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A b s t r a c t

This study aimed to assess the effects of palm kernel meal (PKM) based diet with or witho-
ut enzyme supplementation on growth response, cost benefits and villi morphometry of weaned 
pigs. Forty weaned male pigs with an initial weight of 7.85 ± 0.31 kg (Large white x Landrace) 
were divided into four dietary groups. The control diet (A) consist of only PKM based diet.  
In contrast, the three other PKM based diets B, C and D were supplemented with increasing do-
ses of commercial feed enzyme (polyzyme) at an inclusion level of 0.1%, 0.2% and 0.3% respecti-
vely. The PKM had 91.58% dry matter, 15.75% crude protein, 21.42% crude fibre, 12.23% ether 
extract, 1.40% ash, 40.78% nitrogen-free extract and 3,030 kcal/kg metabolizable energy.  
The feed cost per kg ranges from ₦102.11 in diet A to ₦108.71 in diet D with a linear increase 
across dietary groups. The villi height was higher in those fed diets A than those fed diets B–D. 
In conclusion, polyzyme supplementation up to 0.30% does not improve weight gain and profit 
margin but reduced villi height. Therefore increased polyzyme use should be further researched 
in a 55% PKM based diet.
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Introduction

The use of palm kernel meal (PKM) in mono-gastric animals such as 
poultry and swine is limited due to the low activity of fibre digestive enzy-
mes in their gastrointestinal tract (SharMila et al. 2014). Non-starch 
polysaccharides (NSPs) are complex carbohydrates with the sophisticated 
cell wall, other than starches found in food. They form the major part of 
dietary fibre and can be measured more precisely than total dietary fibre. 
Examples include cellulose, pectins, glucans, arabinans, arabinogalac-
tans, galactans, mannans, and galactomannans. Non-starch Polysacchari-
des, being a carbohydrate, are a potential energy source and are indigesti-
ble by monogastric animals. Their fibrousness can result in reduced 
nutrient digestibility, increased feed conversion ratio and ultimately 
decreased animal performance (WenK 2001, nOBlet and le gOFF 2001), 
although this is determined by fibre properties (LindBerg 2014). Palm 
kernel cake (PKC) consist mainly of mannans, cellulose and xylans (Wing-  
-KeOng and KAI-KAI chOng 2002) with mannans dominating its signifi-
cant portion of NSP. It contains about 78% of mannans with β-mannan 
amounting up to 32.5% (OladOKun et al. 2016).

Numerous researches have been conducted to develop various means 
of increasing the nutritional contents of fibrous feedstock to reduce and or 
eliminate the constraints of utilizing them in mono-gastric diets. Physical, 
chemical, biological, or combination of these treatment methods have all 
been used in achieving this target (SharMila et al. 2014). However, the 
chemical and natural treatments of PKC seem to be more potent and 
improve the nutritive values of PKC in diets. One form of biological treat-
ment used in improving the nutritive value of PKC in diets involves supple-
mentation of the diets with exogenous enzymes that can breakdown the cell 
wall of NSPs present in PKC and liberate the nutrients entrapped within 
the cell wall. The treatment will enable the nutrients to be easily accessi-
ble to the animal for absorption, thereby enhancing their digestibility. 

In recent time, there have been collective efforts tailored towards 
limiting the negative effect of dietary NSP in mono-gastric diets and 
improve the nutritive value of feedstuffs through the use of exogenous 
enzymes (SeKOni et al. 2008). The digestion of non-starch polysaccharides 
(NSPs) of the cell wall of PKC can be enhanced with the use of enzyme 
supplementation in monogastric diets (SOBOtKa et al. 2011). However, 
studies show that the supplementation of exogenous enzymes in diets con-
taining PKC could improve its nutritive quality, and make it more availa-
ble for animal use, especially poultry and swine (SeKOni et al. 2008, chOng 
et al. 2008). Nevertheless, the use of a cocktail of enzymes is limited.
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This study aimed to appraise the outcome of palm kernel meal-based 
diet with or without polyzme enzyme supplementation on growth response, 
cost benefits and villi morphometry of weaned pigs.

