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Abstract: The potential effects of anthocyanin-rich roselle, Hibiscus sabdariffa L. extract (ARRE) on
the growth, carcass traits, intestinal histomorphology, breast muscle composition, blood biochemical
parameters, antioxidant activity, and immune status of broiler chickens were evaluated. In the present
study, Hibiscus acidified ethanolic extract was reported to have a total anthocyanin content of about
359.3 mg cyanidin 3-glucoside/100 g DW, total polyphenol concentration (TPC) of about 598 mg gallic
acid equivalent (GAE)/100 g DW, and total flavonoids (TFs) of about 100 mg quercetin equivalent
(QE)/100 g DW. Two-hundred-fifty one-day-old chicks (Ross 308 broiler) (87.85 gm ± 0.32) were
randomly allotted to five experimental groups and fed on basal diets supplemented with five levels of
ARRE: 0, 50, 100, 200, and 400 mg Kg−1 for 35 days. Dietary ARRE addition did not improve the birds’
growth and carcass traits. Supplemental ARRE increased the n-3 polyunsaturated fatty acids (PUFA)
(ω-3) percentage in the breast muscle. Dietary ARRE increased the villous height, and the ARRE100
group raised the villus height to crypt depth ratio. Dietary ARRE increased the immunoexpression
of immunoglobulin G (IgG) in the spleen. The serum thyroxine hormone (T4) level was higher
in the ARRE200 group. The serum growth hormone level was increased by ARRE addition in a
level-dependent manner. According to the broken-line regression analysis, the optimum inclusion
level of ARRE was 280 mg Kg−1. All levels of supplemental ARRE decreased the serum triglyceride
level. The serum total antioxidant capacity (TAC) was increased in the ARRE100-ARRE400 groups,
the serum superoxide dismutase (SOD) level was increased in the ARRE200 group, and the serum
malondialdehyde (MDA) level was decreased by increasing the ARRE level. Supplemental ARRE
significantly increased the serum levels of lysozymes and IL10. The serum complement 3 (C3) level
was increased in ARRE200 and ARRE400 groups. It can be concluded that dietary ARRE addition
had many beneficial effects represented by the improvements in the bird’s metabolic functions, blood
biochemistry, intestinal morphology, antioxidant activity, immune status, and higherω-3 content in
the breast muscles. However, it had no improving effect on the birds’ growth.
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1. Introduction

Poultry production is one of the most quickly developing protein sources worldwide,
which has become very important to worldwide food sources. Recent poultry feeds are
manufactured to satisfy their nutritional needs. Still, more research is required to determine
whether these feeds sufficiently maintain the birds’ immunity system or if additional
components are needed to enhance their immune function [1]. Furthermore, the growth
performance improvements in broiler chickens are associated with intestinal health [2–5].
Using antibiotics as growth promoters are prohibited because of the rise of multiple and
cross-resistance antibiotics used in treating human and animal infections [6]. Earlier studies
demonstrated that phytobiotics with antiviral, antimicrobial, fungicidal, anticoccidial, and
antioxidant properties could be used as antibiotic alternatives in poultry diets [7,8].

Hibiscus sabdariffa L. (Roselle) is traditionally used in herbal beverages as a food, in
the food industry as a flavoring agent, and as an herbal medication. Its extracts exhibited
antioxidant, antibacterial, hepato- and nephroprotective, diuretic effect, hypolipidemic,
antihypertensive, antidiabetic effects. These effects may be related to intense antioxidant
activities, inhibition of α-glucosidase and α-amylase, direct vasorelaxant effect, inhibition
of angiotensin-converting enzymes (ACE), and modulation of calcium channel. Roselle
has an excellent record of safety and tolerability [9]. The pharmacological actions of
roselle are related to its component such as flavonoids, anthocyanins, organic acids, and
polysaccharides [10]. Roselle extracts contain a high proportion of organic acids as hibiscus
acid, hydroxycitric acid, citric acid, tartaric and malic acids as leading composites, and
ascorbic and oxalic acid as small compounds [11].

