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Abstract. The effect of different enzyme products on the utilisation of high copra meal (CPM)-based diets by growing
pigs was investigated in two experiments (1 and 2). Four diets containing 0, 150, 300 and 450 g CPM/kg were fed in
Experiment 1. Feed intake and bodyweight gain were depressed (P < 0.05) above 150 g/kg inclusion but final bodyweight
was maintained (P > 0.05) up to 300 g/kg dietary CPM. Dressing percentage improved (P < 0.05) on 150 compared with
the control and 450 g/kg diets. In Experiment 2, four diets based on 300 g CPM/kg unsupplemented/supplemented with
Allzyme, b-mannanase or their combinations were fed. Feed intake reduced on the control compared with Allzyme
supplementation (P < 0.05). Bodyweight gain was improved with Allzyme supplementation. Pigs fed diets supplemented
with Allzyme and mannanase converted their feed into weight better (P < 0.05). Growth rates decreased when CPM was
included in the diet at levels greater than 150 g/kg, but at 300 g/kg the decrease in growth rate was much less when
supplemented with Allzyme or b-mannanase.
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Introduction

Pacific island countries face difficulties in procuring quality
livestock feeds at affordable prices. Traditional ingredients are
not readily available in the region and are thus expensive.
Soybean, a conventional protein source in pig diets, is not
grown at all in most countries or where it may be grown the
cultivation is insignificant and not enough to meet the demand
of the livestock industry. In order to reduce the cost of high
quality feed ingredients for pig feeding in the region there is
need to increase research into the usefulness of locally available,
cheap protein sources for pig feeding.

Copra meal (CPM), a by-product of coconut oil extraction
is readily available in the region. The protein content of CPM
ranges from 190 to 250 g/kg (Sauvant et al. 2004; Sundu et al.
2009) and the residual oil from 35 to 70 g/kg (Canapi et al. 2005;
Kurian and Peter 2007). CPM is however, high in fibre (Sundu
et al. 2012), which limits its full utilisation in pig rations. The
beneficial effect of exogenous enzymes on the utilisation of fibre
by monogastric animals is well documented (Yin et al. 2000,
2001; Chartchai et al. 2006).

There are reports on the supplementation of growing pigs’
diets with Allzyme (Akintunde et al. 2011; pp. 69–75) and
b-mannanase (Yoon et al. 2010; Kwon and Kim 2015), but
the comparative effect of these enzyme products on pig
growth is not documented. The present study compared the
effect of CPM-based diets with Allzyme SSF, b-mannanase
and their combinations on the growth performance, dressing

percentage and organ weights of pigs grown to ~30 kg. This
weight is within the most preferred weight range by consumers
in Samoa.

Materials and methods

CPM used in both experiments was collected from Pacific Oil
Samoa on the day of oil extraction to ensure its freshness. Copra,
fish, and full fat soybean meals were analysed for proximate
composition (Table 1) and used as protein sources in the diets.

Experiment 1
The object of this experiment was to establish the threshold
level of CPM in growing pigs’ diets. Four isonitrogenous pig
grower diets containing ~18% crude protein, 1% lysine and 0.7%
methionine were formulated for the experiment (Table 2). The
control diet was based on fish meal and full fat soybean meal.
CPM was included in the other diets at 150, 300 and 450 g/kg,
respectively. A total of 32 crossbred (Large White · Landrace)
weaner pigs aged 9 weeks (13.3 � 0.2 kg) were housed in pairs
in 16 standard size concrete floor pig pens. Each of the diets
was fed ad libitum to pigs in four randomly selected pens in a
completely randomised design for a period of 10 weeks.

Experiment 2
After establishing the threshold level of CPM in Experiment 1,
the effect of two exogenous enzyme products (Allzyme SSF,
and b-mannanase) and their combinations at 300 g/t on pig
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performance was studied in Experiment 2. Four pig grower
diets (~18% crude protein, 1% lysine and 0.7% methionine)
containing 300 g CPM/kg were formulated with or without
enzyme supplementation (Table 3).