Materials and Methods

The experiment was carried out at the Ladoke Akintola University 
 of Technology Teaching and Research Farm Piggery Unit, Ogbomoso. 
Ogbomoso lies on longitude 40161 East of the Greenwich Meridian and 
Latitude 80101 North of the equator. The region has a latitude between 
300 and 600 meters above sea level. The mean annual temperature is 
about 270C while that of average rainfall is 1247 mm. The vegetation  
of the study area is in the derived savannah zone (OjedapO et al. 2009). 

Forty weaned male pigs with an initial weight of 7.85 ± 0.13 kg (Large 
white x Landrace) were used for this experiment which lasted for seven 
weeks. The pigs used were from the same piggery unit where the experi-
ment took place. The weaned pigs selected based on sex and weight were 
farrowed by 6 Large white sows mated by the same Landrace boar. Con-
crete floor experimental pens, feed troughs and drinkers used were washed 
and cleaned thoroughly before the introduction of the pigs to the pen and 
use of other materials. They were acclimatized and fed with weaner ration 
of 22% CP for a week before the commencement of the experiment. The 
pigs were weighed individually and assigned to four (4) dietary groups 
based on weight with ten (10) replicates per treatment. The animals were 
after that weighed every week until the end of the feeding trial. Feed and 
water also were given ad libitum. 

The feedstuffs and test enzyme (Polyzme, an exogenous enzyme) used 
for the experiment was purchased from a reputable commercial feed store 
in Ogbomoso. The enzyme is a cocktail of mannanase, xylanase, cellulase, 
glucanase, phytase, amylase, pectinase, lipase, galactosidase and protease.

Four dietary formulations of palm kernel meal (PKM) basal diet, sup-
plemented with or without enzyme supplementation were formulated for 
the weaned pigs. The control diet (A) consist of only PKM based diet with 
no enzyme supplementation. In contrast, the remaining three diets were 
supplemented with increasing dosages of commercial feed enzyme (poly-
zyme) at inclusion level of 0.1% [1 g kg-1 feed], 0.2% and 0.3% as diets B, C 
and D respectively as displayed by Table 1. 
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Table 1
 Percentage composition of components of experimental diets

Ingredients [%] Diet A
0.0% Polyzyme

Diet B
0.1% Polyzyme

Diet C
0.2% Polyzyme

Diet D
0.3% Polyzyme

Maize 15.00 15.00 15.00 15.00

Fish meal 3.00 3.00 3.00 3.00

Full fat soya 9.00 9.00 9.00 9.00

Palm kernel meal 55.00 55.00 55.00 55.00

Wheat offal 15.00 15.00 15.00 15.00

Bone meal 1.50 1.50 1.50 1.50

Limestone 1.00 1.00 1.00 1.00

*Premix 0.25 0.25 0.25 0.25

Salt 0.25 0.25 0.25 0.25

Polyzyme [%] 0.00 0.10 0.20 0.30

Total 100.00 100.00 100.00 100.00

Calculated nutrients [%]

Crude protein 19.93 19.93 19.93 19.93

Ether extract 6.35 6.35 6.35 6.35

Crude fibre 8.70 8.70 8.70 8.70

ME [MJ kg-1] 11.36 11.36 11.36 11.36

Lysine 0.87 0.87 0.87 0.87

Methionine 0.40 0.40 0.40 0.40

Calcium 0.95 0.95 0.95 0.95
Explanations: ME – metabolizable energy; *premix composition: vitamin A – 12 500 000 IU;  
vitamin D3 – 5 000 000 IU; vitamin E – 40 000 mg; vitamin K3 – 2000 mg; vitamin B1 – 3000 mg; 
vitamin B2 – 5500 mg; niacin – 55 000 mg; calcium pantothenate – 11 500 mg; vitamin B6 – 5000 mg; 
vitamin B12 – 25 mg; folic acid – 1000 mg; biotin – 50 mg; choline chloride 500 000 mg; mangane-
se – 300 000 mg; iron – 120 000 mg; zinc – 80 000 mg; copper – 8500 mg; iodine – 1500 mg;  
cobalt – 3000 mg; selenium – 120 mg; anti-oxidant – 120 000 mg (in every 2.5 kg package, at 2.5 kg 
per ton of feed)

