[ Downloaded from jast.modares.ac.ir on 2024-05-20 ]

[ DOR: 20.1001.1.16807073.2020.22.5.14.8 ]

J. Agr. Sci. Tech. (2020) Vol. 22(5): 1235-1246

Pawpaw, Black Cumin, and Mustard Seed Meals Dietary
Supplementation in Broiler Chickens: Effect on Performance,
Gut Microflora, and Gut Morphology

M. J. Adegbeye!, O. D. Oloruntola®’, E. K. Asaniyan®, B. Agunbiade®, E. A. Oisagah®,
and S. O. Ayodele®

ABSTRACT

This study evaluated the effect of pawpaw, black cumin, and mustard seed meals (PSM,
BSM, and MSM, respectively) supplementation on broiler chickens’ performance, gut
microflora, and gut morphology. Two basal diets were formulated for the starter and
grower phases and divided into five portions. Portion one (Diet 1), the negative control,
contained no supplementation, portion two (Diet 2), was supplemented with 0.11 g kg™
oxytetracycline. The third (Diet 3), the forth (Diet 4) and the fifth portions (Diet 5) were
supplemented with 15 g kg™ PSM, MSM and BSM, respectively. Three-hundred 1-day old
Arbor Acres broiler chicks were randomly distributed into five treatments (10
chicks/replicate; 60 chicks/treatment) in a completely randomized design. The
performance characteristics of the birds were determined on 7 days interval. On day 42,
three birds per replicate were sacrificed for the determination of the carcass traits and
relative internal organs weights. At the grower phase and overall, the Body Weight Gain
(BWG) of broiler chickens fed Diet 3 was similar (P> 0.05) to those fed Diet 4, but
significantly (P< 0.05) higher than the broiler chickens fed the rest of the diets. The liver,
pancreas and gizzard relative weights were affected (P< 0.05) by the treatment. On day
42, higher (P< 0.05) Lactic Acid-producing Bacteria (LAB) count was recorded in birds
fed Diet 2. In the jejunum, the villi heights and crypt depths were higher (P<0.05) in bird
fed Diets 1, 2, and 3. Supplementation of the broiler diets with 15 g kg™* of PSM, BSM and
MSM enhanced the body weight of broiler chicken.

Keywords: Arbor Acres broiler, Oxytetracycline, Phytogenic feed, Phytogenic feed
supplements.

INTRODUCTION used to enhance the performance and
health status of farm animals (Bednarczyk
et al., 2016). At present, the existing ban
on the use of the antibiotic growth
promoters in farm animal production has
steered up the search for alternative feed
supplements such as exogenous enzymes
(Oloruntola et al.2018a; Oloruntola, et al.

The farm animals’ performance and
wellbeing are affected by both internal and
external factors that include nutrition
(Karaskova et al., 2015). In the past, the
use of antibiotic growth promoters was
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2018b), prebiotics (Bednarczyk et al.,
2016), fermented stuff (Alshelmani et al.,
2017) and phytogenic feed additives
(Ipcak and Alcicek 2018; Oloruntola et al.,
2018c).

Phytogenic feed additives or
supplements relevance in animal nutrition
is on the increase (Karaskova et al., 2015;
Adegbeye et al., 2018) because they exert
positive effects on the sensory properties
of animal products, exert
immunomodulatory effects, stimulate the
digestion processes and secretion of
substance that enhance the growth and
performance, and improve the
antioxidative status of the animals
(Karaskova et al., 2015; Oloruntola et al.,
2018d; Oloruntola et al., 2018e). Reports
have shown that botanicals improve
productivity by maintaining the gut
microflora balance, exert antimicrobial
effects on pathogenic microorganisms,
improve the stimulation of enzyme
production in the gut and improve the
health status of farm animals (Seidavi and
Simoes, 2015). Generally, herbs contain
flavonoids, alkaloids, and polyphenol
among other phytochemicals of benefits in
animal production (Adegbeye et al., 2018;
Falmideh et al., 2019). Recently, the
antimicrobial and antihelminthic impacts
of black cumin, pawpaw, and mustard
seeds were reported by (Adegbeye et al.,
2018). Improved body weight gain,
triglyceride, and cholesterol-lowering
effects were reported in broiler chickens
fed diets supplemented with phytogenic
feed supplements (Oloruntola et al.,
2018c).

