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Abstract

Kolbroek pigs have numerous advantages as an indigenous breed including
its contributions to food security. However, there are numerous concerns
over the current feed regime that compromises its growth performance and
carcass quality. Therefore, this study was conducted to evaluate the growth
performance traits, attainment of puberty, backfat thickness (BFT), and car-
cass traits when boar fed diets supplemented with 10% (standard diet), 13%
and 16% crude protein. Fifteen pigs per protein diets were individually
housed and fed ad-Zibitum for eight weeks in a complete randomised design.
Average daily gain (ADG), average daily feed intake (ADFI) and feed conver-
sion ratio (FCR) were measured on a weekly basis. At the end of the trial, all
boars were slaughtered and carcass quality parameters measured. Pearson’s
correlation coefficients were calculated between growth performance para-
meters. Our data revealed that there was an increase in final body weight,
ADG, ADFI accompanied by decreases in BFT and the age of attainment of
puberty. There was also a positive correlation between ADFI and ADG (r =
0.78) accompanied by a low positive correlation between ADG and BFT (r =
0.12) with a high negative correlation between FCR and ADG (r = —0.94).
The water holding capacity (WHC), dressing percentage and marbling mass
appeared to decrease while the eye muscle area increased with protein sup-
plementation of the diet. There were also increases in the lungs, liver, small
plus large intestines and stomach with no changes in the pancreas and heart
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tissues. Accompanying these was observations that the meat colour lightness
improved accompanied by a decline in meat redness and yellowness. In con-
clusion, supplementation of boar diet with increasing crude protein improved
the carcass quality and growth performance of Kolbroek boars.
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1. Introduction

Kolbroek pigs are popular among local pig breeders. It forms part of national
assets, which are being conserved to maintain the breed genetically pure. It con-
tributes to poverty alleviation, as a protein source. Kolbroek pigs are a South
African indigenous pig breed that possesses valuable traits, such as longevity,
disease tolerance and adaptability to harsh environmental conditions in addition
to its contributions to food security [1]. They are small sized, weighing about 0.5
kg at birth and about 45.5 kg at one year of age [2]. They also have been recom-
mended as good alternative sources of protein that can provide additional in-
come especially for local rural farmers [3]. Current literature has shown that in-
digenous pigs tend to have thicker back-fat compared to exotic breeds, which
prevents them from receiving good carcass grades [4]. However, there are ob-
servations that Kolbroek pigs are less efficient as protein sources because of their
tendency to put on excess back fat [5]. These may be because the standardised
protein requirement for Kolbroek boars has not been ascertained [3]. These pigs
are typical fatty pig breeds with 28% to 35% of meat quality [6] [7]. Due to eco-
nomic reasons and customer demands, pig producers use nutrition to improve
their carcass quality with low fat content [6] [8]. Moreover, the body weight of a
boar is an important indicator of its growth, health and readiness to go to mar-
ket [9].

Low nutrient levels can easily be met through use of locally available feed re-
sources, such as leguminous leaf meals, groundnut hulls, sunflower cakes and
other fibrous protein sources [10]. These nutrients influence the growth perfor-
mance and carcass quality in boars. Many farms feed boars on sow diets, but the
feeding program may neglect some of the unique nutrient requirements that
must be met to optimize breeding sire reproductive performance [11]. In addi-
tion, low protein diets have been shown to further delay attainment of puberty
and reduce boar libido [12].

Back fat thickness (BFT) is one of the important economic traits that are used
to assess the carcass quality [13]. It is generally presumed that back fat depth po-
sitively correlates with growth and reproductive traits in male animals [14]. It is
thus conceivable that selection based primarily on productive characteristics,
especially for lean growth, leads to reproductive problems, such as low sperma-

tozoa production and delays in libido expressions after weaning in boars [15].
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Diet supplementation with crude protein (CP) could promote lean growth ac-
companied by decreased BFT and age of attainment of puberty.

The current study was conducted to assess the effect of dietary protein sup-
plementation on growth performance, puberty attainment, BFT, visceral organs
and carcass traits of Kolbroek boars. We hypothesized that dietary protein levels
have minimal effects on growth performance, puberty attainment, BFT, visceral

organs and carcass traits of Kolbroek pigs.