The diets were analysed for proximate and amino acid
composition as in Experiment 1. A total of 32 crossbred
(Large White · Landrace) weaner pigs aged 9 weeks (13 �
0.2 kg) were assigned to the same pens used in Experiment 1.
The formulated diets and clean drinking water were supplied
ad libitum to pigs in four randomly selected pens in a completely
randomised design for 10 weeks.

Data collection
Data were collected on growth, dressing percentage and organ
weights. Weighed quantities of feed were fed daily and weight
change monitored by weekly weighing. Feed conversion ratio
(FCR) was calculated as feed consumed to weight gained. At
the end of each trial, all the pigs were fasted overnight, stunned
electrically and slaughtered. Slaughtered pigs were scalded in
hot water (65�C) for 5 min, dehaired and eviscerated. Dressed
carcasses (excluding head and trotters) were weighed and
expressed as percentages of slaughter weight. Sections of the
gastrointestinal tract were also weighed and expressed as
percentages of slaughter weight.

Chemical analyses
CPM, fish meal and soybean meal were analysed for proximate
composition. Dry matter was determined for 24 h in a forced
air oven (103�C). Nitrogen was analysed by Kjeldahl method
(AOAC 1990; ID 954.01) and crude protein calculated as
nitrogen · 6.25. Total fat, ash and fibre were analysed
according to AOAC (1990, ID 942.05, 920.39, 962.09,
respectively). After acid hydrolysis (6 mol/L HCl, 115�C, for
23 h), samples of the diets were analysed for amino acids
by chromatography using the AAA 400 analyser (INGOS,
Prague, CZ).

Statistical analyses
Data collected were subjected to ANOVA (Steel and Torrie
1980) using GLM of SPSS (Statistical Package for Social
Sciences, version 22). Pen was used as the experimental unit
for feed consumption data whereas growth, dressing out
percentage and organ weights were measured on individual
pigs. Significant differences were reported at 5% level of
probability.

Results and discussion

Experiment 1

The growth performance data of the pigs are presented in
Table 4. Calculated ME and methionine intakes reduced
above 150 g and lysine above 300 g/kg dietary CPM. There
was a marked decrease in daily feed intake (P < 0.05)
above 150 g/kg inclusion of CPM but weight gain and final
bodyweight were maintained (P > 0.05) up to 300 g CPM/kg
diet. The FCR was not affected (P > 0.05) by dietary treatment.
Feed cost of weight gain (ST$/kg) reduced (P < 0.05) above
300 g/kg CPM in the diet. No mortality occurred during the
experiment. The higher intakes of lysine, methionine and ME
on the control and 150 g/kg diets could be probable reasons
for the improved growth performance observed on these diets.
A positive relationship between amino acid intake and body
protein deposition has also been reported by Edwards and
Campbell (1993). The fibre content of the diets increased
linearly with the level of CPM. Although fibre was not
analysed for soluble and insoluble fractions the reduced
feed intake and weight gain above 150 g CPM/kg diet may
be due to dietary fibre level. Lower feed intake in growing pigs
fed high fibre diets as a result of gut fill has been reported
(Souza da Silva et al. 2012; Kallabis and Kaufmann 2012).
Len et al. (2008) observed reduced feed intake in Mong
Cai · Yorkshire and Landrace · Yorkshire crossbred pigs
when dietary fibre was increased from 6.4% to 10%. Kallabis

Table 1. Composition of experimental copra meal, fish meal and
soybean (%DM)

Constituent (%) Copra meal Fish meal Soybean full fat

Dry matter 90.25 93.70 91.40
Crude protein 24.90 58.70 38.80
Crude fibre 11.9 0.2 3.8
Ether extract 6.61 13.3 16.5
Ash 6.6 12.7 7.8
MEA (MJ/kg) 12.06 14.74 15.22

ACalculated metabolisable energy.