Anthocyanins are glycosidic forms of anthocyanidins that give fruits and flowers
bright and attractive colors, and they form a subgroup of flavonoids [12]. Anthocyanins
have several properties in humans and animals, such as anti-inflammatory, antimicrobial,
antioxidant activities. They prevent oxidative liver damage and hyperglycemia, prevent
cardiovascular diseases and diabetes, improve vision and obesity control [13–15]. Moreover,
anthocyanins prevent atherosclerosis, reduce free radical activity, and decrease inflamma-
tion and aging [16]. Therefore, anthocyanin can be used as a suitable feed additive. Many
studies demonstrated the anthocyanin effects on different animal species [17–20]. Dietary
anthocyanins may enhance intestinal barrier function, improve host/bacteria bonding, and
boost the multiplication of beneficial bacteria such as Lactobacillus spp. and Bifidobacterium
spp. [21]. These bacteria benefit host health through antimicrobial effects on pathogenic
microorganisms [22,23].

The only edible supplies of anthocyanins are fruits and vegetables [24,25]. The an-
thocyanins levels in fruits are considerably greater than in vegetables [26]. The highest
anthocyanin content was recorded in some berries such as blueberry, huckleberry, choke-
berry, and cranberry, while the lowest anthocyanin content was recorded for grapefruit,
date, and figs. The richest vegetables in anthocyanins and anthocyanidins are purple potato,
purple cabbage, and red cabbage [27]. However, the total anthocyanin content in fruits and
vegetables differs greatly between different genera and cultivars and is greatly influenced
by temperature, light, and agronomic factors [28].

Anthocyanins are currently used as feed constituents due to their potential antioxidant
and immunostimulant activities. So far, their impacts on poultry are less known [29,30].
Hence, this study investigated the possible effects of anthocyanin-rich roselle extract in
broiler chicken diets on the growth, intestinal morphology, blood biochemical parameters,
fatty acid composition of breast muscles, antioxidant activity, and immune status.
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2. Materials and Methods
2.1. Preparation and Description of the Anthocyanin-Rich Roselle Extract
2.1.1. Anthocyanin-Rich Roselle Extract Preparation

Dehydrated roselle calyces were obtained from the local market, Zagazig City, Sharqia
Governorate, Egypt. Dehydrated roselle calyces were ground into a powder with milling;
then, the ethanolic extract was prepared according to Zhao et al. [31]. Then, 10 g of
flour was blended with 100 mL acidified ethanol (70%) solution (0.1 M HCl (v/v)). These
combinations were agitated at 200 rpm for 24 h at room temperature in the dark before being
filtered using Whatman No. 42 filter paper (Whatman® quantitative filter paper, ashless,
Grade 42, Merck KGaA, Darmstadt, Germany). Ethanol was separated from the extract
using vacuum in a BüCHI B-480 water bath evaporator (Marshall Scientific, Cambridge,
MA, USA) at 45◦C, then lyophilized in a freeze drier (Thermo-electron Corporation–Heto
power dry LL 300 Freeze dryer).

2.1.2. Determination of Bioactive Compounds in Anthocyanin-Rich Roselle Extract

Total anthocyanin concentration was estimated using pH differential protocol [32] as
described in Wu et al. [33]. The absorbance (Ab) was calculated by Equation (1).

Ab = (Ab510− Ab700)pH1.0− (Ab510− Ab700)pH4.5 (1)

Total anthocyanin concentration was calculated from the Equation (2), and the results
were expressed as mg of cyanidin 3-glucoside/100 g.

Total anthocyanin concentration = (Ab/e ∗ L) ∗MW ∗ (D/G) ∗V ∗ 100 (2)

where Ab is absorbance, e is the molar extinction coefficient of cyanidin 3-glucoside (26,900),
L is the cell length (1 cm), MW is anthocyanins molecular weight (449.2), D is dilution
factor, V is the final volume (mL), and G is the dry weight (DW) of roselle flour (mg).