2. Materials and Methods

2.1. Animal Care

The experiments were carried out at the Pig Research Unit of Germplasm Con-
servation and Reproductive Biotechnologies Programme at the Agricultural Re-
search Council (ARC), Irene, South Africa. The ARC-AP campus is located at
25°55' South; 28°12' East. The campus is located in the Highveld region of South
Africa and situated at an altitude of 1525 m above sea level. The experimental
protocols were evaluated and approved by the Animal Ethics Committee of the
Agricultural Research Council-Animal Production (APIEC13/002).

2.2. Experimental Design, Animals and Diets

A total of 45 Kolbroek boars were used in this study at the (average + 1.5 kg) and
reared until 14 weeks (live weight + 13.4 kg). The boars were kept in pens that
were equipped with self-feeders and automatic water nipples. Feeds were offered
ad Iibitum at birth until weaning. After weaning, pigs were given punch creep
feeding for 4 weeks. The experimental boars were randomly allocated to three
protein diets, namely, diet 1 (10%; n = 15); Diet 2 (13%; n = 15) and Diet 3 (16%;
n = 15) at week 18 of age until weeks 34 of age and (live weight + 13.4 kg) were
used in this trial. Diets were formulated to meet the ARC pig nutritional re-
quirements by using Format international-feed formulation software solutions
(FI-FESS) [16]. The proximate compositions of the experimental diets are pre-
sented (Table 1).

Table 1. Feed formulation and chemical compositions of ingredients on diets of growing

Kolbroek pigs.
Levels of crude protein (%)
Item 10 13 16
Ingredient (kg/g)

155.40 159.40 159.44

Wheat bran
Hominy chop 300.00 355.24 350.50
Maize meal 495.70 399.00 304.10
Soya oil cake 120.60 121.00 121.50
Monocalcium 25.00 25.00 25.00
Full Fat Soya Micro 10.00 30.00 30.00
Limestone 6.00 16.00 13.00
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Continued
Salt 1.00 1.00 1.00
Lysine hydrochloride 0.60 0.70 0.80
DL Methionine 1.00 1.00 1.00
Pig Supplement* 4.00 4.00 4.00

Calculated composition (%)

Protein 10.53 13.50 16.00
Energy/MJ/KG DM 17.70 17.00 18.00
Fat 4.50 4.70 5.50
Phosphorus 1.10 0.80 0.80
Neutral Detergent fibre 30.40 30.00 30.00
Acid Detergent Fibre 6.50 6.00 6.70
Calcium 0.90 0.90 0.90

*The pig supplement contained vitamin A 6500000 IU; D3 1200000 IU; E 40000 IU; K3 2 g; B1 1.5 g; B2 4.5
g; B12 0.03 g; B6 2.5 g; Niacin 25 g; Calcium pantothenate 12 g; Choline 190.5 g; Folic acid 0.6 g; Biotin 0.05
mg; Manganese 40 g; Zinc 100 g; Copper 125 g; Iodine 1g; Ferrous 100 g and Selenium 0.3 g.

2.3. Growth Performance, Attainment Puberty and Back Fat
Thickness

Average daily feed intake (ADFI) from each boar was calculated for each treat-
ment every week, throughout the experimental period. Body weights (BW) were
recorded on a weekly basis, prior to feeding, to estimate ADG. Feed conversion
ratio (FCR) was calculated as the ratio of feed intake by the animals in each of
the experimental pen divided by the total weight gain of the animals per pen.
The amount of feed supplied to pigs was weighed and recorded. To calculate
feed intake, the amount of feed inside the feed trough after every seven days was
weighed and the weight of the leftover feed was then subtracted from the total
feed supplied to the animals for the seven days. The ADFI was calculated by
adding feed intakes for the entire experimental period and then dividing by the
total feed intake, and the number of experimental units was divided by the total
weight gain per pig. Backfat thickness of the live pigs was measured weekly by
means of a Renco ultrasound P2 backfat probe supplied by Instavet SA. Kol-
broek boars were fed ad /ibitum with liberal water supply, the feed intake and re-
sidual feed were weighed every day. Age at attainment of puberty was observed
and evaluated at 5 months of age. The boars were monitored twice a week for

attainment of puberty and the final weight was obtained at puberty.