Table 2. Composition of the diets in Experiment 1 (as-fed basis)

Ingredients Level of dietary copra meal (g/kg)
0 150 300 450

Corn 410 350 310 247
Mill mix 370 332 267 230
Soybean meal (full fat) 91 70 60 23
Fish meal 88 55 20 7
Copra meal 0 150 300 450
Poultry fat 15 15 15 15
Snail shell meal 18 18 18 18
PremixA 2 2 2 2
Salt 3 3 3 3
L-Lysine HCL 2 3 3 3
DL-Methionine 1 2 2 2

Analysed composition (%DM)
Dry matter 89.27 88.81 88.77 88.78
Crude protein 18.1 18.0 17.9 18.2
Crude fibre 6.5 7.2 8.2 8.8
Lysine 1.06 1.04 1.03 1.03
Methionine 0.75 0.72 0.7 0.7
MEB (MJ/kg) 13.98 13.85 13.6 13.52

ABiomix provides per kg: vitamin A, 300 000 IU; vitamin D3, 59 500 IU;
vitamin E (100%), 0.600 g; vitamin B1 (100%), 0.030 g; vitamin B2 (100%),
0.140 g; vitamin B6 (100%), 0.031 g; vitamin B12 (100%), 0.000605 g;
vitamin K3 (100%), 0.040 g; vitamin PP (100%), 0.600 g; calcium
pantothenate (100%), 0.300 g; folic acid (100%), 0.021 g; biotin (100%),
0.0006; choline chloride (100%), 2.000g; iron, 1.500g,manganese, 0.800g;
copper, 1.937 g; cobalt, 0.010 g; zinc, 1.500 g; iodine, 0.015 g; selenium,
0.004 g; calcium, 1.540 g; Endox, 0.030 g.

BMetabolisable energy (calculated).
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and Kaufmann (2012) also reported reduced feed intake,
bodyweight gain and lower final bodyweight in growing
pigs fed diets containing 7.3% compared with a control
group fed 5.18% dietary fibre.

Zhang et al. (2013) also observed decreased feed intake in
growing pigs as dietary fibre increased. Poor palatability due

to possible rancidity of CPM during storage could also be a
possible cause for reduced intake. Grieve et al. (1966) and
Malynicz (1973) observed that expeller-pressed CPM at 300
g/kg diet supports adequate performance in growing pigs but
negative effects were reported in pigs grown from ~40 to 90 kg
(O’Doherty and McKeon 2000). Despite depressed feed intake

Table 3. Composition of the diets in Experiment 2 (as-fed basis)

Ingredients (g/kg) Diets
Control Allzyme SSF Mannanase Allzyme SSF + Mannanase

Maize 391 390 390 390
Wheat bran 106 105.7 105.7 105.7
Soybean (full fat) 75 75 75 75
Fish meal 55 55 55 55
Copra meal 300 300 300 300
Poultry fat 20 20 20 20
Snail shell 40 40 40 40
PremixA 3 3 3 3
Salt 5 5 5 5
L-Lysine HCL 3 3 3 3
Dl-Methionine 2 2 2 2
Allzyme SSF – 0.3 –

b-Mannanase – – 0.3 –

Allzyme + b-mannanase (1 : 1) – – – 0.3

Analysed composition (%DM)
Dry matter 90.14 89.79 89.82 89.87
Crude protein 18.2 17.98 18 17.9
Crude fibre 8.05 8.05 8.05 8.05
Lysine 1.03 1.04 1.04 1.04
Methionine 0.7 0.7 0.7 0.7
MEB (MJ/kg) 13.81 13.80 13.80 13.80

ABiomix provides per kg: vitamin A, 300 000 IU; vitamin D3, 59 500 IU; vitamin E (100%), 0.600 g; vitamin B1 (100%),
0.030 g; vitamin B2 (100%), 0.140 g; vitamin B6 (100%), 0.031 g; vitamin B12 (100%), 0.000605 g; vitamin K3 (100%),
0.040 g; vitamin PP (100%), 0.600 g; calcium pantothenate (100%), 0.300 g; folic acid (100%), 0.021 g; biotin
(100%), 0.0006; choline chloride (100%), 2.000 g; iron, 1.500 g, manganese, 0.800 g; copper, 1.937 g; cobalt, 0.010 g;
zinc, 1.500 g; iodine, 0.015 g; selenium, 0.004 g; calcium, 1.540 g; Endox, 0.030 g.

BMetabolisable energy (calculated).