The Folin–Ciocalteu test was used to assess total phenolic content (TPC). The standard
curve was made with gallic acid. TPC was measured in mg of gallic acid equivalent (GAE)/100
gm of dry material [34]. The calibration equation for gallic acid (Equation (3)) was:

y = 0.001x + 0.0563 (R2 = 0.9792) (3)

where y and x are the gallic acid absorbance and concentration in µg/mL, respectively.
The total flavonoids (TFs) were measured according to the procedure outlined before [35].

The standard curve was created using quercetin, with total flavonoid concentration expressed
as quercetin equivalent (QE). Total flavonoids contents were stated as quercetin equivalent
(QE), which was calculated based on the calibration curve (Equation (4)).

y = 0.0012x + 0.008 (R2 = 0.944) (4)

where y is the absorbance and x is the concentration of quercetin in µg/mL.

2.1.3. Roselle Anthocyanin Estimation by HPLC

The high-performance liquid chromatography (HPLC) analysis was conducted ac-
cording to Durst and Wrolstad [36]. Freeze-dried extract in the amount of 10 mg was
dissolved with 5 mL of methanol. The Sample was centrifuged at 5000× g for 5 min, and
the supernatant was collected and filtered through a Millipore membrane (0.45 µm). The
filtrate was twice diluted with purified distilled water. The analyses were performed on an
HPLC (Agilent, Santa Clara, CA, USA) model-LC 1100 series, equipped with a degasser,
an autosampler automatic injector, a high-pressure pump, and a UV/Visible detector at
multiple wavelengths wave. HPLC experiments were conducted using a reversed-phase
C18 column (Prontosil, 250 × 4.0 mm, 5 µm, (Bischoff, Roseville, CA, USA). The mobile
phase used was a binary gradient eluent (solvent A, 0.1% trifluoroacetic acid in water;
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solvent B, 0.1% trifluoroacetic acid in acetonitrile). Acetonitrile used was of HPLC grade
(Sigma/Aldrich, Burlington, MA, USA) and was degassed in an ultrasonic bath before
use. The water was distilled using a Milli-Q system (Millipore, Sigma/Aldrich, Burlington,
MA, USA). The elution program was 5–20% B (0–5 min), 20–35% B (5–10 min), 35–100% B
(10–25 min), and 100% B (25–40 min) with a flow rate of 0.8 mL·min−1. The chromatograms
were monitored at 521 nm.

Anthocyanin’s identification and peak assignments are based on their retention dura-
tions, UV–VIS spectra comparisons, and published data. The cyanidin 3-O-galactoside was
used to measure anthocyanin levels.

2.2. Birds, Experimental Design, and Diets

This research was conducted in a poultry research unit in the faculty of veterinary
medicine, Zagazig University, Egypt, to assess the effect of dietary supplementation of
different levels of anthocyanin-rich roselle extract (Hibiscus sabdariffa L.) (ARRE) on growth
performance, intestinal histomorphology, immune status, antioxidant activity, the fatty
acid profile of breast muscles, and blood biochemical parameters of broiler chickens. All
experiment procedures were approved by the Institutional Animal Care and Use Committee
(ZU-IACUC) of Zagazig University, Egypt (Approval No. ZU-IACUC/2/F/17/2022).

In total, 250 1-day-old chicks (Ross 308 broiler) were obtained from a commercial
chick producer. Before starting the experiment, birds were submitted to a 3-day adaptation
period to reach an average body weight of 87.85 gm ± 0.32. Then they were randomly
allotted to five experimental groups with five replicates for each (10 chicks/replicate).
Birds were fed on basal diets supplemented with five levels of ARRE: 0, 50, 100, 200, and
400 mg Kg−1 for 35 days. The proximate chemical composition of the basal diet is shown in
(Table 1). The managerial conditions and the experimental diets were conducted following
Ross 308 broiler nutrition specifications AVIAGEN [37].