Black cumin (Nigella sativa) seed meal,
pawpaw (Carica papaya) seed meal and
mustard (Brassica juncea) seed meal could
be promising phytogenic growth health-
enhancing feed supplement in broiler
production. Therefore, this study aimed to
evaluate the effect of black cumin, paw-
paw, and mustard seed meals on
performance, carcass characteristics, gut
microflora, and gut morphology of broiler
chickens.
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MATERIALS AND METHODS

Ethical Approval, Seeds Collection,
Processing, and Analysis

Seeds of pawpaw were obtained from
pawpaw fruits being obtained from the
western part of Nigeria, while the brown
mustard and black cumin seeds were
obtained from local markets in northern
Nigeria. These seeds were milled separately
into the size of about 100 pum to produce
Pawpaw Seed Meal (PSM), Black cumin
Seed Meal (BSM) and Mustard Seed Meal
(MSM), respectively. Thereafter, the seed
meals were analyzed in triplicate (Table 1)
for proximate composition (AOAC.1995),
alkaloid (Harborne, 1973), saponin and
tannin (Aina et al., 2012), phenol (Xu and
Diosady, 1997), flavonoid (Bohm and
Kocipai-Abyazan, 1994), benzyl
isothiocyanate (Marton and Lavric, 2013),
allyl isothiocyanate (Mukhopadhyay, and
Bhattacharyya, 1983), and thymoquinone
(Taleuzzaman, et al., 2017).

Experimental Diets

Two basal diets (Table 1) were formulated
for the starter phase (1-21 days of age) and
grower phase (22-42 days of age) in
accordance with NRC (1994) requirement.
Thereafter, the basal diets were divided into
five dietary treatments. Diet 1 contained no
supplementation, Diet 2, was supplemented
with 0.11 g kg* OxyTetracycline (OT).
Diets 3, 4, and 5 were supplemented with 15
g kg* of PSM, MSM, and BSM,
respectively. The five diets were analyzed
(AOAC.1995).

Birds and Experimental Design

Three-hundred 1-day old Arbor Acres
broiler chicks were randomly distributed
into  five dietary treatments (10
chicks/replicate; 60 chicks/treatment) in a
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completely randomized design. During the
first 7 days of brooding, the temperature of
the house was maintained within 31+2°C.
The temperature was reduced by 2°C after
each consecutive 7 days until the house
temperature was 26+2°C. The light was
provided 22 hours/day while the feed and
water were provided ad libitum.

Chicken Growth Performance,
Slaughtering Procedure, Carcass Trait,
and Internal Organ Evaluation

The Body Weight (BW) and Feed Intake
(FI) of the birds were determined on 7 days
interval. Thereafter, the average Body
Weight Gain (BWG) and Feed Conversion
Ratio (FCR) were estimated. On day 42,
three birds per replicate were randomly
selected, tagged, weighed, sacrificed, de-
feathered, eviscerated, dressed and weighed
to determine the dressed weigh and dressed
percentage. The heart, lung, pancreas,
spleen, liver, proventriculus, and gizzard
were excised out, weighed and expressed as
percentage slaughtered weight.

Microbial Sampling and Cultivation
and Gut Morphology

At the end of the trial (day 42), three
chickens per replicate was slaughtered. The
cecum and ileum content of the slaughtered
chickens were extracted and used for
subsequent analysis of the bacterial
population by serial dilution. One gram of
feces was diluted serially (1:10) to 10-6 with
a 0.85 NaCl solution. Thereafter, 0.1 mL of
each dilution was plated onto nutrient agar
and Mac-Conkey agar to culture the total
aerobic bacterial and Escherichia coli
counts, respectively. MRS agar was used to
culture the lactic acid-producing bacteria
(Seidavi and Simoes, 2015; Dibaji, et al.,
2014; Esmailzadeh, et al. 2016).

The gastrointestinal tract of slaughtered
birds was removed and separated into the
duodenum (taken distally from the gizzard
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to the end of the pancreatic loop), the
jejunum (taken distally from the pancreatic
loop to Meckel’s diverticulum), ileum (taken
from the Meckel’s diverticulum to the
ileocaecal junction. A length of 0.5 cm was
taken from the middle portion of each of the
three intestinal segments, placed into
separate bottles containing 10% formalin
and processed for histological studies
(Adeleye, et al., 2018; Alshelmani, et al.
2016). The intestinal villi with their crypts
were separated individually under a
dissecting microscope (Goodlad, et al.
1991). The length and width of the villi were
also measured (Adeleye, et al., 2018).