Data were collected on growth performance indices, including feed 
intake, weight changes while the feed conversion ratio was calculated. 
Feed intake was measured individually as the differential between feed 
offered and feed left daily while the weight change or gain was taken 
weekly using a sensitive electronic scale. The feed conversion ratio was 
calculated as average feed intake divided by average weight gain. Econo-
mic indices were calculated as previously described (Ojediran et al. 2017). 

Feed cost/kg = sum (quantity of each ingredient – unit cost of each 
ingredient) %/100.
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Feed cost per kg weight gain = feed cost/kg – total feed intake [kg]/
total weight gain.

Income per kg weight gain = selling price/kg – final weight per pig/ 
total weight gain [kg]

Profit per kg weight gain = income per kg weight – feed cost/kg weight 
gain

Economic efficiency of growth (EEG) = (profit per kg of weight gain/
feed cost per kg weight gain) ∙ 100. 

Morphometric characteristics of the jejunum, including the villus 
length and width, crypt depth and area, were determined. By the end  
of the experiment, four pigs were randomly selected from each treatment 
for jejunum evaluation and were starved overnight for 12 hours but allo-
wed access to water ad libitum. The pigs were slaughtered by severing the 
jugular veins and were eviscerated to collect the jejunum portion at three 
different locations. The triplicate samples were fixed in 10% neutral buffe-
red formalin labelled appropriately before further processing in an auto-
matic tissue processor, embedded in paraffin wax and sectioned at 
5 microns on a rotary microtome mounted on glass slides. The stepwise 
protocol for the automatic tissue processor for histological examination 
slide was done as previously described (Shen et al. 2009, CarSOn and 
chriSta 2009).  

Only the villi considered adequate for measurements were counted. 
A villus is deemed to be sufficient when its base is embedded in the sub-
mucosa (10 x magnification); its body did not present any discontinuity or 
folds (4 x magnification), and simple columnar epithelium was present at 
the tip (40 x magnification). From each section, five randomly selected villi 
were measured in each slide per field, and five areas were used. Villi leng-
ths, widths and cryptal depths were measured in microns (converted to 
cm) using top view software on the Amscope (MU900) camera.

A representative sample of the palm kernel meal used in the formula-
tion was taken and analysed for proximate composition using the proce-
dure of AOac (2012). The metabolizable energy (ME) was calculated using 
the equation predicted by Pauzenga (1985): 

metabolizable energy [kcal/kg] = (37 ∙ %CP) + (81.8 ∙ %EE) + (35.5 ∙ %NFE)

The data collected in this feed trial were subjected to analysis of 
variance (ANOVA) in a completely randomized design using SaS (2000) 
software package and means was separated using Duncan multiple range 
test of the same package.
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Results
The proximate composition of palm kernel meal (PKM) used in this 

study is presented in Table 2. It had 91.58% dry matter, 15.75% crude 
protein, 21.42% crude fibre, 12.23% ether extract, 1.40% ash, 40.78% nitro-
gen-free extract and 3,030.85 kcal/kg (12.67 MJ kg-1) metabolizable energy.

The growth performance of weaned pigs fed PKM based diet with 
or without enzyme supplementation is shown in Table 3. The results indi-
cated that average daily feed intake (ADFI) was significantly different  
(P < 0.05), however, the average initial weight, average final weight, ave-
rage daily weight gain and feed conversion ratio were not significantly 
influenced (P > 0.05). ADFI reduced linearly from pigs fed diets A to D 
except pigs fed diet C that had the highest value.   

