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ABSTRACT

Plantain (PL, Plantago lanceolata L.), a natural herb, benefits broiler performance when produced
under research farming conditions. The study aimed to investigate the feasibility of PL
supplementation on broiler production at the farmer level. A total of 4000 day-old broiler chicks
(Cobb-500) were assigned randomly to four experimental groups with four replications each (250
chicks/replication). A commercial (C) ration having CP=23.1% and ME=3097 Kcal/kg and a
formulated (F) ration (iso-nitrogenous and iso-energetic to C) were used as basal ration. The
experimental groups were (i) C0: commercial ration without PL; ii) C10: commercial ration + 10g
DM from fresh PL/kg ration; (iii) FO: formulated ration without PL; and (iv) F10: formulated
ration + 10 g DM from fresh PL/kg ration. The sources of ration and PL supplementation
independently had a significant effect on growth performance and the highest (p<0.05) growth
performance was exhibited by the C10 group. Improved serum lipid profile and meat quality were
found in the F10 group among the experimental groups. Besides, the improved drumstick and liver
percentages were found only for ration variation, whereas PL supplementation alone improved
thymus and heart percentages (p<0.05). The highest profit per bird was found in the C10 and F10
groups, twofold higher than the C0O and FO groups. This study concluded that PL supplementation
could increase broiler productivity and profitability by adjusting farmer-level ration variation.
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L. Introduction

The broiler industry is rapidly expanding throughout the globe because the meat is high in quality
protein, vitamins and minerals, as well as its affordable price (Baéza et al, 2022). Antibiotics,
antibiotic growth promoters, growth hormones and medicines were used inappropriately in the
broiler industry to improve production efficiency (Chowdhury et al., 2015). However, some growth

promoters are transferred to broiler meat and eventually humans, which causes antimicrobial
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resistance (AMR) in humans and also has a negative impact on the environment (Hoque et al., 2020).
The prohibition of using antibiotics as growth promoters has prompted research into phytogenic feed
additives, which are plant-derived compounds (Selaledi et al., 2020). These additives are safe, less
hazardous and cost-effective in broiler production than synthetic growth promoters (Qureshi et al,
2016). The bioactive components of these additives have growth-promoting, immune-regulatory, anti-
microbial, digestibility-improving and antioxidant properties in poultry (Murugesan et al.,, 2015; Liu et
al,, 2018).

Plantain (PL, Plantago lanceolata L.) is a potential herb used as a feed additive in ruminants and non-
ruminants (Camy et al., 2019; Redoy et al, 2021; Rahman et al., 2021). It is a rich source of plant
primary and secondary metabolites (PSM), of which acteoside, catalpol and aucubin are most
abundant (Al-Mamun et al, 2017; Bahadoria et al.,, 2020; Redoy et al,, 2021). These PSM have
superoxide anion radical scavenging activities, which result in better animal efficiency and greater
meat quality by positively influencing blood metabolites (Al-Mamun et al., 2008b; Al-Mamun et al,,
2009; Camy et al., 2019; Redoy et al., 2021). Besides, PSM of PL has anti-microbial, anti-oxidative, anti-
inflammatory and anti-parasitic effects in animals (Ferrazzano et al., 2015; Pefia-Espinoza et al.,, 2018;
Hammami et al., 2020; Reza et al.,, 2021). Moreover, PL supplementation in broiler reduced abdominal
fat and provided better flavor, juiciness, tenderness and overall acceptability of meat (Chacrabati et al.,
2013; Camy etal., 2019).

The response of PL in broiler performance is highly dependent on the rate of inclusion and the
optimum growth performance was found by using 80 g of fresh plantain in laboratory farming
conditions (Redoy et al, 2021). To the best of our knowledge, the effect of PL supplementation on
broiler performance and profitability at the farmer level has not yet been assessed. Thus, an out-
station broiler feeding trial using PL supplementation was conducted in Manikganj, Bangladesh, to
assess broiler production efficiency regarding cost-effectiveness at the farmer level.

