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ABSTRACT

The growth and body morphometrism of weaned pigs on dietary treatment with Lactobacillus acidophilus (LA) and
garlic powder (GP) was incorporated in a sixteen-week study. The experiment adopted a completely randomized design
in allocating landrace pigs (n=24) to four discrete dietary treatments, tagged (T1-T4), and replicated thrice. Pigs were
fed basal diets improved with phytomicrobial treatment using LA and GP, i.e., T1, control; T2, 50g LA; T3, 50g GP;
T4, 509 each of LA and GP 50kg-1 diet. Pigs were fed 4% of their body weight even as their weekly weights were
determined. Daily records of feed intake (ADFI) and weight gain of test pigs calculate their feed conversion efficiency
(FCR). Morphological measurements of pig’s height at withers (HW), chest girth (CG), and body length (BL) were on
a bi-weekly basis till the completion of the study. Data generated and analyzed presented ADFI and FCR of T4 (1.16Kkg;
3.41) to be significantly different (P<0.05) from T1 (1.44kg; 4.97) but similar to T2 (1.26kg; 3.60) and T3 (1.25kg;
3.79). HW was superior in T2 (53.00cm) yet inferior (P<0.05) in T1 (47.54cm) and T4 (46.17cm). BL of T2 (81.08cm)
was better (P<0.05) than T4 (75.02cm) alongside wider CG (72.33cm) than T1 and T4 (67.46 and 65.02cm).
Consequently, we concluded that phytomicrobial dietary treatment using 50g each of LA and GP 50kg diet improved
growth performance of young pigs while 50g LA/50kg diet increased morphological dimensions for height and

bulkiness to accomplish superior body morphometrism of the pigs.
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INTRODUCTION

Pig production has shown to be proficient in
ameliorating the nutrient deficiencies of mans’ diet due to
inherent biological characteristics that furnished the animal’s
survivability in nature (Umeh et al. 2015; Obayelu et al.
2017; Morenikeji et al. 2019). Consequently, pig production
has experienced significant improvement through the
incessant exploitation of several dietary strategies observed
in trial and practice (Wang et al. 2018; Pomar and Remus
2019; Blavi et al. 2021). Nonetheless, natural feed enhancers
were published as ideal feed agents in augmenting
production of domestic animals without adverse
implications (European Food Safety Authority [EFSA]
2017). Thus, a number of non-toxic feed additives have been
incorporated in swine feeding to improve performance
features of pigs. They include but not limited to; aromatic
botanicals, live bacterial organisms, organic acids, oregano
products, and non-nutritive by-products (Suryanarayana and
Durga 2018; Widayati et al. 2018; Schubert et al. 2021).

So far, aromatic botanicals popularly known as spices
are preferred among animal producers due to the limited

side effects, minimal administration costs and wide range
of effects observed with their usage (Sanchez et al. 2020).
Garlic (Allium sativum) is the amaryllidaceous spice that
has served cooking and therapeutic purposes before the
contemporary use in boosting performance indices of food
animals attributable to the constituent allicin. Allicin of
garlic have proved to improve the health and performance
of pigs by conditioning their gut features for efficient
utilization of feed nutrients (Upadhaya and Kim 2017).
Moreover, feed use of live microorganisms (probiotics) in
livestock production was designated “generally recognized
as safe” (GRAS) and best suited dietary alternative for
enhanced performance of farm animals by the United
States Food and Drug Administration (Plavec and Berlec
2020). The most dominant effect of probiotics in promoting
performance of farm animals involves the significant
inclination of gut microbes towards the lactic acid bacteria,
particularly the Lactobacillus species (Dowarah et al.
2017). These acid-loving bacteria exhibit inimitable
beneficial features in the animals’ GIT that have poised
their preference over most probiotic microorganisms used
in animal feeding.
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However, the quest to increase food animal production
still subsists, taking into account the extant limited food
resources available to the ever-rising population of human
beings estimated to surpass 10 billion people by 2050
(United Nations Department of Economic and Social
Affairs [UNDESA] 2019). This alarming situation has
called for global concern as it threatens a safe future for all
mankind. In view of this, experts have geared-in research
efforts lately to proffer sustainable ingenious interventions
that will surety food security for every human being living
on the planet, both now and in the future.