Table 4 shows the economic benefits of weaner pigs fed PKM based 
diet with and without enzyme supplementation. The feed cost per kg was 
significantly different (P < 0.05). It ranged from ₦102.11 in diet A to 
₦108.71 in diet D with a linear increase across dietary groups. The values 
obtained for the feed cost per kg weight gain, income per kg weight gain, 
profit per kilograms of weight gain and the economic efficiency of increase 
were not significantly different (P > 0.05).

Intestinal morphology of grower pigs fed PKC based diet with and 
without enzyme supplementation is as shown in Table 5. The villus height 
was significantly affected (P < 0.05) by the dietary treatments. The villi 
width, cryptal depth and width were not significantly different (P > 0.05) 
across the groups. The villi height was considerably higher than those fed 
diets B–D. 

Table 2 
 Chemical composition of palm kernel meal (PKM)

Nutrients Percentage composition

Dry matter 91.58

Crude protein 15.75

Crude fibre 21.42

Ash 1.40

Ether extract 12.23

Nitrogen free extract 40.78

ME [MJ kg-1] 12.67
Explanations: ME – metabolizable energy
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Table 3
 Growth performance of weaner pigs fed PKC based diet with  

and without enzyme supplementation

Parameters Diet A
0.0% Polyzyme

Diet B
0.1% Polyzyme

Diet C
0.2% Polyzyme

Diet D
0.3% Polyzyme SEM (±)

AIW [kg] 7.81 7.80 7.98 7.89 0.31

AFW [kg] 21.56 19.76 22.04 19.78 0.81

ADWG [kg] 0.28 0.24 0.29 0.24 0.01

ADFI [kg] 0.80b 0.68c 0.83a 0.62d 0.20

FCR 3.28 2.86 3.00 2.59 0.21

Explanations: a, b, c, d – means with different superscripts in the same row are significantly diffe-
rent (P < 0.05); AIW – average initial weight; AFW – average final weight; ADWG – average  
daily weight gain; ADFI – average daily feed intake; FCR – feed conversion ratio; SEM – group 
standard error of mean

Table 4
Economic indices of weaner pigs fed PKC based diet with and without enzyme supplementation

Parameters Diet A
0.0% Polyzyme

Diet B
0.1% Polyzyme

Diet C
0.2% Polyzyme

Diet D
0.3% Polyzyme SEM (±)

FC/kg [₦] 102.11d 104.31c 106.51b 108.71a 0.58

FC/kg WG [₦] 335.00 298.59 319.70 281.58 21.00

Income/kg WG [₦] 665.12 664.85 633.96 665.42 18.76

Profit/kgWG [₦] 330.13 366.27 314.26 383.83 12.21

EEG 115.61 128.25 104.27 138.90 8.47

Explanations: a, b, c, d – means with different superscripts in the same row are significantly diffe-
rent (P < 0.05); FC/kg – feed cost per kilogramme; FC/kg WG – feed cost per kilogramme weight 
gain; EEG – economic efficiency of gain; SEM – standard error of mean; ₦ – Nigerian naira

Table 5
Villi morphometry of weaner pigs fed PKC based diet with and without enzyme supplementation

Parameters [cm] Diet A
0.0% Polyzyme

Diet B
0.1% Polyzyme

Diet C
0.2% Polyzyme

Diet D
0.3% Polyzyme SEM (±)

Villi height 0.32a 0.26b 0.23b 0.25b 0.01

Villi width 0.04 0.04 0.03 0.04 0.00

Cryptal depth 0.15 0.16 0.13 0.17 0.01

Cryptal width 0.03 0.03 0.02 0.03 0.00

Explanations: a, b – means with different superscripts in the same row are significantly different 
(P < 0.05); SEM – standard error of the mean
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Discussion

The palm kernel meal used was observed to contain similar crude pro-
tein, crude fibre and moisture contents as previously reported (adeSehi-
nWa 2009). However, the values obtained for ash, ether extract and nitro-
gen-free extract were different from those indicated by the same author. 
The shell content of palm kernel meal, which could be as high as 10% was 
reported earlier (adeSehinWa 2007) to contribute a great deal to its high 
fibre content. The ether extract content, however, is a function of the oil 
extraction method used (BOateng et al. 2008). The metabolizable energy 
of PKM in this current study is similar to that reported previously (ade-
SehinWa 2007), which were different from that of the typical Malaysian 
PKC reported by SharMila et al. (2014). The difference may be attributed 
to the predominant method of oil extraction. 