II. Materials and Methodology

Experimental birds, ration and management

Handling, blood collection and rearing procedure of broilers were approved by the Animal Welfare
and Experimentation Ethics Committee, Bangladesh Agricultural University (AWEEC/BAU/2020(46)).
Four thousand (4000) unsexed day-old broiler chicks (Cobb-500; initial body weight: 45.3+0.6 g) were
randomly allocated to four experimental groups, each with four replications and 250 chicks per
replication. This experiment was conducted using a completely randomized design for 28 days. The
chicks were collected from a local hatchery and reared in an open-sided poultry shed in Manikganj,
Dhaka. A commercial ration (C) was purchased from a local market having CP=23.12% and ME=3097
Kcal/kg. Another ration (F), which was iso-nitrogenous and iso-energetic to the former one, was
formulated and prepared at the experiment site. The experimental groups were (i) CO: commercial
ration without plantain (Plantago lanceolata L.) supplementation; (ii) C10: commercial ration + 10g
DM from fresh plantain/kg ration; (iii) FO: formulated ration without plantain supplementation; and
(iv) F10: formulated ration + 10 g DM from fresh plantain/kg ration. The ingredients and chemical
composition of rations are presented in Table 01.

The Lancelot plantain (PL, Plantago lanceolata L) was grown near the experimental site, harvested at
the pre-blooming stage, and chopped into approximately 0.5-1.5 cm for supplementation. From the 5t
day, the birds were offered fresh PL as a supplement with a commercial and formulated ration. The
fresh PL contained 12.51% dry matter and other chemical constitutes were crude protein-15.64%,
crude fibre-14.07%, ether extract-3.12%, ash-14.07%, calcium-1.81%, phosphorus-0.41% and
metabolizable energy-2018 kcal/kg of dry matter.

The experimental birds were reared in an open-sided house on a floor littered with 1.5-2.0 inch
sawdust. The total floor area was divided into sixteen equal pens separated by a wired net. Each bird
was allotted a total of 1.08 ft2 of floor space. For the first week, the brooding temperature was
maintained at 34°C, then decreased by 3°C per week until it reached 21°C. Feed was given at 0800 and
1600 h during the experiment. Ad libitum access to fresh and clean water was given to the
experimental birds. Drinkers were cleaned twice daily, while feeders were cleaned weekly. The

lighting schedule was followed by Cobb-500 commercial broiler management guidelines. Vaccines
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against new castle disease and infectious bursal disease were administered to the experimental birds
on days 5 and 12. Strict biosecurity precautions were followed during the experiment.

Table 01. Ingredients and nutritional composition of experimental rations

Ingredients in formulated ration Amounts (%)

Corn 55.30

Soybean meal 30.79

Protein concentrate 5.30

Rice polish 4.00

Rice bran oil 2.50

Limestone dust 0.44

Sodium chloride 0.22

Sodium bicarbonate 0.20

DL- methionine 99% 0.53

L-lysine 79% 0.42

Threonine 98.5% 0.22

Choline chloride 60% 0.20
Vitamin-mineral premix?! 0.08

Chemical composition (g/100gm DM) Commercial ration (C) Formulated ration (F)
Dry matter 88.72 88.84
Crude protein 23.12 23.21
Crude fibre 3.78 3.92
Ether extract 3.93 3.96
Ash 8.52 8.66
Calcium 0.87 0.88
Available phosphorus 0.54 0.54
ME (Kcal/kg)? 3097 3109

1Each kg vitamin mineral premix contained=Vitamin A, 13.500 LU; Vitamin D3, 1.500 IL.U; a-DL-
Tocopherolacetate, 50 mg; Menadion, 2 mg; Thiamine, 3 mg; Riboflavin, 5 mg; Pyridoxin, 4 mg; Cobalamine,
15pg; Folsaure, 200 pg; Nicotenic acid, 60 pg; Ca-pantothenate, 30mg; Cholin, 750 mg; Ascorbic acid, 150 mg. 2
Calculated value

Record keeping, sample collection and analysis

The body weight (BW) and feed intake (FI) of the birds were recorded weekly for each pen. The body
weight gain (BWG) of each pen was calculated by subtracting the initial weight from the final weight.
After adjusting the mortality, feed conversion ratio (FCR) was calculated by dividing the feed intake by
the BWG. Every day, the mortality of the birds in each pen was registered. Furthermore, production
efficiency factor (PEF) was calculated by using the formula (Marcu et al., 2013)

PEF = [live weight (kg) x survivability (%)]/ [age at depletion (d) xFCR] x 100

On day 28, randomly forty birds from each treatment (ten birds from each replication) were sacrificed
to collect blood, meat sample and carcass evaluation. Using a centrifuge machine (Hermle Z 306,
Germany), the blood sample was centrifuged at 3421xg RCF for 15 min for serum separation and then
stored at -20°C until analysis. The carcass evisceration was performed according to Ziotecki and
Doruchowskin (1989).

