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storage (0, 7 and 21days) at -21°C. A total of 120 day-old Cobb 500 broiler chicks were assigned to four
treatments and designated as Diet 1 (no supplementation), Diet 2 (0.02% Vit C), Diet 3 (0.25% FWLM) and
Diet 4 (0.25% MTLM). The results revealed that FWLM contained higher antioxidant contents (p < 0.05) than

MTLM. The extract of FWLM exhibited higher free radical scavenging activity than MTLM extract (p < 0.05).
Supplementation of FWLM and MTLM significantly (p < 0.05) lowered the cholesterol content of chicken
breast muscle compared to control group. No significant effect (p <0.05) of FWLM and MTLM on meat lipid
oxidation was observed throughout the storage period (0, 7 and 21d). At day 21 birds fed diet supplemented
with FWLM (Diet 2) had the lowest meat protein oxidation (p < 0.05) compared to other treatments. This
study showed that FWLM and MTLM could be used as feed supplements to improve quality of broiler meat.
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1. INTRODUCTION

The poultry meat industry has advanced tremendously over the last 30
years with an annual growth rate of over 5% when compared to the beef,
mutton and pork industries, which grew at 1.6, 1.7 and 3.1%, respectively
(Alexandratos and Bruinsma, 2012; Fathima et al., 2022). With this it has
been forecast that by 2029, poultry will be the fastest-growing meat
producer in world with production increase of 16% (OECD/FAO, 2020;
Cabrol et al,, 2022). This substantial increase may be attributed to its fast
production cycle, high prolificacy, high feed conversion ratio and
simplicity of production which can be easily replicated in almost every
inhabited region of the world (Cabrol et al, 2022). In addition, poultry
meats are mostly preferred by consumers because they are easily
affordable, healthy and ease to prepare without any religious or ethical
constraints to its consumption when compared to other meat types
(Cabrol et al.,, 2022). More so, the discovery and application of antibiotic
growth promoters as feed additives in conjunction with strict biosecurity
and hygiene measures has helped in the expansion of poultry meat
production across the globe. Traditionally, antibiotic growth promoters
are used to improve health/welfare and enhance growth performance of
poultry by increasing feed conversion ratio, growth rate and disease
prevention (Mehdi etal,, 2018; Abdelli etal., 2021). However, evidence has
shown that the continuous usage of these compounds in poultry nutrition
in recent times can lead to antibiotic resistance to pathogenic bacteria and
the deposition of antimicrobial residues in meat products, which are
detrimental to consumer health (Mehdi et al., 2018; Lipinski et al., 2019).
This has resulted in the ban or removal of antibiotic growth promoters as
feed additives and as well caused a tremendous growth in research
focusing on use of natural substances such as phytogenic feed additives
(Abdelli et al., 2021).

Phytogenic feed additives are plant-derived products, such as herbs,
spices and their extracts that possess growth-promoting potential, huge
nutraceuticals and antioxidant capacity, and high immune-modulatory
properties (Van der Aar et al,, 2017; Abdelli et al., 2021). The potential of
these phytogenic feed additives has been attributed to the concentration
of inherent bioactive and phytochemical substances (flavonoids, tannins,
carotenoids, phenol, saponin, terpenes etc), protein content (amino acids),
minerals and vitamins (E, C, and A) (Abdelli et al,, 2021; Falowo et al,
2022). Many studies have reported the dietary application of different
phytogenic feed additives such as Syzygium aromaticum leaf meal,
Myristica fragrans seed meal, moringa leaf meal, garlic rhizome meal,
Ocimum gratissimum leaf meal, Irvingia gabonensis seed meal could reduce
the rate of fat deposition, lower cholesterol content and limit the extent of
lipid oxidation production in muscle of broiler chicken (Adu et al,, 2020;
Gbore et al,, 2021; Oloruntola et al.,, 2022; Adeyeye et al.,, 2021; Falowo,
2022).

