reduction in the serum AST levels of the pigs 

on herbal-mix feed additives compared to the results ob­

tained for the pigs on the control diet. This result implies 

that the herbal-mix feed additives exerts a protective in­

fluence on the liver without inducing visible toxicity. 

C h o u d h u r y et al. [5] observed that herbal extracts re­

duced liver enzymes (Alanine transaminase and Aspartate 

transaminase) in the plasma and attributed this fact to the 

existence of numerous hepatoprotective constituents in the 

plants.

The state of the bone is unswervingly linked to the bi­

oavailability of calcium and phosphorus levels. The com­

monest indices utilized in determining the bioavailabil­

ity of calcium and phosphorus are the ash contents and 

bone breaking strength [48]. Our study showed that the 

medial thickness, lateral thickness and breaking strength 

of the bone decreased statistically with the integration of 

different herbal-mix feed additive; with the most impact 

observed in pigs on ration containing blends of neem-bas-

il. The decreasing tibia morphological values with different 

integration of blends of herbal plants suggests poor miner­

alisation of the bone due to the presence of anti-nutritional 

factors that must have stalled protein synthesis, digestion 

and mineral absorption in the digestive tract of the ani­

mal [31] resulting in the increased excretion of calcium 

from its body [41]. Another possible explanation for the 

decreasing tibia values as observed in our study could be 

linked to the quantity of crude protein available in the 

diets fed to the pigs which appeared to be least in the ra­

tion with neem-basil leaf blends as depicted by the calcu­

lated composition of the experimental diets. The health 

status of the bone can be assessed through bone length, 

weight and the percentage of ash content [52], which in 

turn is subject to the mineral composition of the bone 

[15]. H e a n e y and L a y m a n [18] depicted that many 

factors have been identified to impact the health of bone; 

among them are dietary protein content and the source of 

the protein which could have positive or negative impact 

on: the bone, calcium intake, weight loss and acid/base of 

the diet. High dietary protein intake has been said to have 

an effect on calcium homeostasis which can influenced 

the excretion of calcium. A l b r i g h t et al. [2] as quoted 

by H e a n e y and L a y m a n [18] articulated that diets 

with insufficient protein results in a negative nitrogen bal­

ance that could have impaired the possibility of osteoblasts 

to deposit the necessary organic matrix required in bone 

formation. The authors argued that some of the osteopa­

thies linked with deficiencies of calcium and phosphorus 

in the ration of farm animals could have resulted from di­

etary protein shortage rather than the minerals. L e a c h 

and L i l b u m [23] observed that long bones like the tibia 

experience cellular sensitivity to multiple dietary inade­

quacies. The statistical differences noted in the tibia bone 

breaking strength which reduced with dietary integration 

of herbal-mix feed additives is at variance with the study of 

N k u k w a n a et al. [35] that observed comparable means 

in bone breaking strength of broiler chickens fed diets with 

different inclusion levels of Moringa oleifera leaf meals. On 

the other hand, our study concurred with the summation 

of R e h m a n et al. [43] that dietary inclusion of herbal 

plants improved the indices of tibia bone of broiler chick­

ens. The statistical variation in bone breaking strength in 

our study could be linked to the presence of caffeic acid in 

herbal plants used in the formulation of the diets fed to the 

pigs which must have resulted in higher osteoporosis that 

leads to less tensile strength of the bone, thereby requiring 

less breaking force [43].

Digestion and absorption of nutrients taken into the 

body of farm animals, occurs mostly in the small intestine of 

the animal. From the study of R u t t a n a v u t et al. [44], 

it was stated that the growth rate and intestinal performance 

were a result of the functionality of the intestinal villus and 

epithelial cell structures. Likewise, M e k b u n g w a n et al. 

[33] and P a p p e n h e i m e r and M i c h e l [40] stated 

that there is a positive correlation between the height of the 

villi and the rate of intestinal digestibility and absorption 

of nutrients. The statistical higher difference noted in the 

jejunum villus height of pigs on rations containing herb­

al-mix feed additives points to the fact that herbal plants 

contained an active ingredient that could have initiated 

cell proliferation [17, 22]; hence, improving the absorptive 

capacity of the intestine by increasing the surface area for 

nutrient absorption. L i u et al. [26] affirmed that the in­

tegration of Capsicum oleoresin, Turmeric oleoresin or gar­

lic in the diet of weanling pigs improved the gut health by 

increasing intestinal villi height, gut barrier function, and 

integrity. Likewise, M i c h i e l s et al. [34] concluded that 

the inclusion of carvacrol and thymol in pig’s rations led to 

a decline in the number of intra-epithelial lymphocytes and 

improvement in the villus height/crypt depth in the distal
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small intestine. The improvement in the jejunum height 

could also be linked to higher fibre content in the diets with 

range values of 4.68—6.40 %; higher values were obtained 

in diets with herbal-mix feed additives which must have en­

hanced the gut health of the pigs. L e S c i e l l o u r [24] 

surmised that there is an increasing evidence indicating 

that fibre could have prebiotic properties in pigs as a result 

of its interaction with gut micro-environment and the as­

sociated gut immune systems. L i n d b e r g [25] listed the 

merits of dietary fibre which includes its ability to stimulate 

gut health, increase the satiety in pigs, and affect pig be­

haviour and general well-being of the pigs. F a n g et al. [8] 

and A d e b i y i et al. [1] reported statistical increases in 

villus height in animals on dietary inclusion of photogenic 

plant parts.

CONCLUSIONS

Our study showed that dietary inclusion of different 

herbal-mix feed additives had an impact on serum pa­

rameters (Globulin, glucose, total cholestero, high- and 

low-density lipoproteins and aspartate aminotransferase), 

tibia morphometric (medial and lateral thickness and bone 

breaking strength) and jejunum villus height of growing 

pigs. It is therefore recommended that for sustainable food 

security in developing countries of the world, herbal-mix 

feed additives should be integrated in the ration of growing 

pig in order to enhance their general well-being and as well 

as reduce the cost of feeding among rural livestock keepers; 

however, caution must be taken as it can lead to poor bone 

mineralization at higher inclusion levels.
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