Table 4. Growth performance data of the pigs in Experiment 1 (four pens with two pigs per pen)
a–c, Means in the row bearing different letters are significantly different (P = 0.05). s.e.m., standard error of the mean;

NA, not analysed; ST$, Samoan Tala dollar (ST$1 = US$0.393 at the time of the experiment)

Parameters Level of dietary copra meal (g/kg)
0 150 300 450 s.e.m. P-value

Initial weight (kg) 13 13.5 13.5 13.3 0.18 0.242
Final weight (kg) 32a 31.7ab 27.85bc 24.85c 1.3 0.013
Daily feed intake (kg) 1.21a 1.30a 1.00b 0.80c 0.06 0.002
Daily gain (kg) 0.36a 0.34ab 0.28bc 0.22c 0.02 0.003
Feed conversion ratio (feed : gain) 3.34 3.79 3.63 3.57 0.46 0.228
Cost of kg feed (ST$) 1.80 1.37 1.13 0.93 NA NA
Feed costA (ST$/kg gain) 6.03a 5.19ab 4.11b 3.32b 0.62 0.041
Mortality (number) 0 0 0 0 NA NA

Calculated daily intake
ME (MJ/kg) 16.91a 18.01a 13.6b 10.82c 0.47 0.032
Lysine (g) 14a 14a 9ab 6b 0.002 0.011
Methionine (g) 9a 9a 5b 4b 0.01 0.023

ACalculated as the product of feed conversion ratio and the cost of the kg feed.
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above 150 g/kg dietary CPM, final bodyweight was maintained
up to 300 g/kg inclusion or 7.2% dietary fibre. The effect
of dietary fibre concentration on pig growth has been variable
depending on pig age, fibre source and composition, processing
method and diet composition (Low 1993). Siebra et al. (2008)
recommended 224 g/kg dietary CPM for optimum pig growth.
Performance was depressed at 300 g/kg inclusion of CPM in
the present study suggesting that the optimum level lies between
150 and 300 g CPM/kg diet. In another study, Yuthana (1986),
cited in Perez (1997), observed that up to 400 g/kg dietary
expeller-pressed CPM supplemented with lysine and methionine
maintained performance of growing pigs between 18 and 93 kg.
Thorne et al. (1988) also demonstrated that up to 500 g CPM/kg
diet could be used in growing-finishing diets supplemented
with synthetic amino acids or proteins with higher quality. The
present study used CPM extracted at 120�C in younger pigs
weighing from 13 to 32 kg. The age of the pigs and possible
effect of higher temperatures during expeller-pressing on
structural feed components might affect the performance of
pigs fed CPM diets. The lower feed intake on the 450 g/kg
inclusion diet was the reason for the reduced feed cost of
weight gain observed on this diet.

From Table 5, dressing percentage was higher (P < 0.05)
on 150 g CPM/kg diet but did not differ (P > 0.05) among the
control, 300 and 450 g CPM/kg. Higher (P < 0.05) percent
liver and stomach was observed on the 150 and 300 g/kg
levels of CPM. Percent small intestine was heavier on the
300 g/kg fed group. Heavier large intestine (P < 0.05) was
recorded on the control compared with the CPM diets. Diets
based on the 150 and 300 g CPM/kg must have been retained
longer in the gastrointestinal tract resulting in an increased
nutrient absorption. This may explain the increasing trend of
dressing percentage up to 300 g CPM/kg. The lower intake of
the 450 g/kg diet with the resultant lower intake of individual
nutrients is probably the main reason for the poorer dressing
percentage on this diet. Dressing percentage on all the diets
was lower than expected for pigs due to the method of
dressing used (removal of head and trotters). The reason for
increased percent liver on the 150 and 300 gCPM/kg diet was not
clear but probably due to an increased secretory activity of the
liver (bile) on these diets. Increased biliary secretion of pigs fed
high fibre diets has also been reported by Dierick et al. (1989).
The lower fibre content of the control diet and the low intake