High production of lipid oxidation can cause meat quality deterioration
that could negatively affect nutritional content and lower market value
during processing and storage (Falowo et al., 2014). Other study has also
shown that lipid oxidation can increase the formation of toxic compounds
which are detrimental to human health (Addis and Park, 1989; Falowo,
2014). Excessive intake of meat products high in cholesterol and fat
content has also been implicated in causing in major chronic diseases and
other related health challenges (Al-Shaar et al, 2020). The ability of
phytogenic feed additives to act as cholesterol-reducing agents and
antioxidants in meat products have been reported with remarkable results
in literature (Falowo et al,, 2014; Falowo, 2022). Among such phytogenic
feed additives which has not been exploited in broiler nutrition are
Mexican-tea and firewood leave meal.
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Mexican-tea (Chenopodium ambrosioides L.) plant is an aromatic
herbaceous medicinal/vegetable plant that belong to the family of
Chenopodiaceae and the genus Chenopodium. The plant is widely
distributed in Nigeria and other West Africa countries (Kasali et al,, 2021).
The plant is used in traditional medicine to treat different infections such
as uterine fibroids (Kumar et al,, 2007; Diroff, 2008). The inclusion of
Mexican-tea leave meal in fish diet has been reported to induce higher
immune cells and endogenous antioxidants such as superoxide dismutase
and catalase activities when compared to control group (Reyes-Becerril et
al,, 2019). Fireweed (Crassocephalum crepidioides) plant is a succulent
edible vegetable and herb that belongs to the family Asteraceae
(Compositae).

The plant is widely distributed in Africa, Asia and Australia (Can and Thao,
2020). Nutritionally, the plants is known to contain rich protein, crude
fibre, minerals and other phytochemical compounds with ability to elicit
antibacterial and antioxidant activities (Nupo et al,, 2013; Can and Thao,
2020; Falowo et al.,, 2023). The dietary supplementation of leaf meal of
these plants has been reported to boost red blood cell and reduce oxidative
stress in mouse and chicken during production (Can and Thao, 2020).
Hence, the aim of this study was to examine the antioxidant constituent of
Mexican-tea and fireweed leave meal and its effect on meat quality of
broiler chicken.

2. MATERIALS AND METHODS

1.1 Plant collection and extract preparation

Fresh leaf of Mexican-tea and fireweed leave meal were purchased from
the town markets in South-West, Nigeria. The leaves were cleaned and
allowed to air-dry in an open shade. The dried leaves were pulverized
using electric blending machine and the powdered samples were packed
into a polyethene bag for further analysis. Five cleaned and dried reagent
bottles were filled with ten grams of each sample, 100 milliliters of
ethanol-water solvent (7:3), and each bottle was left for 72 hours while
being periodically shaken on a shaking orbit machine. A 0.45 m Nylon
membrane filter was then used to filter the mixture. The extracts were
evaporated to dryness under reduced pressure at 40°C by a rotary
evaporator. The collected hydro-ethanol extracts were used for the
determination of antioxidant content and activity.

1.2 Experimental site

The study was conducted at the Poultry Unit of the Teaching and Research
Farm, Federal College of Agriculture, Akure, Nigeria. The experimental site
is located at 7°25' N and 5°19' E with average annual temperature and
annual rainfall of 25.3°C and 1455 mm, respectively. The entire study was
carried out for six weeks following the research ethics and guidelines of
the Animal Science Department of the institution.

1.3 Determination of total phenol content

The total phenol content of each extract was determined by the method
outlined (Singleton et al., 1999). Briefly, 2.5ml of 10% Folinciocalteau’s
reagent and 2ml of 7.5% Sodium carbonate were combined with 0.2ml of
each extract. After, the reaction mixture was incubated at 45°C for 40mins,
and the spectrophotometer was used to measure the absorbance at 700
nm. The amount of phenol was given as mg of garlic acid equivalent and
compared with that of the tannin acid as reference standards.

1.4 Determination of total flavonoid content

Using a colorimeter technique developed by Bao (2005), the total
flavonoid concentration of each extract was measured. Briefly, 0.3ml of 5%
NaNOs was added at zero time along with 0.2ml of each extract. 0.6ml of
10% AlClz; was added after 5 minutes, and after 6 minutes, 2ml of 1M NaOH
and 2.1ml of distilled water were added to the mixture. Flavonoid
concentration was quantified as mg rutin equivalent and absorbance was
measured at 510 nm against the reagent blank. The flavonoid content of
the extract was compared with that of the quercetin as reference
standards.

1.5 Determination of DPPH free radical scavenging ability

Using the method, the free radical scavenging ability of the extracts against

DPPH (1, 1- diphenyl-2-picryhydrazyl) was assessed (Gyamfi et al., 1999).
In order to measure the absorbance at 516 nm, 1 ml of the extract was
combined with 1 ml of the 0.4 mM methanolic solution of the DPPH. The
mixture was then left in the dark for 30 minutes. The DPPH scavenging
ability of the extracts was compared with that of trolex as reference
standards.