Statistical Analysis

All data were subjected to statistical
analysis using one-way ANOVA for a
completely randomized design. Means were
separated by Duncan’s Multiple Range Test
for significance at 0.05 level.

RESULTS

Composition of Phytogenics and Their
Effects on Broiler Chicken Performance

The proximate composition of the
experimental  diets and  phytogenic
Supplements (PSM, MSM, and BSM) are
presented in Table 1. Alkaloid, tannin,
phenol, saponin, and flavonoid were
detected in PSM, MSM, and BSM, while
thymoquinone, benzyl isothiocyanate, and
allylisothiocyanate were only present in
BSM, PSM, and MSM, respectively. Table 2
shows the effect of  phytogenic
supplementation on the performance,
dressing percentage, and relative internal
organ weights of the broiler chickens. At the
starter phase, BWG, FI and FCR were not
(P> 0.05) affected by the dietary treatment.
At the grower phase and overall (1-42 days),
the BWG of broiler chickens fed the 15 g kg™
of PSM, MSM and BSM supplemented diets
were higher (P< 0.05) than the control.
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Generally, higher (P< 0.05) BWG was
recorded in birds that were fed PSM
supplemented-diet during the grower and
overall periods.

The relative liver weight of the birds fed
the control diet was higher (P< 0.05) than
those fed the supplemented diets. The
relative pancreas weight of broiler chickens
fed MSM and PSM supplemented diet were
similar (P> 0.05) but higher (P< 0.05) than
those fed the control and the rest diets. The
gizzard relative weights of birds fed the
control and MSM supplemented-diet were
similar (P> 0.05) but higher than those fed
the rest diets.

Effects of Phytogenic Supplementation
on the lleum and Cecum Microflora and
Gut Morphology

The effects of the  phytogenic
supplementation on the ileum and cecum
microflora of broiler chicken are shown in
Table 3. The ileum and cecum Total Aerobic
Bacteria (TAB), E. coli and Lactic Acid-
producing Bacteria (LAB) count in the
experimental birds were not affected (P>
0.05) by the treatments on day 22. On day
42, the ileum TAB, E. coli and LAB count
was stable (P> 0.05) across the treatments.
However, on day 42, the Cecum Escherichia
coli and LAB count of the birds fed the
control diet, PSM, MSM, and BSM
supplemented diets were similar (P> 0.05),
while the higher count (P< 0.05) was
recorded in birds fed the OT supplemented-
diet. Table 4 shows the effect of phytogenic
supplementation on the gut morphology of
broiler chicken at days 42. In the jejunum,
the villi heights and crypt depths were
higher (P< 0.05) in birds fed the control diet,
OT, and PSM supplemented diets compared
to those fed the rest of the diets. In the
duodenum, the crypt depth recorded across
the various dietary treatments were
comparable (P> 0.05), except in those birds
fed BSM supplemented diet that had lower
(P< 0.05) crypt depth compared to the OT
supplemented diet.
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DISCUSSION

The variation in the compositions of PSM,
MSM, and BSM being recorded in this study
suggests the diversification of their effects
or activities when used as dietary
supplements in animal feeds. The nutrient
composition and effects supplied by
phytogenics was reported to be a function of
the plant source (Oloruntola et al., 2018c).
For instance, the thymoquinone being
detected in BSM was reported to have
hepato-protective properties (Khader, and
Eckl, 2014), while benzyl isothiocyanate in
PSM plays suppresses allergic inflammation
and combats carcinogens (Tang, et al. 2014),
the ally isothiocyanate that was found in
MSM possesses anti-microbial and anti-
cancer activities (Zhang, 2010). The weight
gain determination is useful in assessing the
nutritional and health status of broiler
chickens (Adeyeye, et al. 2019). Similar
performance characteristics of birds at the
starter phase in this study suggest that the
feed supplements used in this study had a
similar influence on the nutritional status of
the birds (Adeyeye, et al. 2019). The
improved BWG recorded in birds fed the
PSM and BSM supplemented diets when
compared to the control and OT
supplemented diet at the grower phase (22-
42 days) support the earlier reports
(Oloruntola et al.,, 2018c; Valenzuela-
Grijalva, et al. 2017 ). Improved BWG due
to the influence of  phytogenic
supplementation was linked to their
antibacterial, digestive fluid secretion and
intestinal pH reducing activities, which may
result in reduced enteric disorder, improved
health, and better nutrients utilization
(Oloruntola, et al.,, 2018b; Valenzuela-
Grijalva, et al. 2017). The depressed body
weight gain recorded in birds fed the MSM
supplemented diet when compared to others
fed the diets supplemented with PSM and
BSM may be due to the variations in the
phyto-constituents of the phytogens and the
tolerability of the experimental birds to the
various phytochemicals and their
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Table 4. Effect of seed meals supplementation on the gut morphology of the broiler chickens at 42 days.