The proximate composition of commercial and formulated feed samples was analysed according to
AOAC (2005). The feed, meat and blood samples were analysed in triplicate. The breast muscle was
used for the determination of proximate components in accordance with AOAC (2005). The serum was
analysed for determination of triglycerides (TG), total cholesterol (TC), high-density lipoprotein (HDL)
using different enzymatic kits from HUMAN company (USA) in a chemistry analyser (Urit-810,
Germany) according to the manufacturer’s instructions.

The sensory evaluation of meat quality was carried out using the scaling method described by
Barylko-Pikielna and Matuszewska (2009). The meat's aroma, flavour, juiciness, brittleness, and
general appearance were assessed on a five-point scale (1 point being the lowest score and 5 points
being the highest). The thermally treated samples were cooled to 20+2°C and placed in plastic
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containers for sensory evaluation. The samples were randomly assessed by a 5-members assessment
team with proven sensory sensitivity trained according to ISO standards. The cooled meat samples
were assessed in triplicate.

Statistical analysis

The raw data was structured using the Microsoft Excel program and then analysed using IBM SPSS
(Version 23.0, IBM Crop., USA). All parameters were subjected to two-way analysis of variance
(ANOVA), where the type of ration and doses of PL were considered fixed factors. Duncan multiple
range test (DMRT) was conducted to find the difference among the experimental groups, and the
differences at p <0.001 and p <0.05 were considered statistically significant.

The model used in this experiment was- Yijx= p + ai + Bj + (af)ij + €ijx

Where Yijx was the overall response of broiler; p was the overall mean; a; was the effect of ration
(commercial and formulated rations); Bj was the effect of PL supplementation; (af3);; was the
interaction effect of ration and PL supplementation; €;;i was the error.

III. Results

Production performance

Broiler production performances fed commercial and formulated feed with or without fresh PL
supplementation are shown in Table 02. Both ration and PL supplementation significantly affected
growth performance except for survivability, which was only influenced (p<0.05) by supplementation.
Among the experimental groups, the highest growth performance (p<0.05) was exhibited by the C10
group.

Table 02. Influence of two sources of ration and plantain (PL; Plantago lanceolata L.)
supplementation on growth performance of commercial broiler! at farmer level

PL
R . . 3 "
Variables Ration supplementgtlon Experimental groups SEM P value
(g DM /kg ration)
C F 0 10 Co C10 FO F10 R P RxP

Final BW (g) 1612 1556 1559 1609 1603b 16222 1516¢ 1597b 12.48 <0.001 <0.001 0.001
BW gain (g) 1568 1511 1514 1564 1557 15772 1470c 1552b 12.55 <0.001 <0.001 <0.001

FI (g) 2570 2536 2553 2554 2588 25520 2517¢ 2555b 8.240 0.002 0.904 0.001
FCR

b d a c
(FUBwg 164 168 169 163 166" 1620 171+ 164c 0.010 <0001 <0.0010.014
?%r)"“’ab‘hty 95 945 93 965  94.0% 9602 92.0b 97.0° 0719 0.631 0.008 0.172

PEF (%) 324.3 304.3 298.3 330.2 314.6 334.12 282.1¢ 326.52 6.162 <0.001 <0.001 0.007
BW=body weight; Fl=feed intake; BWG=body weight gain; FCR=feed conversion ratio; PEF=production efficiency
factor

1COBB 500 commercial broiler; n=4000; Initial body weight= 45.3+0.6 g;

ZRation- (C) Commercial: CP=23.12% and ME=3097 Kcal/kg; (F) Formulated: CP=23.21% and ME=3109
Kcal/kg;

3C0= Commercial ration without plantain (Plantago lanceolata L.) supplementation; C10=Commercial ration +
10g DM from fresh plantain/kg ration; FO= Formulated ration without plantain supplementation; and F10=
Formulated ration + 10 g DM from fresh plantain /kg ration;

4R=Ration effect; P=Plantain supplementation effect; RxP=Interaction effect of ration and plantain
supplementation;

abc mean values with dissimilar superscripts differ significantly (p<0.05).