of the diet based on 450 g CPM/kg might explain the similarity
in liver weight on these diets. The increased digesta retention
earlier speculated might have resulted in a higher percent
stomach on the 150 and 300 g/kg diets. The heavier small
intestine weight on the 300 g CPM/kg diet may be in attempt
to increase nutrient absorption probably as a result of increased
fibre breakdown in the stomach of pigs fed this diet. This
pattern of dressing percentage and organ weights does not
concur with the findings of Jørgensen et al. (1996) and Qin
et al. (2002) who observed reduced dressing percent and
higher viscera and gastrointestinal weights in pigs fed high
fibre diets. The higher dressing percentage observed despite
the heavier liver and gastronintestinal weights on the 150 g/kg
diet may be as earlier mentioned due to increased activity of
these organs (liver and gastrointestinal), which must have
resulted in a greater nutrient absorption. The heavier small
intestine on the 300 g/kg diet may suggest a poorer nutrient
absorption on this diet and thus the reduced performance
compared with the control fed group. The control diet must
have transited faster in the small intestine on account of its
low fibre content to accumulate in the large intestine resulting
in a heavier large intestinal weight of pigs fed this diet
compared with the test diets. The production of short-chain
fatty acids during fermentation of fibre in the pig’s colon may
also be a possible reason for the gut weight pattern in this study.
Possible involvement of short-chain fatty acids in gastrointestinal
emptying has been suggested by Cherbut et al. (1997). The
reduced weight of the large intestine on the 300 and 450 g
CPM/kg diets was attributed to the lower intake of these diets.

Experiment 2

From the growth data (Table 6), feed intake was depressed on
the control compared with the Allzyme-supplemented diet
(P < 0.05) but did not differ (P > 0.05) among the enzyme-
supplemented as well as among the control, mannanase and
enzyme combination diets. Allzyme supplementation improved
intake of lysine and metabolisable energy (calculated). Pigs fed
the Allzyme-supplemented diet gained more weight (P < 0.05)
than those fed the other three diets. FCRwas improved (P < 0.05)
on Allzyme and b-mannanase-supplemented diets. Feed cost
of gain was reduced (P < 0.05) on the Allzyme compared
with the control and Allzyme + mannanase diets. No mortality

Table 5. Mean dressing percentage and organ weights of the pigs in Experiment 1 (four pens with two
pigs per pen)

a–c, Means in the row bearing different letters are significantly different (P = 0.05). s.e.m., standard error
of the mean

Parameters Level of dietary copra meal (g/kg)
0 150 300 450 s.e.m. P-value

Dressing percentage 53.1b 59.12a 53.35b 52.47b 1.54 0.035

Organs (% liveweight)
Liver 1.71b 2.22a 2.16a 1.72b 0.214 0.021
Stomach 1.63b 2.45a 2.36a 1.72b 0.202 0.009
Small intestine 4.5b 4.98b 5.78a 4.51b 0.075 0.000
Large intestine 7.99a 6.95b 6.52c 6.72c 0.068 0.000
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occurred during the experiment. Lysine intake on all diets was
slightly below NRC (1998) recommendations but the intake of
methionine exceeded these recommendations. The higher ME
and lysine intakes on one hand and a possible increased
hydrolytic activity by Allzyme on the other may be reasons for
the higher daily gain and heavier final bodyweight observed
on the Allzyme-supplemented diet. The beneficial effect of
Allzyme supplementation on pig growth is documented
(Alltech 2009, cited in Akintunde et al. 2011). The failure of
b-mannanase to improve gain and final bodyweight compared
with Allzyme suggests that the fibre of CPMmay be present in a
more complex form. The complexity of CPM non-starch
polysaccharide (NSP) has earlier been reported by Sundu et al.
(2006). These results are congruent with earlier reports by
Kwon and Kim (2015) who observed no effect of mannanase
supplementation of CPM or palm kernel meal-based diets by
pigs. Yoon et al. (2010) however, reported improved growth
performance of pigs fed diets based on distiller dried grain with
soluble supplemented with 500 g b-mannanase/kg diet vis.
300 g/kg in the present study. These authors also used 100
to 150 g distiller dried grain with soluble/kg against 300 g
CPM/kg diet in this study. Fibre type and level, and enzyme
concentration may all affect the effectiveness of fibre hydrolytic
enzymes. Despite the similarities in daily nutrient intake between

the groups supplemented with Allzyme and Allzyme +
mannanase, growth performance was not improved on the
latter diet probably because the concentration of individual
enzymes in the mixture (150 : 150 g/kg) was low enough to
cause meaningful hydrolysis. Jackson et al. (2004) observed no
effect of 50 mannanase units in broilers fed corn-soybean meal
diets but 80 or 100 mannanase units increased gain and FCR.