Diet 1 Diet 2 Diet 3 Diet 4 Diet 5

Parameters (Control) (0.11gkg? (15gkg?  (15gkg® (15gkg’ SEM  P-value
oT) PSM) MSM) BSM)

Duodenum
Villi height (um) 1176.14 1073.84 1032.45 1321.44 980.20 57.29 0.37
Apical width (um) 73.83 62.37 70.11 75.43 67.63 2.14 0.33
Crypt depth (um) 150.17% 161.22° 134.38% 133.69% 94.36° 921  0.190
Jejunum
Villi height 1178.75% 1216.74% 1305.10% 866.59" 915.45°  44.82 0.01
Apical width (um) 85.77 80.28 88.28 81.23 76.89 4.02 0.92
Crypt depth (um) 189.90° 196.87° 219.32% 120.74° 115.45° 11.88 0.01
llleum
Villi height (um) 898.00 785.25 857.47 780.62 875.73 59.88 0.96
Apical width (um) 51.51 63.89 73.03 73.71 63.82 412 0.6
Crypt depth (um) 89.64 96.74 117.81 112.38 97.24  8.43 0.84

concentrations in the phytogenic feed
supplements used in this feeding trial.
Phytogenic feed additives have a vast group
of compounds with great diversity in
chemical structure and bioavailability (Surali,
2014). In addition, the superior overall
BWG of the birds fed PSM supplemented
diet over the other groups may indicate the
better growth-promoting effects of the
phyto-constituents of pawpaw seed meal
when compared to the other phytogenic
supplements used in this study. Pawpaw
parts including seeds are a good source of an
endolytic plant cysteine protease enzyme,
which is useful for exerting various health
beneficial effects or processes such as
antioxidative, protein digestion,
antimicrobial, immune-modulatory, and
cancer-fighting activities (Kumar, and Devi,
2016). The general protective and growth-
enhancing effects of phytogenic compounds
were reported to associate with anti-
oxidative properties (Valenzuela-Grijalva, et
al. 2017; Kumar, and Devi, 2016). The
relative internal organs weight is one of the
indices for determining the effect of feed on
the animals’ health status (Oloruntola,
2018f). The relatively lower liver weights
recorded in birds fed the supplemented diets
compared to the control diet agreed with the
report of (Oloruntola et al., 2018c) and may
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4 Means within a row with different superscripts are significantly different (p < 0.05). OT: OxyTetracycline;
PSM: Pawpaw Seed Meal; MSM: Mustard Seed Meal, BSM: Black cumin Seed Meal.

indicate the anti-inflammatory properties
possessed by the feed supplements (Kumar,
and Devi, 2016). The higher pancreas
weights of the birds fed PSM and MSM
supplemented diets may be due to increased
activities and secretion of the digestive juice
in the birds (Steiner, and Syed, 2015). This
may also be related to improved BWG
observed in the experimental birds. The
level of activities has a positive correlation
with the weight of the gizzard. The low
relative weight of the gizzard recorded in
birds fed OT, PSM, and BSM in this study
compared to those fed other experimental
diets shows that feed supplements have
variable effects on gizzard weight. The
observed stability of the total aerobic
bacteria, E. coli and LAB count in the birds’
ileum and cecum on day 21 and their
stability in the ileum on day 42 are in
tandem with earlier report of (Seidavi and
Simoes, 2015) and suggest that the feed
supplements support the maintenance of the
normal microflora in the ileum and cecum.
This is commendable as the stability or the
increase  of  non-pathogenic intestinal
microbes is a contributory factor to
inhibition of the pathogenic intestinal
microbes’ growth, morbidity, and mortality
in animals (Guo, et al. 2004). In addition,
the gastrointestinal imbalance due to dietary
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alterations could cause damages to the
growth, feed utilization, and normal
physiological status of the animals; while
the stabilized and ideal microbiota supports
optimum growth performance (Steiner, and
Syed, 2015). The observed stability of E.
coli count and LAB on day 42 in the cecum
of the broiler chicken fed the control diet
and the phytogenic supplements is another
pointer to the possibility of these phytogenic
feed supplements in maintaining the
intestinal microbes at the nonpathogenic
level. Although the pathogenic E. coli
causes diverse infections in animals, many
E.coli strains are harmless commensals
(Stromberg et al., 2017). In this study, the E.
coli isolate was not classified as either
pathogenic or non-pathogenic; however, the
apparently healthy status maintained by the
experimental birds throughout the feeding
trial (42 days) may suggest that the isolated
bacteria were harmless. The metabolic
activities of Lactobacilli acidified the
digestive  milieu and inhibited the
proliferation  of  unwanted  bacteria.
Therefore, higher LAB recorded in birds fed
the OT supplemented diets in this study are
supposed to be beneficial to the birds, but
did not translate to improved performance
when compared to those birds fed the
control and the phytogenic feed
supplemented diets. This result disagreed
with (Brzoska et al., 2007) who recorded
10.3% higher final body weight in birds
having higher ileum lactic acid bacterial
population (birds fed LAB supplemented
diet) compared to those having a relatively
lower lactic acid bacterial population (the
birds fed the control diet). The influence of
phytogenic feed supplements on the
intestinal morphology of the birds was
reviewed by (Steiner, and Syed, 2015). The
villi, a repetitive formation protruding into
the intestinal lumen is considered a
specialized structure for increasing the
absorptive surface area (Sen, et al. 2012).
The relatively higher jejunum villi height
and jejunum crypt depth recorded in birds
fed the PSM supplementary diets may have
a contribution to their superior BWG
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because higher villi height and crypt depth
has an influence on the absorption of
nutrients that are needed for performance
(Sen, et al. 2012).