1.6 Determination ABTS radical scavenging activities

ABTS free radical scavenging activity of plant extracts was determined as
described by (Re et al., 1999). The ABTS was generated by reacting ABST
solution (7nmol/1) with K2S:0s (2.45mmol/], final concentration) in the
dark for 16h and adjusting the absorbance at 734nm to 0.700 with ethanol.
The extracts were diluted in ratio 1:10 for the assay. An aliquot of 0.2ml
from each extract was added to 2.0 ml ABTS solution and absorbance was
measured after 15mins at 734nm using the UV-Visible spectrophotometer.
The ABTS radical scavenging ability of the extracts was compared with
that of trolex as reference standards.

1.7 Experimental diets and animals

Two basal diets [starter (0-21 days) and finisher phase (22-42days)] were
formulated to meet the broiler’s nutritional requirement (Table 1). At each
phase, the experimental diets were divided into four treatments and
designated as Diet 1 (Control/no supplementation), Diet 2 (0.02% Vitamin
C), Diet 3 (0.25%MTLM) and Diet 4 (0.25% FWLM). One hundred and
twenty 1-day-old Cobb 500 broiler chicks were randomly distributed to
four dietary treatments. Each treatment was replicated three times. Thirty
birds were assigned to each treatment (10 birds/replicate) in a completely
randomized design (CRD). The birds were raised in their respective pen
(200 x 100 cm) with the floor covered with wood shavings. The
temperature of the pen was maintained within 31°C * 2 for the first seven
days, then it was lowered by 2°C every subsequent week until it reached
26 % 2°C. Over the course of the six-week feeding trial, light was provided
23 hours each day, and food and water were given ad libtum.

1.8 Determination of meat lipid and protein oxidation

At 42 weeks of age, three birds per treatment were randomly selected and
humanely slaughtered. Before slaughter, feed was withdrawn for the birds
overnight. After slaughtering, birds were allowed to bleed for 5 min,
scalded and eviscerated. About 100g of fresh meat samples from breast
muscle were excised for determination of level of cholesterol content, lipid
and protein oxidation. The lipid oxidation of the breast meat samples was
assessed (at 0, 7 and 21 d during cold storage at -21°C) by analysis of
Thiobarbituric acid reaction (TBARS) based on the method described by
(Xia et al., 2012; Rashid and Khidhir, 2021). TBARS values was measured
and expressed as mg of malondialdehyde (MDA) per kg broiler breast
muscle and then calculated as follows:

TBARS (mg/kg) = A532/Ws x 9.48

where A532 represent the absorbance of the solution measured at 532 nm,
Ws is the sample weight (g), and “9.48” is a constant originating from the
dilution factor and the molar extinction coefficient (1.52 x 105 M-! cm?) of
the Thiobarbituric acid (TBA) reaction product.

The protein oxidation of the breast meat samples was determined at 0, 7
and 21d during cold storage of -21°C) by measuring protein carbonyl
content according to the method described by (Berardo et al., 2016). The
protein carbonyl content of the meat sample was detected with 2, 4-
dinitrophenylhydrazine (DNPH) and calculated according to the
absorbance of the solution at 280 and 370 nm as follows:

Carbonyl content (nmol/mgprotein) = (As7)/ (ehydrazone 370 x (Aazso -
As70 x 0.43) x 106

Where ehydrazone370 = 22,000 M-lcm'!
1.9 Statistical analysis

Data obtained on antioxidant contents of the plant extracts and meat
quality of broiler chicken were analyzed using PROC GLM procedures of
SAS (version 9.1.3 of 2007). Differences in mean values were computed
using Duncan’s Multiple Range Test for multiple comparisons. For all
statistical tests, significance was determined at p < 0.05.
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Table 1: The Experimental Basal Diets' Composition
Ingredients Starter diet Finisher diet
Maize 52.33 59.32
Maize bran 7.02 0.00
Rice bran 0.00 6.03
Fish meal 3.00 3
Soybean meal 30 24
Premix 0.30 0.30
Bone meal 3.00 3.00
Soy oil 3.00 3.00
Methionine 0.30 0.30
Limestone 0.50 0.50
Salt 0.30 0.30
Lysine 0.25 0.25
Analyzed composition (%)
Crude fibre 3.55 3.63
Crude fat 4.47 3.94
Crude protein 22.19 20.09
Calculated composition (%)
Calcium 1.02 0.97
Available phosphorus 0.44 0.41
Methionine 0.68 0.65
Lysine 1.36 1.24
Metabolizable energy (Kcal/kg) 3018.93 3108.16