Results of carcass and organ weights (Table 7) showed no
treatment effect on dressing percentage (P > 0.05) but the
weight of gastrointestinal segments was affected (P < 0.05) by
the diet. The stomach assumed its highest value (P < 0.05) on
the control diet but did not differ (P > 0.05) among the
enzyme-supplemented diets. The small intestinal weight
increased (P < 0.05) on Allzyme, followed by mannanase
and the enzyme combination diets. The weight of the large
intestine followed a similar pattern to that of the stomach. The
reason for similar dressing percentages among the dietary
treatments despite the heavier stomach and large intestinal
weights on the control diet was not clear. The reduced weight
of the stomach on the enzyme-based diets may suggest an
increased fibre breakdown on these diets compared with the
unsupplemented control diet. These results are consistent with
the observation of Jørgensen et al. (1996) that pigs adapt to
high fibre diets by increasing gut weight. A possible increased

Table 6. Growth performance of the pigs in Experiment 2 (four pens with two pigs per pen)
a–c, Means in the row bearing different letters are significantly different (P = 0.05). s.e.m., standard error of the mean;

NA, not analysed; ST$, Samoan Tala dollar (ST$1 = US$0.393 at the time of the experiment)

Parameters Diets
Control Allzyme Mannanase Allzyme + Mannanase s.e.m. P-value

Initial weight (kg/pig) 13 13.2 13.1 12.8 0.389 0.771
Final weight (kg/pig) 26.2b 31.5a 25.3b 26.4b 1.186 0.021
Daily feed intake (kg/pig) 0.85b 1a 0.88ab 0.96ab 0.041 0.025
Daily gain (kg/pig) 0.19c 0.35a 0.27b 0.21bc 0.022 0.036
Feed conversion ratio (feed : gain) 4.47 2.85 3.26 4.57 0.174 0.038
Cost of kg feed (ST$) 1.16 1.21 1.2 1.18 NA
Feed cost/kg gainA (ST$) 5.19a 3.45b 3.91ab 5.39a 0.241 0.037
Mortality (number) 0 0 0 0 NA

Calculated daily intake
Lysine (g) 9.3b 10.4a 9.2b 10ab 0.26 0.044
Methionine (g) 6b 7a 6.2b 6.7ab 0.20 0.041
ME (MJ/kg) 11.74c 13.8a 12.14bc 13.25ab 0.41 0.027

ACalculated as the product of feed conversion ratio and the cost of the kg feed.

Table 7. Dressing percentage and organ weights of the pigs in Experiment 2 (four pens with two pigs per pen)
a–d, Means in the row bearing different letters are significantly different (P = 0.05). s.e.m., standard error of the mean

Parameters Diets
Control Allzyme Mannanase Allzyme + Mannanase s.e.m. P-value

Carcass and organ measurements (% liveweight)
Carcass 52.8 53.1 53.87 52.64 1.463 0.143
Stomach 3.8a 2.7b 3.2b 2.8b 0.079 0.000
Small intestine 5.2d 6.1a 5.9ab 4.8c 0.063 0.001
Large intestine 9.7a 7.2b 8.9ab 7.5b 0.565 0.001
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absorptive activity in the small intestine as a result of this
increased fibre breakdown must have triggered the higher
small intestinal weight of pigs fed these diets. This increase
absorption in the small intestine with the resultant reduction
of the amount of digesta transiting to the large intestine might
be the reason for the lighter weight of this segment on the
enzyme-supplemented diets. The heavier large intestine
recorded on the control suggests a poor hydrolysis and
absorption of this diet in the upper segments.

Conclusion

Where weight gain is the major attribute, cold pressed-extracted
CPM at 150 g/kg diet is optimum for growing pigs. Allzyme
SSF or b-mannanase supplementation at 300 g/t will improve
utilisation of higher levels. b-mannanase in combination with
Allzyme at this concentration does not improve performance.
Further studies into CPM source, inclusion rate, enzyme product
and concentration and pig age are recommended.
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