Meanwhile, the scarce literature on phytomicrobial
treatment of pig diets using Lactobacillus acidophilus
together with garlic spice to influence the animal’s growth
and body morphometrism on the same experimental field
justified our present study. Body morphometrism are
straight line measurements of the different body
extremities of an animal which are used to predict the live
weight of an animal and consequently its growth. The
growth performances of animals have been used to estimate
their production (Adeola et al. 2013; Kumari et al. 2020).
Hence, the present experiment assessed the growth
performance and body morphometrism of pigs served diets
improved with Lactobacillus acidophilus and garlic
powder on the same experimental farm conditions.

MATERIALS AND METHODS

Location and Duration of Study

The experiment was conducted at the Piggery Unit,
Department of Animal Science Teaching and Research
Farm, University of Nigeria, Nsukka. The geographical
location of Nsukka lies within latitudes 6° 43" and 7° 00
north and longitude 7° 13" and 7° 35" east at elevation of
551.68m above sea level, with a tropical climate having
adequate sunshine all year round (Onyenucheya and
Nnamchi 2018). The duration of the experiment was 16
weeks.

Management of Animals and Feeding

Before the setup of the study, experimental concrete-
floored pens (n=12) measuring 3.2x2.7m, were thoroughly
washed and bared without stocking. The pens had low
walls to aid adequate ventilation while solar bulbs served
as source of illumination in the pig house. Test pigs were
allowed 14 days of pre-experimentation, during which they
were de-wormed, acclimatized, and fed basal diets
prepared according to NRC (2012) recommendation for
weaned piglets (Table 1) on ad libitum basis. The treatment
materials were garlic (Allium sativum) and Lactobacillus
acidophilus, sourced from Department of Animal Health
and Production, University of Nigeria, Nsukka. The garlic
bulbs were trimmed of all accessories and spread on clean
floors to dry (14 days) before milling to powder. The garlic
powder (GP) was sieved into plastic containers with air-
proof covers and kept in a cool dry room. The test microbial
was 1.0x10° CFUg?' spray-dried Lactobacillus
acidophilus (LA) prepared in sterile sample bottles (100g
per sample bottle) by the supplier and kept prior to use in a
cooling chest set at 4°C (Giang et al. 2011). However, the
experiment adopted completely randomized experimental
design in arranging twenty-four landrace pigs (8 weeks
old) weighing approximately 16.50 kg, into four different
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Table 1: Composition of basal diet

Ingredients (%)
Wheat offal 25.00
Palm kernel cake 55.00
Groundnut cake 15.00
Limestone 2.50
Lysine 0.10
Methonine *0.10
Salt 0.20
Enzyme + toxin binder 0.10
Total 100.00
Calculated

Crude protein 18.00
Metabolizable energy (kcal/kg) 2600.00

dietary treatment groups tagged T1-T4. Each group was
replicated thrice, having two pigs per replicate. Dietary
treatment was according to dietary treatment groups such
that; T1 was control, T2 had 50g of LA, T3 received 50g of
GP and T4 had 50g each of LA and GP 50kg™ diet. The
pigs were fed 4% of their body weight with the treated diets
every morning till the close of study even as their feeding
troughs were cleaned of stale feeds (determined weights)
daily before serving fresh feeds. More so, we managed and
sampled the pigs in accordance with the extant provisions
of the Ethical Committee on the Use of Animals for
Experimentation of the University of Nigeria.