2.4. Carcass Traits and Meat Composition of Longissimus Muscle

At the end of the experimental period, all boars were slaughtered and their av-
erage body weight determined. Pigs were processed according to the routine ab-
attoir procedures, which included an ante mortem inspection and rest for the
pigs before slaughter. The pigs were then stunned with an electrical stunner set

at 220 V and 1.8 A with a current flow for 6 s and exsanguinated within 10 s of
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stunning. Warm carcass weights (WCW) were measured after dressing using an
overhead scale. Visceral organs were removed immediately after removing the
hairs, and automatic weighing scale was used to measure the weight. After the
removal of the visceral organs, the remaining part was measured as carcass
weight and later expressed as percentage of the live weight to get the dressing
percentage. Dressing percentage calculations were determined as the cold car-
cass weight and expressed as a percentage of live weight. The carcass was placed
in cold room for 24 hours after which the cold carcass weights (CCW) and
lengths of carcass (CL) for each pig were determined. The carcass length was
taken as a distance from anterior edge of the first rib to the pubic bone along
median plane using a measuring tape [17]. Each carcass was then cut at the last
rib up to the middle. All other carcass measurements were taken from the left
side. A cut was made between the 10™ and 11" ribs and carried on through the
spinal column. The P2 fat measurement was taken on each carcass with Vernier
callipers over the eye muscle, 60 mm from the carcass midline. Depth of the BFT
was measured using a pair of Vernier callipers (Future Light (Gauteng, 0.05
mm). Backfat thickness measurements were made between the 2™ and 3™ rib.
Access was made to the loin for the measurements of the eye muscle length, eye
muscle width and eye muscle-fat on the carcass. The lean meat percentage was
calculated using the standardized formula (% lean = 72.5114 — 0.4618V +
0.0547S). Drop loss was calculated as the warm carcass weight less the cold car-
cass weight. Water holding capacity (WHC) was measured according to the
procedure of Hofmann and White, (1982) [18]. Briefly, a 0.3 g sample of muscle
was placed in a filter-press device and compressed for 5 min. After this process,
WHC was calculated from duplicate samples as the ratio of the meat film area to
the total area using an area-line meter (Super PLANIX-a, Tamaya Technics Inc.,
Tokyo, Japan). Meat colour was measured using a colorimeter (Colormeter
CR-300, Minolta Co., Osaka, Japan) immediately after removing the meat from
the polyethylene bag. The colour values of L* (lightness), a* (redness), and b*
(yellowness) were repeatedly measured in the same manner. The standard white

plate had a yvalue = 93.60, an xvalue = 0.3134, and a yvalue = 0.3194.

2.5. Statistical Analysis

Data were analysed using one-way analysis of variance (ANOVA). Shapi-
ro-Wilk’s test was performed to test for non-normality [19] [20]. Student’s
t-Least Significant Difference (LSD) was calculated at the 5% level to compare
treatment means of significant effects. Treatment means were separated using
Shapiro protected t-test least significant difference (LSD). The data were pre-

sented as means + SEM.

3. Results

Growth performance and age of puberty
Our data revealed that there was an increase in final body weight with increase
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in supplemented protein diet with a body gain of 6.2 kg at 13% diet. In addition,
there was an increase in total body weight gain as the protein supplementation
was increased. Average daily gain was increased from 0.29 kg/day to 0.33 kg/day
as the protein diet was increased. The BFT was decreased by 0.2 cm at 16% pro-
tein supplementation. Interestingly, the age of attainment of puberty was de-
creased by 3 days accompanied by loss of weight at puberty albeit insignificantly.
The effects of dietary protein inclusion levels on growth performance of pigs are
presented (Table 2).

This study revealed that the carcass length increased by 2 cm as the protein
supplementation was increased. Warm and cold carcass weight also increased by
5.48 kg and 6.24 kg at 13% and 16% protein supplementation. Accompanying
this was the lean meat percentage that increased by only 1% while the drip loss
percentage increased by 0.1%. Additionally, meat colour lightness improved ac-
companied by a decline in meat redness and yellowness (Table 4).

The effects of crude protein supplementation on visceral organ of the Kol-

broek boars are shown (Table 5).