Serum lipid profile

As stated in Table 03, feeding PL to broilers with commercial and formulated feed has positively
influenced serum TC and HDL-C concentration (p<0.05). However, the TG concentration was only
influenced (p<0.05) by ration rather than PL supplementation and/or their interaction. Overall, the
F10 group had an improved serum lipid profile compared to other experimental groups.
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Table 03. Influence of two sources of ration and plantain (PL; Plantago lanceolata L.)
supplementation on serum lipid profile of commercial broiler! at farmer level

PL
S . . . n
Variables Ration supplementgtlon Experimental groups SsEM P value
(g DM /kg ration)
C F 0 10 Cco C10 FO F10 R P RxP

TG (mg/dl) 59.91 54.77 58.19 56.48 61.272 58.542> 5511> 54.43b (0.995 0.004 0.222 0.449
TC (mg/dl) 85.39 81.79 84.53 82.65 86.452 84.332b 82.60*c 80.98< 0.690 0.001 0.037 0.746

I(—In?;/gl) 49.07 51.93 4895 52.05 47.34> 50.792 50.562 53.302 0.752 0.016 0.011 0.714
%I]I)lg}((:ﬂ) 21.25 19.01 21.43 18.82 2285 19.65 20.01 1799 0.842 0.182 0.128 0.711

TG= triglycerides; TC= total cholesterol; HDL-C=high density lipoprotein cholesterol; LDL-C=low density
lipoprotein cholesterol

1COBB 500 commercial broiler; n=4000; Initial body weight= 45.3+0.6 g;

ZRation- (C) Commercial: CP=23.12% and ME=3097 Kcal/kg; (F) Formulated: CP=23.21% and ME=3109
Kcal/kg;

3C0: Commercial ration without plantain (Plantago lanceolata L.) supplementation; C10: Commercial ration +
10g DM from fresh plantain/kg ration; FO: Formulated ration without plantain supplementation; and F10:
Formulated ration + 10 g DM from fresh plantain /kg ration;

4R: Ration effect; P: Plantain supplementation effect; RxP: Interaction effect of ration and plantain
supplementation;

abc, mean values with dissimilar superscripts differ significantly (p <0.05).

Carcass composition

Both the sources of ration and supplementation had a similar response in carcass composition except
for some variables (Table 04). The improved drumstick and liver percentages were found only for
ration variation, whereas supplementation alone improved thymus and heart percentages (p<0.05).
Among the experimental groups, the F10 group had a 2-7% higher dressing percentage and a 9-17%
lower abdominal fat percentage.

Table 04. Influence of two sources of ration and plantain (PL; Plantago lanceolata L.)
supplementation on carcass characteristics of commercial broiler! at farmer level

PL
Variables Ration? supplementgtion Experimental groups3 SEM p value*

(g DM /kg ration)

C F 0 10 Co Ci10 Fo F10 R P RxP

Dressing P. b a b A
(%) 6098 6192 59.89 63.02 59.45» 62.532 60.33> 63.502 0.527 0.049 <0.001 0.916
Breast (%) 18.58 17.12 17.44 18.26 18.36P 18.802 16.52¢ 17.71¢< 0.264 <0.001 <0.001 0.019
Thigh (%) 831 7.85 8.04 8.12 8.272 8.332 7.80¢ 7.90» 0.070 <0.001 0.046 0.649
]()Oz‘;rnSt‘Ck 429 419 422 427 4302 4292 413> 4312 0026 0.037 0219 0.134
Shank (%) 4.63 4.76 4.65 4.75 452 475 477 474 0.041 0.089 0.166 0.082
Bursa (%) 0.20 0.23 0.19 0.23 0.19¢ 0.22> 0.21» 0.24= 0.006 0.003 <0.001 0.760
Thymus (%) 0.25 0.25 0.23 0.27 0.23> 0.262 0.23> 0.272 0.005 0.545 <0.001 0.242
Liver (%) 330 3.64 3.50 3.44 3.22¢ 339> 3.61= 3.67@ 0.056 <0.001 0.194 0.025
Heart (%) 0.62 0.62 0.61 0.64 0.61 0.64 061 063 0.006 0.631 0.034 0.757
Kidney (%) 0.22 0.20 0.21 0.21 022 022 019 020 0.005 0.015 0.464 0.282
Abd. fat (%) 1.34 1.20 1.29 1.24 1.352 1332 1.25¢ 1.15¢ 0.024 <0.001 0.001 0.006

Dressing P=dressing percentage; Abd. Fat=abdominal fat

1COBB 500 commercial broiler; n=4000; Initial body weight= 45.3+0.6 g;