Data Collection and Statistical Analysis

The growth performance indices studied were: initial
and weekly body weights (kg) of test pigs, ascertained by
trapping the animals in jute sacs and hung on the Avery®
spring balance of 100kg capacity used in evaluating their
average daily weight gain (ADWG), as the change in
weekly body weights per days of the week; the average
daily feed intake (ADFI), measured as the difference
between feed served to a replicate pen and remnants after
24h per number of pigs in the replicate; feed conversion
ratio (FCR), calculated as the quantity of feed consumed to
the corresponding weight gained during the feeding period;
feed cost kg gain (FC), computed by the product of the
cost of total feed intake and FCR. Moreover, body
morphometric measurements were carried out on bi-
weekly basis to determine the animals’ height at whither
(HW), chest girth (CG), body flank (BF), and body length
(BL) in line with the Onyimonyi procedure for linear body
measurements of pigs (Machebe et al. 2016). Data from the
study were statistically analyzed in one-way analysis of
variance using the SPSS version 22.0 such that significant
treatment means were separated using the Duncan’s new
multiple range test set at 5% probability level.

RESULTS

Effect of Feeding Probiotics and Garlic Treated Diets
on the Growth Performance of Pigs

The growth indices of weaned piglets fed diets treated
with probiotics LA and garlic (Table 2) indicated final body
weights (FBW), ADFI, FC and FCR of the under-studied
pigs to be significantly (P<0.05) different, without
affecting their ADWG (P>0.05). However, Pigs on treated
diets recorded high FBW values (T2, 46.13kg; T3,
44.63kg; T4, 44.78kg) that were significantly different
from control (41.50kg). High ADFI of T1 (1.44kg) was
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Table 2: Growth indices of weaned piglets fed diets treated with garlic and probiotics

Parameters T1 T2 T3 T4

IBW (kg) 16.88+1.09 16.88+0.13 16.75+0.14 16.50+1.44
FBW (kg) 41.50+2.40b 46.13+1.65a 44.63+1.66a 44.78+3.90a
ADWG (kg) 0.29+0.23 0.35+0.29 0.33+0.19 0.34+0.24
ADFI (kg) 1.44+0.66a 1.26+0.69ab 1.25+0.05ab 1.16+0.07b
FCR 4,97+0.39%a 3.60+0.23ab 3.79+0.01ab 3.41+0.24b
FC (N) 220.22+17.61a 159.52+10.19b 167.93+13.31b 151.10+10.94b

a, b denotes means on same row that are significantly different at 5% probability, IBW is initial body weight, FBW is final body weight,
ADWG is average daily weight gain, ADFI is average daily feed intake, FCR is feed conversion ratio, FC is feed cost per kg gain, LA
is Lactobacillus acidophilus, GP is garlic powder, T1 is control, T2 is 50g of LA 50kg* feed, T3 is 50g of GP 50kg* feed, T4 is 50g

each of LA and GP 50kg* feed.

Table 3: Linear body morphometrism of pigs fed diets treated with probiotics and garlic

Parameters (cm) Tl T2 T3 T4
Height at withers 47.54+0.79bc 53.00+1.05a 49.02+0.77b 46.17+0.89c
Body flank 52.50+1.09ab 55.75+1.02a 52.17+0.99b 53.29+1.34ab
Body length 77.54+1.40ab 81.08+1.54a 78.96+1.18ab 75.02+1.98b
Chest girth 67.46+2.04b 72.33+1.28a 69.58+1.46ab 65.02+1.30b

a, b, ¢ represents means on the same row that are significantly different at 5% probability, LA is Lactobacillus acidophilus, GP is garlic
powder, T1 is control, T2 is 50g of LA 50kg feed, T3 is 50g of GP 50kg* feed, T4 is 50g each of LA and GP 50kg feed

significantly different (P<0.05) from the least values of T4
(1.16kg) across treatment groups. However, T2 and T3
recorded comparable (P>0.05) ADFI values (1.26 and
1.25kg) that were statistically the same with ADFI records
of T1 and T4. Nonetheless, FCR of T4 (3.41) was better
(P<0.05) than T1 (4.97), while T2 (3.60) and T3 (3.79)
shared statistical similarity (P>0.05) with FCR of T1 and
T4. Moreover, T1 recorded highest FC (3220.22) that
differed considerably (P<0.05) from the low values of
treated groups irrespective of the statistical similarity
(P>0.05) among the treatments such that T2 recorded
N159.52 while T3 and T4 had ¥167.93 and N151.10,
respectively.