2. RESULTS AND DISCUSSION
2.1 Antioxidant status of the plant leaf meals

Nutritionally, utilization of medicinal plants are considered as important
source of antioxidant to boost animal endogenous antioxidants, inhibit
oxidation and hypercholesterolemia and lower cholesterol level in meat
and meat products during production (Falowo etal., 2014; Adu et al., 2020;
Falowo, 2022). The results of the antioxidant content of hydroethenolic
extract of Fireweed leave meal (FWLM) and Mexican-tea leave meal
(MTLM) showed that both plants are very rich in phenol and flavonoid
content (Figure 1, 2, 3 and 4). The leaf meal of FW revealed higher (p <
0.05) amount of phenol content (125.3 mg GAE/g DW) than leaf meal of
MT (109.3GAE/g DW), although lower than standard tannic acid value
(134.9 mg GAE/g DW). Similarly, the flavonoid content of FWLM (5.114.73
mg Ru/g DW) was significantly higher (p < 0.05) than that of MTLM (4.73
mg Ru/g DW) but lower compared to the standard quercertin (7.96 mg
Ru/g DW). The phenol content of plant leaf has been reported to possess
redox properties that help to absorb and neutralize free radicals (such as
superoxide anions, lipid peroxy radicals and hydroxyl radicals), quench
singlet and triplet oxygen, or activate antioxidant enzymes, and inhibit
oxidases to protect biological systems against peroxidations (Okwu and
Josiah, 2006; Moyo et al.,, 2012; Udedi et al., 2020).

Also, flavonoids have been implicated in helping the body to regulate
cellular activity, fight off free radicals, and prevent diseases that are
related to oxidative stress (Kumar and Pandey, 2013; Jovana et al., 2018).
The phenol and flavonoid content of MTLM recorded in this study was
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slightly higher than those reported by Tchani et al. (2021) and Ouadja et
al. (2021) but lower than those reported Awang-Kanak et al. (2019) and
Wijaya et al. (2011). These differences could be as a result of the method
and solvent of extraction, georgraphical location and method of analysis
(Sevindik et al,, 2017; Anees Ali Jafr et al., 2023). However, in comparison
to the standard tannic acid and Quertecin, the observed low phenol and
flavonoid content of extract of FWLM and MTLM could be as a result of low
concentration of extract used in the analysis.

The result of antioxidant activity showed that the leaf meal of FW
(71.63%) possessed higher (p < 0.05) 2-Diphenyl-2-picrylhydrazyl
(DPPH) free radical scavenging ability than the leaf meal of MT (60.46%)
although lower than the standard trolex at 97.38%. The value of the ABTS
radical were significantly similar in leaf meal of FWLM (0.02 mMol/g) and
MTLM (0.02 mMol/g) but lower than the standard trolex (0.03 mMol/g).
This is implying that MTLM had higher antioxidant potential to scavenge
free radicals and other reactive species compared to MTLM. This could be
attributed to the higher phenolic and flavonoid content earlier recorded in
FWLM compared to MTLM (Figure 1 and 2). Study has revealed that plants
that possessed high phenol and flavonoid content has hydroxyl groups
that are responsible for scavenging free radicals (Anees Ali Jafr et al,,
2023). The decrease in DPPH and ABTS fee radical scavenging activity of
FWLM and MTLM recorded in this study compared to the standard trolex
may be a result of low concentration of phenol and flavonoid inherent in
the plants due to the concentration used. Studies shown that the level of
free radical inhibition and destruction of free radical in system is
dependent on the amount or concentration of plant extract used (Afolayan
etal., 2008; Bahar et al., 2016).