ZRation- (C) Commercial: CP=23.12% and ME=3097 Kcal/kg; (F) Formulated: CP=23.21% and ME=3109
Kcal/kg;

3C0= Commercial ration without plantain (Plantago lanceolata L.) supplementation; C10=Commercial ration +
10g DM from fresh plantain/kg ration; FO= Formulated ration without plantain supplementation; and F10=
Formulated ration + 10 g DM from fresh plantain /kg ration;

4R= Ration effect; P= Plantain supplementation effect; RxP= Interaction effect of ration and plantain
supplementation;

abc mean values with dissimilar superscripts differ significantly (p <0.05)
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Meat quality

Based on the result presented in Table 05, the meat proximate components, except for crude protein
and ether extract, were not influenced by either ration, supplementation, or their combined
interaction. However, the crude protein content of broiler meat was improved by PL supplementation,
whereas both the ration and supplementation significantly changed the ether extract among the
experimental groups. The result linked to sensory evaluation of broiler meat is represented in Figure
01. Incorporation of PL had a strong influence (p<0.05) on meat sensory quality and the F10 group
showed the highest result of general appearance, aroma, flavour, juiciness and brittleness.

Table 05. Influence of two sources of ration and plantain (PL; Plantago lanceolata L.)
supplementation on meat composition of commercial broiler! at farmer level

PL
- . . . .
Variables Ration supplementgtlon Experimental groups SEM p value
(g DM /kg ration)

C F 0 10 co C10 FO  F10 R P RxP
]()Ogmatter 2648 2613 2597 2664 25.64 27.32 2630 2596 0.389 0.671 0.424 0.239
Lcie 2232 2259 21.64 2327  21.90% 23.37a 21.38> 23.262 0.315 0.568 0.006 0.582
protein (%)
Ether

1.65 1.43 1.68 1.39 1.87a  1.42b 1.49> 136 0.066 0.010 0.002 0.042
extract (%)

Ash (%) 1.21 113 1.18 1.15 1.20 1.21 116 1.09 0.021 0.067 0.450 0.320
NFE (%) 73.97 74.11 73.82 74.26 73.84 7410 73.80 74.41 0.224 0.792 0.406 0.733
NFE=nitrogen free extract
1COBB 500 commercial broiler; n=4000; Initial body weight= 45.3+0.6 g
ZRation- (C) Commercial: CP=23.12% and ME=3097 Kcal/kg; (F) Formulated: CP=23.21% and ME=3109
Kcal/kg
3 C0= Commercial ration without plantain (Plantago lanceolata L.) supplementation; C10= Commercial ration +
10g DM from fresh plantain/kg ration; FO= Formulated ration without plantain supplementation; and F10=
Formulated ration + 10 g DM from fresh plantain /kg ration
4+R=Ration effect; P=Plantain supplementation effect; RxP= Interaction effect of ration and plantain
supplementation
abc mean values with dissimilar superscripts differ significantly (p<0.05).

Aroma
5.00

G X;
Jem?l al Flavor
appearance
—@- Group C0
4— Group C10
Group FO
—&— Group F10
Brittleness Tuiciness

Figure 01. Influence of two sources of ration and plantain (PL; Plantago lanceolata L.)
supplementation on sensory properties of commercial broiler meat

2 C0= Commercial ration without plantain (Plantago lanceolata L.) supplementation; C10= Commercial ration +
10g DM from fresh plantain/kg ration; FO= Formulated ration without plantain supplementation; and F10=
Formulated ration + 10 g DM from fresh plantain /kg ration
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Profitability Analysis

The data relating to the profitability of broiler production are stated in Table 06. The cost of
commercial feed per kg was BDT 44.0, which was higher than the cost of formulated feed (BDT 41.8).
The highest benefit (BDT/bird) was found in the C10 and F10 groups, two times higher than in the CO
and FO groups. Consequently, the C10 and F10 groups had higher profitability than other groups.

Table 06. Influence of two sources of ration and plantain (PL; Plantago lanceolata L.)
supplementation on profitability of commercial broiler! production at farmer level
Experimental groups?