Effect of Feeding Varying Levels of Probiotics and
Garlic on the Body Morphometrism of Pigs

The linear body measurements of pigs fed diets treated
with probiotics and garlic as presented on Table 3 indicated
that HW of T2 (53.00cm) was the best (P<0.05) among the
pigs while the least statistical (P<0.05) value of 46.17cm
was recorded for T4. However, T1 had comparable
(P>0.05) HW scores (47.54cm) with T3 (49.02cm) and T4.
The high BF measures of T2 (55.75cm) were not different
from T1 (52.50cm) and T4 (53.29cm), but higher than T3
(52.17cm). BL of T2 (81.08cm) were longer (P<0.05) than
T4 (75.02cm), while T1 (77.54cm) and T3 (78.96cm)
recorded comparable (P>0.05) BL measurements with T2
and T4. Meanwhile, CG of T2 (72.33cm) was significantly
higher than T1 (67.46cm) and T4 (65.02cm), yet similar to
T3 (69.58cm). Even so, we observed the CG of T3 to be
statistically the same with CG measures of T1, T2 and T4.

DISCUSSION

The amplified final body weights of pigs fed improved
diets could be ascribed to the role of the test additives in
stimulating better utilization of feed nutrients in the
gastrointestinal tract (GIT) of the experimental animals.
Particularly, we highlighted the protein-sparing proclivity
of Lactobacillus to be a probable metabolic itinerary that
endorsed the enhanced weights of treated pigs. Ezema
(2013) claimed that Lactobacillus based probiotics
customarily prefer sugar moieties as metabolic substrates
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thereby availing sufficient proteins for utilization in the
GIT. Hence, we explained these riveted proteins to be vital
in the manufacture of sufficient body tissues that translated
to the acclaimed weights of treated pigs. In agreement with
our findings, the discrete studies of Jeong et al. (2015) and
Dowarah et al. (2018) reported increased body weights of
pigs served dietary treatment with Lactobacillus
acidophilus. Yet, trivial growths of pigs fed dietary
inclusion of Lactobacillus acidophilus are available in
independent scientific reports (Cao et al. 2016;
Zimmermann et al. 2016). However, the present botanical
treatment most likely improved the acclaimed weights of
treated animals by exhibiting intrinsic antimicrobial
features that conditioned their intestinal tracts to support
better metabolism of nutrients than the control. Thus, garlic
in the feed exerted appreciable inhibition against gut
pathogens such that complacent intestinal features of the
test pigs promoted considerable nutrient conversion to
swine tissues. In support of our current supposition,
Airaodion et al. (2020) presented garlic to stall the
activities and proliferation of pathogenic gram negative
Escherichia coli, Salmonella typhi and Coliform bacillus.
So, present findings are consistent with the increased
weights of weaned pigs observed when their feeds received
dietary treatment with garlic (Batiha et al. 2020; Chen et al.
2021). Similar to our current results, the report of Ghosh et
al. (2010) claimed that garlic as a feed conditioner did not
influence the body weights but reduced feed intake and
improved feed conversion efficiency of young animals.
Meanwhile, the present phytomicrobial dietary
treatment (T4) exploited intestinal features associated with
feed palatability and nutrient transformation in the test pigs.
Allicin of garlic was indicated to be responsible for the
unique irritant flavor of the Allium spice (Macpherson et
al. 2005) which instigated significant loatheness in the
feeding behavior of weaned pigs reported by Onyimonyi
and Omeje (2013). Consequently, the subsisting
experiment suggested the spiciness of garlic to have
affected feed delectableness and possible ingestion in the
pigs served the phytomicrobial dietary treatment thereby
reducing their feed intake. There are purported claims of
reduced feed intake of swine and poultry placed on dietary
treatment with garlic powder (Onyimonyi et al. 2012;



Onyimonyi and Omeje 2013). However, we found that feed
intake of young pigs was not affected by dietary garlic even
if they had better feed efficiency than the control (YYan and
Kim 2013).