In this study, polyzyme® enzyme supplementation did not affect 
weight gain and feed conversation ration of weaned pigs. It was also 
observed that the enzyme does not necessarily increase the voluntary feed 
intake of the animals. Still, the previous study found that Avizyme® 1300 
inclusion in 100 kg of 45% Cassava peel meal (CPM) based diet improved 
feed utilization and performance (adeSehinWa 2007). Observation from 
this study is also contrary to the report that enzyme supplementation in 
pigs diet might improve feed conversion ratio without any significant dif-
ference in feed intake (aO et al. 2011), this author also reported that the 
inclusion of palm kernel meal in pig diet decreased the growth perfor-
mance while carbohydrase cocktail supplementation counteracted the 
adverse effects caused by palm kernel meal addition in pig’s diet. Another 
study on the response of weaned pigs to enzyme supplemented palm ker-
nel cake in place of maize concluded that there were no differences between 
the total weight gain of weaned pigs on the control diet and those on diets 
with 40% PKC with and without enzyme supplementation (OluFeMi and 
aKpOdiete 2010), this report is similar to the result of this present study, 
which indicated that 55% PKM in the diets of weaned pigs with and 
without enzyme supplementation does not adversely affect weight and 
feed conversation ratio. 

Feed costs account for 65% to 75% of pig production expenses and 
significantly impact the profitability of pork producers; therefore, produ-
cing alternative sources of feed is essential (ChOi et al. 2015) because, the 
cost of corn, which is a significant component of animal feed, increased 
owing to the considerable demand for bio-ethanol and bio-fuel (de gOrter 
et al. 2013). The increased feed cost per kg with increased polyzyme sup-
plementation in this study could not be unexpected because the gross feed 
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composition was the same except for the enzyme quantity added. Howe-
ver, despite the higher cost/kg of the supplemented diets to the control 
diet, the feed cost per weight gain, income per kilograms of weight gain, 
and profit per kg weight gain and economic efficiency of gain compared 
favourably. The result may suggest that the polyzyme supplementation in 
a 55% PKM based diet may be unnecessary. Previous report showed that 
reduction of feed cost was not only to obtain cheaper feed but also aimed at 
the derivation of best production performance with the cheaper feed (ade-
SehinWa 2009), this author, therefore, concluded that the efficiency with 
which the feed was utilized was of significant importance, this was also 
observed in this study.

The morphometry of the intestine (jejunum) from this study indicates 
that the villus heights were lower in the supplemented group than the 
non-supplemented group (control diet A). The result of villi height in this 
current study agrees with the report of hedeMann et al. (2006), who attri-
buted such decrease in weaned pigs to high soluble NSP content. It sugge-
sts the efficacy of polyzyme in this study. Nevertheless, insoluble NSP as 
observed in pigs fed diet with no polyzyme according to Hedemann et al. 
(2006) reduce transit time through the intestine and provide substrates 
that modulate the gut morphometry by increasing villi height. Freire et al. 
(2003) suggested that observed differences in gut morphology is explaina-
ble by differences in digesta transit time and gut microbial activities.

Also from the histo-morphometry report is the conclusion that inc-
lusion of 55% PKC in weaner pig’s diet affects the morphometry of the 
intestine of the test animals and enzyme supplementation of the diets has 
no counteracting effects on the intestine of the animals.

Conclusions

It can be concluded that polyzyme supplementation at between  
0.1–0.3% does not improve weight gain and profit margin. Nevertheless, 
reduced villi height. Therefore, increased polyzyme use should be further 
researched in a 55% PKM based diet.

Accepted for print 3.03.2020
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