Variables Co c10 Fo F10 SEM p value
(i) Total feed cost (BDT/bird) 113.89a  112.29> 110.75¢ 112.43> 0.362 0.001
(ii) Medication cost (BDT/bird) 6.092 3.71b 0.54¢ 0.54¢ 0.719 <0.001
(iii) Feed additive cost (BDT/bird) 0.00b 2.21a 0.00v 2.21a 0.333 <0.001
(iv) Chick cost (BDT/bird) 35.00 35.00 35.00 35.00 0.000 1.000
(A) Total prod. cost (BDT/bird) 154982 153.21> 146.29¢ 150.18 2.092 <0.001
(i +1ii +iii + iv)

(B) Meat price (BDT/bird) 166.75> 177.492  160.04c 177.462 2343  <0.001
(C) Benefit (BDT/bird) (B-A) 11.77° 24282 1375 27282 2116 <0.001
Profitability (%) (C/A) 7.59b 15.852 9.39b 18.162 1.403 <0.001

BDT=Bangladeshi Taka which is equal to 0.012 United States Dollar (USD)

1COBB 500 commercial broiler; n=4000; Initial body weight= 45.3+0.6 g

2 CO0= Commercial ration without plantain (Plantago lanceolata L.) supplementation; C10= Commercial ration +
10g DM from fresh plantain/kg ration; FO= Formulated ration without plantain supplementation; and F10=
Formulated ration + 10 g DM from fresh plantain /kg ration

abc mean values with dissimilar superscripts differ significantly (p <0.05).

IV. Discussion

Production Performance

Present research revealed that the production performance of broiler-fed commercial ration
outweighed the formulated ration though both the rations were iso-nitrogenous and iso-energetic
(Table 01). Generally, commercial rations are fortified with a variety of non-nutritive feed additives in
order to maximize broiler growth efficiency (Chowdhury et al, 2015), which may explain why
commercial ration fed broilers performed better in this experiment. However, the PL supplementation
had a significant influence on broiler’s growth both in commercial and formulated rations, which
revealed that PL had an independent effect beyond the nature of ration. This result was justified by the
finding of Camy et al. (2019), who illustrated PL extract had a significant effect on weight gain in the
commercial broiler. The bioactive components of PL, particularly acteoside, act as a powerful
antioxidant, which may help to reduce oxidative stress in broilers, thereby promoting growth (De
Marco et al, 2015). Chacrabati et al. (2013) reported that PL was comparable with synthetic
antioxidants, which might improve serum antioxidants' levels in the broiler, resulting in better growth.
Additionally, PL has a higher free radical scavenging activity, which reduces free radicals, resulting in
less oxidation and increased whole-body protein synthesis in animals, supporting the current research
(Al-Mamun et al.,, 2007; Al-Mamun et al., 2008b).

Serum Lipid Profile

PL supplementation did not affect (p<0.05) TG concentration under the present experiment condition,
which was in line with the findings of Mazhari et al. (2016) and Camy et al. (2019). Moreover, the
earlier literature revealed that dietary PL supplementation did not affect TC levels, which contradicts
our findings of lower TC levels in the C10 and F10 groups (Mazhari et al. 2016; Camy et al. 2019).
However, some researchers found reduced TG levels in broiler fed pomegranate pulp and garlic
powder (Karim et al, 2017; Hosseini-Vashan & Raei-Moghadam, 2019). In addition, the increased
HDL-C concentration in PL supplemented groups was supported by Redoy et al. (2021). PL can
increase lipoprotein lipase activity in the broiler, which facilitates the breakdown of triglycerides into
fatty acids and glycerol, resulting in a lower triglyceride concentration (Adiputro et al., 2013), but we
were unable to replicate this impact. Besides, the essential oil extracted from PL effectively induced
hypocholesterolemic effects in mice by inhibiting the enzyme HMG-CoA reductase, which is involved in
cholesterol biosynthesis, and this finding is consistent with the current research (Najafian et al., 2018).
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Furthermore, broilers supplemented with PL increased serum antioxidant levels, explaining how
serum HDL-C levels increased in C10 and F10 groups.

Carcass Composition

The PL supplemented groups had higher breast and thigh meat percentages, consistent with Mazhari
etal. (2016) and Camy et al. (2019). The percentage of immune organs (bursa and thymus) was higher
in PL supplemented groups, which was supported by Kim et al. (2013) and Lee et al. (2017). Moreover,
Narimani-Rad et al. (2011) and Kusmayadi et al. (2019) demonstrated that combining herbs or a
single herb decreased abdominal fat content in broilers, which aligns with the current study. Besides,
PL increases whole-body protein synthesis by limiting nitrogen losses (Al-Mamun et al., 2008b), which
might lead to a rise in breast and thigh meat percentages in the PL supplemented groups. Besides, the
iridoid glycosides, commonly aucubin and catalpol in PL, induced hypocholesterolemic effects in mice
(Chung et al., 2008), which might lead to lower abdominal fat in PL supplemented groups.