CONCLUSIONS

Phytogenic feed supplementation with 15
g kg™ of PSM, MSM, and BSM enhance the
BWG and supports the normal ileum and
cecum microflora of broiler chicken.

REFERENCES

1. Adegbeye, M. J., Elghandour, M. M. Y.,
Faniyi, T. O., Perez, M. R., Barbabosa-Pilego,
A., Zaragoza-Bastida, A. and Salem, A. Z. M.
2018. Antimicrobial and Antihelmintic Impact
of Black Cumin, Pawpaw and Mustard Seeds
in  Livestock Production and Health.
Agroforestry Syst.,
http://doi.org/10.1007/s10457-018-0337-0.

2. Adeleye, O. 0., Otakoy, I. O., Fafiolu, A. O,
Alabi, J. O., Egbeyale, L. T. and Idowu, O. M.
O. 2018. Serum Chemistry and Gut
Morphology of Two Strains of Broiler
Chickens to Varying Interval of Post-Hatching
Feeding. Vet. Anim. Sci., 5: 20-25.

3. Adeyeye, S. A, Ayodele, S. O., Oloruntola, O.
D. and Agbede, J. O. 2019. Processed Cocoa
Pod Husk Dietary Inclusion: Effect on the
Performance, Carcass, Haematogram,
Biochemical Indices, Antioxidant Enzyme and
Histology of the Liver and Kidney in Broiler.
Bull.  Nat. Res. Centre, 43: 54.
https://doi.org/10.1186/s42269-019-0096-8.

4. Aina, V. O., Sambo, B., Zakari, A., Hauwa
Haruna, M. S., Umar, H., Akinboboye, R. M.
and Mohammed, A. 2012. Determination of
Nutritional and Anti-Nutrient Content of Vitis
vinifera (Grapes) Grown in Bomo (Area C)
Zaria, Nigeria. Adv. J. Food Sci. Techn., 4:
445-48.

5. Alshelmani, M. I, Loh, T. C,, Foo, H. L,
Sazili, A. Q. and Lau, W. H. 2016. Effect of
Feeding Different Levels of Palm Kernel Cake
Fermented by Paenibacillus polymyxa ATCC
842 on Nutrient Digestibility, Intestinal
Morphology, and Gut Microflora in Broiler
Chickens. Anim. Feed Sci. Techn., 216: 216-
224,


http://doi.org/10.1007/s10457-018-0337-0
https://dorl.net/dor/20.1001.1.16807073.2020.22.5.14.8
https://jast.modares.ac.ir/article-23-32233-en.html

[ Downloaded from jast.modares.ac.ir on 2024-05-20 ]

[ DOR: 20.1001.1.16807073.2020.22.5.14.8 ]

Adegbeye et al.

10.

11

12.

13.

14.

15.