Furthermore, we described the role played by garlic
spice in contributing to the superior feed conversion
efficiency recorded for pigs on the phytomicrobial dietary
treatment (T4) to be the capacity of garlic’s allicin to
stimulate increased hind gut activities in the pigs to support
adequate assimilation of nutrient-chemicals. The effect of
dietary nutrients on the distal gut is well explained in
credible literature (Qaisrani et al. 2015) even as Onyimonyi
and Omeje (2013) made annotations of the significant
effect of garlic’s allicin in activating the transient receptor
potentials (TRPs) that conferred the unique pungent taste
stimulus of garlic through the neurotransmitters in the
mouth of treated pigs. Hence, we postulated these pain
sensing neurons implicated in TRP activation to have
initiated concurrent neural stimulation of the animals’ hind
gut to sponsor increased nutrient metabolism via the
hypothalamo-pituitary gut axis. In complacent agreement
with our proposition, independent studies of Han et al.
(2017) and Rabelo-Ruiz et al. (2021) reported enhanced
activities in the gut end of animals they placed on dietary
treatment with garlic. Nonetheless, improved feed
conversion efficiency was observed in weaned pigs fed
diets improved with garlic spice (Yan et al. 2012) even with
the contrasting report of Suleria et al. (2015), that
highlighted the efficiency of nutrient conversion in garlic
treated pigs to be unaffected.

This diminution in the quantity of feed consumed by
animals on the phytomicrobial treatments (T4) could be
explained to implicate the test lactic acid bacteria in
stimulating intestinal production of short chained volatile
fatty acids (SCVFA) that served the superfluous energy
generation in the gut cells. We found scientific reports that
associated increased SCVFA production with the activities
of lactic acid bacillus bacteria in the gut (Qiao et al. 2015;
Perez et al. 2016). These extra endogenous energy moieties
probably contributed to the energy fulfillment required of
the test pigs during nutrient metabolism such that the
animals consumed less feed to attain satiety. Logical
elucidation of energy score as chief determinants of feed
intake in weaned barrows was presented by Oresanya et al.
(2008). So, the reduced feed intake observed in grower pigs
fed diets improved with Lactobacillus agrees with our
present suggestion (Dowarah et al. 2017). However, we
found reports of improved feed intake in pigs fed dietary
probiotic treatment using Lactobacillus acidophilus (Perez
et al. 2016; Dowarah et al. 2018)

Meanwhile, Lactobacillus acidophilus of the
composite  phytomicrobial treatment (T4) played
supportive roles in amplifying the pigs’ intestinal features
to guarantee their acclaimed feed conversion efficiency.
The aptitude of Lactobacillus based probiotics to influence
gut features for better feed conversion was credited to the
ability of the non-protein exudates resulting from their
possible attachments to the gut to excite concomitant
digestive secretions that improved efficient nutrient
conversion in the host (Betancur et al. 2020; Arsene et al.
2021). Therefore, these non-protein complexes from test
Lactobacillus acidophilus could have triggered increased
digestive secretions central to incorporation of dietary

260

Int J Vet Sci, 2022, 11(2): 257-263.

constituents in the test pigs. Apposite swine studies that
reported improved feed efficiency of weanling pigs using
dietary treatment with Lactobacillus acidophilus were
consistent with our extant findings (Jeong et al. 2015; Perez
et al. 2016; Tufarelli et al. 2017). Nevertheless, unaffected
feed conversion ratio of weaned piglets was highlighted in
the review report of Dowarah et al. (2017).