Meat Quality

Response of PL in broiler meat composition yielded inconsistent findings. Camy et al. (2019) reported
that PL extract had no influence on protein content in broiler meat, whereas positive response was
highlighted by Redoy et al. (2021). However, both researchers found that meat extract content was
significantly reduced by PL supplementation, which supports our results. The main reasons for
increased CP in breast muscle might be due to (i) a reduction in pathogenic bacteria and an increase in
the height of villi of the gut wall, resulting in more effective nutrient absorption (Shokryazdan et al.,
2017) and (ii) an increase in nitrogen retention and a decrease in nitrogen excretion, allowing for the
deposit of more protein in the body (Lin et al, 2013). In addition, PL can reduce the pathogenic
microbiome and competition for nutrients between host and bacteria, thus facilitating better nutrient
turnover in animals (Al-Mamun et al., 2008b; Lin et al.,, 2013; Hammami et al., 2020). Besides, the
lower serum cholesterol levels in PL supplemented groups (Table 03) might be responsible for getting
lower ether extract in broiler meat in respected group (Najafian et al., 2018).

Toghyani et al. (2011) reported that adding garlic and cinnamon to broiler diets did not affect meat
olfactory parameters. However, PL supplementation in drinking water improved the aroma, flavor,
juiciness, tenderness, and overall acceptability of broiler meat, confirmed by Camy et al. (2019),
consistent with the current research. The primary explanation for the improvement in meat quality in
PL fed broilers might be due to antioxidant action of this herb (Al-Mamun et al., 2008a). The presence
of phenolic components, especially acteosides, in PL contributes to the broiler's antioxidant status,
which may help prevent lipid auto-oxidation and reduce the concentration of free radicals, thereby
improving the meat's quality (Al-Mamun et al.,, 2007; Redoy et al., 2021).

Profitability Analysis

In this experiment, the higher profitability of PL supplemented groups was in accordance with the
findings of El-Faham et al. (2014) and Puvaca et al. (2016). Regardless of the housing system (open-
sided vs. controlled), feed type (mash vs. pellet), or management system (automation vs. manual), the
use of herbs in commercial broiler diets led to increased profitability in the majority of studies (Abdel-
Latif et al., 2002; Moustafa, 2006; Abaza et al., 2008; Issa & Abo Omar, 2012; Abo Omar et al., 2016).
Some reasons might be responsible for getting better profitability in PL supplemented groups in this
study, including- (i) higher body weight gain, (ii) lower production cost, (iii) greater dressing
percentage and (iv) better price of value-added safe meat. Increased body weight gain was observed in
PL supplemented groups compared to respective controls, which resulted in a higher return on broiler
production. Besides, the total production cost was the lowest in the FO group and then in the F10, C10
and CO groups, respectively. Moreover, PL supplementation significantly increased the dressing
percentage, which positively triggered the profitability of respected groups. Furthermore, PL improves
the fatty acid profile and meat antioxidant level in commercial broilers, producing functional meat
(Redoy et al, 2021). Since the price of value-added functional and conventional meats in the
experimental site was comparable, this aspect had no effect on profitability. Developing a value-added
broiler chain may assist in obtaining a higher price for safe and value-added broiler meat, thus
increasing the economic efficiency of broiler production using PL herb, which we recommend here.
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V. Conclusion

Overall, the data indicated that PL supplementation enhanced broiler production performance at
farmer level, including weight gain, feed conversion ratio, and production quality, regardless of ration
difference. The dressed yield, abdominal fat content and meat quality were more influenced by ration
variation, even though PL supplementation had a significant independent effect. Most importantly, PL
supplementation resulted in a twofold increase in profit for both the ration groups compared to their
respective un-supplemented groups. Thus, PL could be supplemented to facilitate cost-effective broiler
production adjusting farmer-level ration variation. Different forms of PL, such as sun-dried, oven-
dried or shade-dried, may be added to broiler rations to assess growth performance and determine
the best form of plantain to use as a sustainable supplement in commercial feed formulation.
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