Table 2. Effects of dietary protein levels on growth performance of Kolbroek boars.

Levels of crude protein (%)

Item 10 13 16 SEM p-Value

Growth performance traits

Initial weight (kg) 12.10 13.40 12.40 3.290 0.840
Final weight (kg) 78.37 84.60 82.33 7.732 0.487
Total gain (kg) 66.24 71.22 69.91 6.772 0.527
ADG (kg/day) 0.29 0.34 0.33 0.027 0.295
ADFI intake (kg/day) 1.40 1.43 1.50 0.069 0.440
FCR 4.44 4.20 4.38 0.316 0.529

Back fat thickness (cm) 18.20 18.75 18.00 1.110 0.603
Age at puberty (day) 157.20 153.84 154.42 4.812 0.526
Weight at puberty (kg) 44.23 41.17 43.80 6.063 0.717

Pearson’s correlation coefficients between growth performances of Kolbroek boars are summarized (Table
3). There was a high positive correlation between ADFI and ADG (r = 0.78). Moreover, a positive correla-
tion existed between ADG and BFT (r = 0.12) accompanied by a high negative correlation between FCR
and ADG (r = —0.94). Furthermore, negative correlations existed between feed intake and FCR (r = —0.57),
feed intake and BFT (r = —0.08) and FCR and BFT (r = —0.02), SEM - Standard Error of the Mean.

Table 3. Pearson correlation coefficients in growth performances of Kolbroek boars.

Item ADG ADFI FCR BFT
ADG 1.00 * * *
ADFI 0.78 1.00 * *
FCR —-0.94 -0.57 1.00 *
BFT 0.12 -0.08 -0.02 1.00

ADG- average daily gain; ADFI- average daily feed intake; FCR-feed conversion ratio.
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Table 4. The effects of dietary protein levels on carcass traits and composition in Kol-

broek pigs.
Levels of crude protein %
Item 10 13 16 SEM p-Value
Carcass characteristics
P2 live (mm) 19.49 19.50 19.54 0.707 1.000
Carcass length (cm) 79.50° 89.00* 91.50° 7.937 0.398
Warm carcass (kg) 69.75° 76.30* 75.27* 10.010 0.796
Cold carcass (kg) 67.51° 74.70* 73.75° 9.872 0.753
Lean meat (%) 54.52° 52.05* 56.01° 2.738 0.441
Dressing (%) 83.90* 77.00* 79.15% 3.617 0.294
Water holding 0.40* 0.44% 0.37% 0.058 0.473
Fat depth (mm) 52.53 50.28% 51.90* 5.053 0.948
Marbling mass 1.54* 2.00° 2.51° 1.000 0.650
Drip loss (%) 0.01° 0.04* 0.12* 10.010 0.442
Eye Muscle Area 30.05° 38.00* 37.50° 6.251 0.190
Colour L* 34.24* 36.81° 37.76* 2.556 0.467
a* 7.07¢ 4.90* 6.00% 1.001 0.260
b* 3.32° 3.35% 4.60* 1.867 0.732
Loin area (cm?) 53.38 70.40° 64.64° 4.905 0.084

**Values with different superscript differs significantly (P < 0.05) L* (lightness), a* (redness), and b* (yel-
lowness), p-Value and SEM- standard error of the mean.

Table 5. The effects of dietary protein levels on the visceral organ characteristics of Kol-
broek boars.

Levels of crude protein %

Item 10 13 16 SEM p-Value
Weight (kg/g)

Heart 0.21 0.20 0.23 0.001 0.503
Pancreas 0.10 0.10 0.11 0.002 0.392
Lungs 0.23 0.91 0.83 0.205 0.190
Liver 0.82 1.00 0.90 0.037 0.207
Small intestine 1.20 1.80 1.91 0.167 0.269
Large intestine 2.73 3.37 3.35 0.923 0.341
Stomach 2.43 2.57 2.79 0.053 0.248