However, the existing study envisaged synergistic
interaction between test materials of the phytomicrobial
treatment, but our current findings showed neither
antagonistic nor additive effects. The test materials
independently affected intestinal features that encouraged
improved performance of the treated pigs. We noted that
some authors proposed better animal performance with
Lactobacillus in combination with other growth promoting
feed agents than when in use as lone dietary treatment
(Zhao et al. 2018; Liu et al., 2020). Also, the symbiotic
concept of using specific in-feed substrate serving as
prebiotics to preferentially facilitate the growth of probiotic
bacteria or support a favorable gut environment for
probiotics action was explained as a potential approach for
better performance in pigs on dietary probiotics treatment
(Bhandari et al. 2010; Guerra-Ordaz et al. 2014).
Nonetheless, superior feed conversion ratio with no
resultant effect on feed intake of weanling pigs were
reported for Lactobacillus acidophilus in combination with
feed agents (Balasubramanian et al. 2017), whereas Barba-
Vidal et al. (2018) observed no significant differences in
the growth performance of weaned pigs fed diets treated
with composite probiotic blend of Lactobacillus species in
the same experimental field. Interestingly, we also found
scientific evidence on the increased body weights of
weaned piglets served phytomicrobial dietary treatment
with probiotics culture alongside garlic on the same
experimental field (Satora et al. 2021). On the other hand,
the costs of feed we offered to treated pigs in this study
were cheaper than the control even as their body weights
increased in line with the assertion of Dowarah et al.
(2017), that improved weights and feed efficiency results
in enhanced profitability of the farmer due to greater output
and reduction in overhead costs of production.

The measures of body extremities of pigs on microbial
dietary treatment showed significant superiority over the
control group as the animals were taller and larger in body
size. These improved linear growths were evidently proved
in the pigs’ height at withers and chest girth measurements.
Chest girth is measured as the linear thoracic rib cage
circumference directly behind the forelegs while height at
withers measures the shoulder of the animal to the ground
platform immediately after the dew claw. These biometric
measurements were reported as key determinants of pigs’
live weight, growth rate and overall productive
performance (Tissopi et al. 2019). Lactobacillus
acidophilus could have contributed to the increased body
size of pigs on the probiotics treatment by improving their
intestinal epithelia barrier for enhanced gut absorption and
assimilation of dietary constituents. Superior gut barrier
was associated with improved linear growth of weaned pigs
fed Lactobacillus acidophilus based probiotic dietary
treatments (Qiao et al. 2015; Cao et al. 2016). However,
improved chest girths and height at withers of grower pigs
fed microbial dietary treatment with Lactobacillus
acidophilus were reported in agreement with present



findings (Zhao and Kim 2015; Cao et al. 2016).
Nonetheless, some authors noted that dietary probiotic
treatment with Lactobacillus acidophilus did not improve
the linear growth of pigs (Ahmed et al. 2014).

Conclusion

Phytomicrobial dietary treatment with 50g each of
Lactobacillus acidophilus and garlic powder per 50kg of
feed improved growth performance indices of pigs in our
present study as it was obvious in the better feed conversion
ratio and reduced feed intake of pigs on composite dietary
treatment than the control, hence suggesting improved
nutrient utilization in the treated pigs. Also, microbial
dietary treatment with 50g of Lactobacillus acidophilus per
50kg of basal feed supported superior body morpho-
metrism of growing pigs as was evident in their enhanced
chest girths and height at withers measurements which are
proven estimates of live weight and growth in swine
production hence their selection as suitable dietary
treatment in advancing linear body morphometrism of pigs.
Thus, we recommend our phytomicrobial dietary treatment
with Lactobacillus acidophilus and garlic powder to be
widely adopted by pig farmers in producing safe pig
products for the growing human consuming populace.
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