Alshelmani, M. I, Loh, T. C, Foo, H. L,
Sazili, A. Q. and Lau, W. H. 2017. Effect of
Feeding Different Levels of Palm Kernel Cake
Fermented by Paenibacillus polymyxa ATCC
842 on Broiler Growth Performance, Blood
Biochemistry, Carcass Characteristics, and
Meat Quality. Anim. Prod. Sci., 57: 839-848.
AOAC.1995.  Association  of  Official
Analytical Chemistry. Official Methods of
Analysis, 16™ Edition, Washington, DC.
Bednarczyk, M., Stadnicka, K., Kozlowska, 1.,
Abiuso, C., Taveniello, S., Dankowiakowska,
A., Slawinska, A and Maiorano, G. 2016.
Influence of Different Prebiotics and Mode of
Their Administration on Broiler Chicken
Performance. Animal, 10(8): 1271-79.

Bohm, B. A. and Kocipai-Abyazan, C. 1994,
Flavonoids and Condensed Tannin from
Leaves of Hawaiian Vaccinum vaticulatum
and V. calycinium. Pacific Sci., 48: 458-63.
Brzoska, F., Buluchevskij, S., Stecka, K. and
Sliwinski, B. 2007. The Effects of Lactic Acid
Bacteria and Mannan Oligosaccharide, with or
without Fumaric  Acid, on Chicken
Performance, Slaughter Yield and Digestive
Tract Microflora. J. Anim. Feed Sci., 16:242-
251.

Dibaji, S. M., Seidavi, A., Asadpour, L.,
Moreira, D. A. and Silva, F. 2014. Effect of a
Synbiotic on the Intestinal Microflora of
Chickens. J. Appl. Poult. Res., 23:1-6.
Esmailzadeh, L., Shivazad, M., Sadeghi, A. A.
and Karimitorshizi, M. 2016. Performance,
Intestinal Morphology and Microbiology of
Broiler Chickens Fed Egg Powder in the
Starter Diet. Brazil. J. Poult. Sci., 18(4): 705-
10.

Falmideh, L., Mazaraie, A. and Tavaoli, M.
2019. Total Phenol/Fllavonoid Content,
Antibacterial and DPPH Free Radical
Scavenging Activities of Medicinal Plants. J.
Agr. Sci. Tech., 21(6): 1459-1471.

Goodlad, R. A, Levi, S, Lee, C. Y., Mandir,
N., Hodgson, H. and Wright, N. A. 1991.
Morphometry and Cell Proliferation in
Endoscopic  Biopsies. Gastroenterol. Res.
Pract., 101: 1235-41.

Guo, F. C., Williams, B. A., Kwakkel, R. P,
Li, H. S, Luo, J. Y., Li, W. K. and Verstegen,
M. W. A. 2004. Effects of Mushroom and
Herb Polysaccharides as Alternatives for an
Antibiotic, on the Cecal Microbial Ecosystem
in Broiler Chickens. Poult. Sci., 83: 175-82.

1244

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

Hampson, D. J. 1986. Alteration in Piglet
Small Intestine Structure at Weaning. Resour.
Vet. Sci., 40: 32-40.

Harborne, J. B. 1973. Phytochemical Methods.
Chapman and Hall, London, PP. 11-21.

Ipcak, H. H. and Alcicek, A. 2018. Addition of
Capsicum oleoresin, Carvacrol,
Cinnamaldehyde and Their Mixtures to the
Broiler Diet Il: Effects on Meat Quality. J.
Anim. Sci. Techn., 60: 9.
http://doi.org/10.1186/s40781-018-0165-9.
Karaskova, K, Suchy, P. and Strakova, E.
2015. Current Use of Phytogenic Feed
Additives in Animal Nutrition: A Review.
Czech J. Anim. Sci., 60 (12): 521-30.

Khader, M. and Eckl, P. M. 2014.
Thymogquinone: An Emerging Natural Drug
with a Wide Range of Medical Applications.
Iran. J. Basic Med. Sci., 17(12): 950-957.
Kumar, N. S., Devi, S. 2016. The Surprising
Health Benefits of Papaya Seeds: A Review. J.
Pharmacog. Phytochem., 6(1): 424-29.
Marton, M. and Lavric, V. A. 2013. Simple
Method  for the  Quantification  of
Isothiocyanates from Mustard. U. P. B Sci.
Bull. Series B., 75(1): 63-72.

Mukhopadhyay, S. and Bhattacharyya, D. K.
1983. Colorimetric Estimation of Allyl
Isothiocyanate Content in  Mustard and
Rapeseed Oils. Fett/Lipid, 85(8): 309-11.
NRC. 1994. Nutrient Requirements of Poultry.
9" Revised Edition, National Academy Press,
Washington, DC.