4. Discussions

Improvement of carcass quality is important for the economy and consumer sa-
tisfaction. Kolbroek pigs are a good source of protein and are popular with our

local farmers because of its desirable traits. In this study, we have shown that by
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improving the carcass quality and growth performance through dietary crude
protein supplementation, we can reduce BFT while improving carcass body
weight and length. In addition, the age of puberty decreased accompanied by
loss of weight at that age. According to Heyer and Lebret (2007), final body
weight has no influence on carcass traits of Large White 70 and Large White 110
and did not modify the effects of feeding strategy on carcass traits [21]. Howev-
er, Kerr et al (1995) reported increases in carcass weight, BFT, lean meat thick-
ness and lean percentage in Du x LW and CH x LW pigs when dietary protein
levels were 17.3% high and 15.4% low [22]. In Yorkshire male pigs, increases in
carcass traits with the increasing dietary protein supplementation were reported
[23]. In contrast, Pharm et al (2010) noted that carcass traits were significantly
affected by dietary crude protein supplementation for BFT, longissimuss muscle
length, dressing percentage, lean percentage and fat percentage, with the excep-
tion of carcass length [24]. Moreover, the ADG increased as was the ADFIL. In
this study, these parameters had high correlation as the protein supplementation
was increased. Additionally, the FCR showed opposing relationships with ADFI
and ADG. It has been reported that the optimal dietary crude protein content
for maximum ADG was lowest for the Mong Cai boars (14.5%) and medium for
the Large White x Mong Cai boars (15.9%) and highest for the Landrace x
Mong Cai x Large White boars (16.4%) [24]. Carpenter et al (2004) and Nya-
choti et al (2000) reported a significant reduction in ADG and ADFI for diets
containing a CP level of 19% or less while Madrid ef al (2013) reported that
there were no significant effects of dietary treatment on performance traits
measured in growing and the finishing period (LW x LR) pigs [25] [26] [27].
Similarly, it has been reported that a strong correlation exists between ADFI and
ADG [28] [29]. In addition, it has been indicated that dietary protein supple-
mentation increased the ADG and lean percentage and subsequently decreased
the FCR and BFT [30]. Others have shown that increasing the dietary protein
level accelerated the increase in ADG in Kadon pigs [31]. In addition, feed in-
take increased as dietary protein levels were increased in growing to finishing
pigs [32].

In this study, WHC appears to decrease as the protein supplementation was
increased. In addition, Hong et al (2016) reported that WHC was decreased by
the effect of phase feeding through dietary protein levels in growing pig ([York-
shire x Landrace] x Duroc) crosses and WHC was decreased and cooking loss
was also increased as dietary protein level reduced [33]. Cromwell ef al (1993)
reported that increasing the dietary protein or lysine level resulted in improved
rates of gain and increased carcass of (Landrace x Mong Cai) x Large White
[34]. Interestingly, pigs fed low protein diets have been shown to have fatter
carcasses compared with those fed high protein diets [22] [35]. However, in our
case, crude protein supplementation decreased BFT.

We also found that lungs, liver, small and large intestine and stomach were all
increased as the protein supplementation was increased. Despite others report-

ing that the decreasing dietary CP level decreased the relative organ weights of

DOI: 10.4236/0jas.2020.103031

509 Open Journal of Animal Sciences


https://doi.org/10.4236/ojas.2020.103031

T. R. Netshirovha et al.

liver, heart and pancreas, we have made opposing observation [22] [36] [37].
Heo et al. (2010) reported that reduction in pancreas weight of pigs fed low-CP
diets suggested a reduced amount of pancreatic protease, which could be re-
quired to digest the smaller quantity of consumed protein [37]. It has been re-
ported that the weights of small and large intestine and stomach were higher in
pigs fed the high protein than those fed the low protein diets in agreement with
our study [38] [39] [40]. Shortcomings and limitations of this study include the
fact that the differences obtained due to various protein diets are very small and
often insignificant. However, the overall benefits per carcass could account for

greater profits for farmers.

5. Conclusion

We have shown in this study that we can improve Kolbroek carcass quality by
using CP dietary supplementation. These improvements were shown by increas-
es in body weight, length, visceral organs and decreases in BFT and the days of
attainment of puberty. This means that inclusion of protein in the diet of Kol-
broek will have returns for the farmer, but it also means that the farmers have to
spend more in the diet to have these returns. Therefore, this model might not be
viable for poor farmers and thus prompt for more research on improving the di-

ets for Kolbroek boars.
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