Tannin acid

Figure 1: Phenolic content of the plant leaf extracts

FWLM = Extract of Fireweed leave meal. MTLM= Extract of Mexican-tea leave meal
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Figure 2: Flavonoid content of the plant leaf extracts
FWLM = Extract of Fireweed leave meal. MTLM= Extract of Mexican-tea leave meal
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Figure 3: Antioxidant activity (2, 2-Diphenyl-2-picrylhydrazyl, DPPH) of the plant leaf extract

FWLM = Extract of Fireweed leave meal. MTLM= Extract of Mexican-tea leave meal
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Figure 4: Antioxidant activity (ABST) of the plant leaf extracts

FWLM = Extract of Fireweed leave meal. MTLM= Extract of Mexican-tea leave meal
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2.2 Meat quality

The measure of meat quality could be related to its antioxidant capacity to
inhibit deterioration caused by oxidations. The result of the breast meat
lipid and protein oxidation of broiler chickens fed diets supplemented
with MT leaf meal during 0, 7- and 21-days cold storage at -21°C is
presented in Table 2. The result showed that dietary supplementation of
FWLM and MTLM could protects breast meat against lipid oxidation
during the cold storage period. At day 0, 7 and 21 of storage, the overall
TBARS values of the FWLM and MTLM meat samples were numerically
lowered compared with the control and Vit C treatments. The decrease in
TBARS formation in breast meat could be attributed to the capacity of
inherent antioxidant content (phenol and flavonoid, Figure 1 and 2) and
activity of FWLM and MTLM as mentioned above. This result is consistent
with some previous studies who reported a decline in lipid oxidation of
breast muscle of broiler chicken fed diet supplemented leaf meal during
cold storage (Nkukwana et al., 2014; Cui et al., 2018).

The result of protein oxidation showed that that dietary supplementation
of FWLM and MTLM did not affect the carbonyl value of the breast meat at
day 0 and 7d cold storage. However, at day 21, a significant decrease in the

carbonyl value was observed in breast meat of broiler chicken fed diet
containing FWLM compared to MTLM and control treatments. This is
suggesting that FWLM possessed anti-oxidation capacity to inhibit the
protein oxidation compared to MTLM. This result is in contrast with
findings of da Silva et al. (2018) who found that dietary inclusion of olive
leaf meal significantly influence the protein oxidation of breast muscle of
broiler chicken during storage. The observed higher carbonyl value in
breast meat of broiler fed diet 4 could mean that dietary inclusion of MTLM
at 0.25% was not effective enough to inhibit the production of protein
oxidation during storage.

The amount of total cholesterol in the breast muscle was significantly
lowered by supplementation of FWLM, MTLM and Vit C compared to
control (Figure 5). This is suggesting that both FWLM and MTLM
contained anti-cholesterolemic agent. The anti-cholesterolemic activity of
plant leaf meal has been associated to their phytochemicals and high fiber
content (Falowo, 2022). This result is in agreement with other studies that
have showed that inclusion of herbal plants in broiler diets can
significantly inhibit hypercholesterolemia and lower cholesterol level in
muscle food due to the inherent bioactive compounds (Abbas, 2013; Adu
etal, 2020; Falowo, 2022).

Table 2: Lipid oxidation of broiler chickens fed diets supplemented with Fireweed (FW) and Mexican-tea (MT) leave meal during cold storage
Diet1 Diet 2 Di Di
Parameters Day Corfttrol 0.02°ZtVit c |02 S%e;\?vm 0.250/;3 lt\/l:?I'LM SEM Pvalue

1.25 0.86 0.83 0.77 0.17 0.18

Lipid oxidation (mgMDA/g) 7 2.61 1.43 1.09 1.26 0.36 0.07

21 2.71 1.55 1.16 1.50 0.49 0.21

100.05 104.05 99.89 100.43 1.03 0.06

Protein Oxidation (nmol/mg protein) 108.26 107.27 106.85 104.74 1.08 0.21

21 114.85b 114.56b 111.95b 119.482 1.05 0.01

Means within a row with different letters and significantly different (p < 0.05). SEM Standard error. FWLM = breast meat of broiler chicken fed diet
supplemented with Fireweed leave meal. MTLM= breast meat of broiler chicken fed diet supplemented with Mexican-tea leave meal
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Figure 5: Cholesterol content of breast meat of broiler chicken fed diet supplemented with Fireweed (FW) and Mexican-tea leave meal

3. CONCLUSION

Findings from this study have revealed that fireweed (FW) and Mexican-
tea (MT) leave meal contained moderate amount of phenol and flavonoid
content and could be used to inhibit or quench free radical in biological
system. The dietary application of the FWLM and MTLM have showed that
they could be used as effective feed supplement in poultry nutrition to
inhibit oxidation production and reduce cholesterol content in breast
muscle during storage. Further research should be conducted on
utilization of FWLM and MTLM on colour and organoleptic properties of
meat from boiler chicken
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