Oloruntola, O. D., Agbede. J. O., Onibi, G. E.,
Igbasan, F. A., Ogunsipe, M. H. and Ayodele,
S. O. 2018a. Rabbits Fed Fermented Cassava
Starch Residue II: Enzyme Supplementation
Influence on Performance and Health Status.
Arch de Zootec., 67(260): 588-95.

Oloruntola, O. D., Ayodele, S. O. and
Oloruntola, D. A. 2018b. Effect of Pawpaw
(Carica papaya) Leaf Meal and Dietary
Enzymes on Broiler Performance,
Digestibility, Carcass, and Blood Composition.
Revue d’Elevage et de Medicine Veterinaire
des Pays Tropicaux. 71(3).
DOI:10.19182/remvt.31640.

Oloruntola, O. D., Agbede, J. O., Ayodele, S.
O. and Oloruntola, D. A. 2018c. Neem,
Pawpaw, and Bamboo Leaf Meal Dietary
Supplementation in Broiler Chickens: Effect
on Performance and Health Status. J. Food
Biochem. 43(2): e12723.
https://doi.org/10.1111/jfbc.12723.


http://doi.org/10.1186/s40781-018-0165-9
https://doi.org/10.1111/jfbc.12723
https://dorl.net/dor/20.1001.1.16807073.2020.22.5.14.8
https://jast.modares.ac.ir/article-23-32233-en.html

[ Downloaded from jast.modares.ac.ir on 2024-05-20 ]

[ DOR: 20.1001.1.16807073.2020.22.5.14.8 ]

Phytogenics in Broiler Chicken Production

28.

29.

30.

31

32.

33.

JAST

Oloruntola, O. B. D., Ayodele, S. O., Adeyeye,
S. A, Ogunsipe, M. H., Daramola, O. B. T.
and Ayedun, E. S. 2018d. Effect of Pawpaw
Leaf Meal and Multi-Enzyme
Supplementation in the Diet on Performance,
Digestibility and Oxidative Enzyme Status of
Rabbits. J. Basic Appl. Zool., 79: 26. DOI: 10.
1186/s41936-018-0039-1.

Oloruntola, O. D., Agbede, J. O., Ayodele, S.
0., Adeyeye, S. A. and Agbede, J. O. 2018e.
Performance, Haemato-Biochemical Indices
and Antioxidant Status of Growing Rabbits
Fed on Diets Supplemented with Mucuna
pruriens Leaf Meal. World Rabbit Sci.,
26:277-285.

Oloruntola, O. D. 2018f. Gliricidia Leaf Meal
in Broiler Chicken Diet: Effects on
Performance, Carcass, and Haemato-
Biochemical Parameters. J. Appl. Life Sci. Int.,
18(3): 1-9.

Seidavi, A. and Simoes, J. 2015. Evaluation of
Dietary Fish Oil plus Green Tea
Supplementation on the Gizzard, lleum and
Cecum Microflora in Broiler Chickens. Arch.
de Zootech., 64(248): 397-402.

Sen, S., Ingale, S. L., Kim, Y. W,, Kim, K. H.,
Lohakare, J. D., Kim, E. K., Kim, H. S., Ryu,
M. H., Kwon, I. K. and Chae, B. J.
2012. Effect of Supplementation of Bacillus
subtilis LS 1-2 to Broiler Diets on Growth
Performance, Nutrient Retention, Cecal
Microbiology, and Small Intestinal
Morphology. Res. Vet. Sci., 93: 264-268.
Steiner, T. and Syed, B. 2015. Phytogenic
Feed Additives in Animal Nutrition. In:
"Medicinal and Aromatic Plants of the World",
(Ed.): Mathe, A. 1, Springer, Dordrecht. doi:
10.1007/978-94-017-9810-5_20.

1245

34.

35.

36.

37.

38.

39.

40.

Stromberg, Z. R., Johnson, J. R., Fairbrother, J.
M., Kilbourne, J., Goor, A. V., Curtiss, R., and
Mellata, M. 2017. Evaluation of Escherichia
coli Isolates from Healthy Chickens to
Determine Their Potential Risk to Poultry and
Human Health. PLoS One, 12(7): e0180599.
doi: 10.1371/journal.pone.0180599

Surai, P. F. 2014. Polyphenol Compounds in
the Chicken/Animal Diet: From the Past
to the Future. J. Physiol. Anim. Nutr., 98: 19—
3L

Taleuzzaman, M., Imam, S. S. and Gilani, S. J.
2017.  Quantitative  Determination  of
Thymoquinone in Nigella sativa and Its Nano
Formulation Using Validated  Stability
Indicating HPTLC Densiometric Method. Int.
Curr. Pharm. J., 6(10): 53-60.

Tang, Y., Abe, N., Yoshimoto, M., Zhu, B.,
Murata, Y. and Namamura, Y. 2014. Benzyl
Isothiocyanate Inhibits 1L-13 Expression in
Human Basophilic KU812 Cells. Biosci.
Biotechnol. Biochem., 79: 159-63.
Valenzuela-Grijalva, N. V., Pinelli-Saavedra,
A, Muhlia-Almazan, A., DominguezDiaz, D.
and Gonzalez-Rios, H. 2017. Dietary Inclusion
Effects of Phytochemicals as Growth
Promoters in Animal Production. J. Anim. Sci.
Tech., 59: 8. https://doi.org/10.1186/s40781-
017-0133-9.

Xu, L. and Diosady, L. L. 1997. Rapid Method
for Total Phenolic Acid Determination in
Rapeseed/Canola Meals. Food Res. Int., 30(8):
571-74.

Zhang, Y. 2010. Allyl Isothiocyanate as a
Cancer Chemopreventive Phytochemical. Mol.
Nutr. Food Res., 54(1): 127.
http://doi.org/10.1002/mnfr.200900323.


https://dx.doi.org/10.1371%2Fjournal.pone.0180599
http://doi.org/10.1002/mnfr.200900323
https://dorl.net/dor/20.1001.1.16807073.2020.22.5.14.8
https://jast.modares.ac.ir/article-23-32233-en.html

[ Downloaded from jast.modares.ac.ir on 2024-05-20 ]

[ DOR: 20.1001.1.16807073.2020.22.5.14.8 ]

915989 ;ao  Slos (593 JS 5 9 oluw 0993 bbb Gady 210E G Joo 5T
S S 48> 0895 9 ovxe (S3eI9d 90

K| o9 ‘eb‘LuggT T ;eélg};"— o~ ‘Q@UT NEIgN | ;Y}ﬁj)}" S Mﬁ?bT Nl
de,;j

o>

3 L4

s BSMPSM 5 4) s 5 5ol o5 bl 650 (2ME sls JoSa il a3, a5

oy 534 oLl GLST (Sla am g 035 g edas (S5 sy 5m 5 1y o5 e ¢ 5 Shas (55, (MSM
Az L (Diet 1)y o L ol a0 4 5 A 033 5 T (SlajB sl A dpe 5wl
o3l @KYp S AS 2 p 5 Y Jols LoSe DIBL2) Y a5 55 e oo 5k i
0) & Cwd 5 «(Diet £)F (Diet 3 cas .ol (OXYtetracycline) (JSKl s .S
¢ oS > ¥ 55 BSMy MSMPSM cls LS Vo g/Kg sl 1> s 5 4 (Diet
AP s QSS A g am e V) o, O ol ys dsla b 4 Arbor Acres .y,
STER AT STTIST NP PO S VP P S A s B3l SalST (LT b s Ol
T (1 ol o 05 5 casY 0550 Aoy ju do g dw 1SS 8 S1CFY a5 53 dd s
3o, & LS o 4 BWG) 00 055 S2l53 (IS 55b 4 5 Ay 0,55 53 358 o
s b olS s 4 I (gylsline 45k 4 Iy (P>0.05) Wy Diet ¥ 4 uzsls 1, Diet
o (P<0.05) (g lstine 5 sb 4 010K 5 codmallj sl ¢ Sor o Ojs s gy i o3 slajles
oS A5 sle S oot DIRt 2 5l la s 55 FY S5, 55 .08 8 15 jles 30
Crypt Ges 5 Villi ks cjejunum ) ¢ 535 55 .(P<0.05) csls (¢ i pslie &KSY
0/Kg 035530 ¢ opl » L (P<0.05) 55 zz.Diet ¥ 5 Diet 2 Diet ) o> slyls slajlas s
b a0l O O35 SRl Bl Sl ol Gla 4 g o > 4 MSMg BSM PSM LG e

R

1246

Adegbeye et al.


https://dorl.net/dor/20.1001.1.16807073.2020.22.5.14.8
https://jast.modares.ac.ir/article-23-32233-en.html
http://www.tcpdf.org