Table 1. The proximate chemical composition of the basal diet as fed basis (%).

Ingredients Unit Starter Grower Finisher

Corn 7.5% cp % 55.8 59.29 62.26
Soybean meal 47% cp % 33.7 28.085 23.735

Corn gluten meal 60% cp % 3.75 5.3 5.9
Oil (soya)—e76 % 2.2 3.0 4.0

Dicalcium phosphate dcp 18% % 1.5 1.4 1.3
Calcium carbonate % 1.2 1.2 1.1

Sodium bicarbonate % 0.25 0.25 0.25
Dl methionine 99% % 0.4 0.3 0.33

Broiler premix * % 0.3 0.3 0.3
L-LYSINE HCL 98% % 0.47 0.45 0.4

Salt % 0.15 0.15 0.15
Antimycotoxin % 0.1 0.1 0.1
Choline 60 veg % 0.07 0.07 0.07

L-THREONINE 98.5% % 0.1 0.1 0.1
Enzyme Phytase % 0.005 0.005 0.005

Chemical analysis **
Moisture % 11.25 11.17 11.23

ME poultry. (kcal/kg) Kcal/kg 3000.03 3100.64 3200.78
Crude protein % 23.06 21.53 20.02

Lysine % 1.47 1.31 1.15
Methionine % 0.72 0.61 0.62

Calcium % 0.94 0.90 0.83
Av. Phosphorus % 0.48 0.44 0.41

* Premix per kg of diet: vitamin A, 1500 IU; vitamin D3, 200 IU; vitamin E, 10 mg; vitamin K3, 0.5 mg; thiamine,
1.8 mg; riboflavin, 3.6 mg; ** pantothenic acid, 10 mg; folicacid, 0.55 mg; pyridoxine, 3.5 mg; niacin, 35 mg;
cobalamin, 0.01 mg; biotin, 0.15 mg; Fe, 80 mg; Cu, 8 mg; Mn, 60 mg; Zn, 40 mg; I, 0.35 mg; Se, 0.15 mg.

2.3. Growth Performance

The birds were individually weighed on the fourth day of age to obtain the average
initial body weight; then, the body weight was recorded at 10, 23, and 35 days to calculate
the average body weight of the birds in each group.
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The body weight gain (BWG) was calculated by Equation (5).

BWG = W2−W1 (5)

where W2 is the final body weight at the intended period, and W1 is the initial body weight
in the same period.

Feed intake (FI) of each replicate was recorded as the difference between the weight of
the feed offered and residues left and then divided by the number of birds in each replicate
to find out the average feed intake per bird.

The feed conversion ratio (FCR) was calculated by Equation (6).

FCR =
FI (g)

BWG (g)
(6)

The relative growth rate (RGR) was calculated using Equation (7) described by [38].

RGR =
W2−W1

0.5(W1 + W2)
× 100 (7)

where W1 = the initial live weight (g), W2 = the live weight at the end of the considered
period (g).

Protein efficiency ratio (PER) was determined by Equation (8) according to [39].

PER =
Live weight gain (g)

protein intake (g)
(8)

2.4. Carcass Traits

At the end of the experiment, ten birds from each treatment were chosen for carcass
traits evaluation, according to Amer et al. [2].

2.5. Determination of the Chemical and Fatty Acid Composition of the Breast Muscle

At the end of the experiment, breast muscle samples (5 samples/group) were taken.
Oils from the breast muscle were extracted using a solvent mixture of chloroform/methanol
(2:1, v/v) [40]. Fatty acids in the extracted oil and the chemical composition of the breast
muscle (dry matter, fat, crude protein, ash content %) were determined according to
AOAC [41].

2.6. Sample Collection and Laboratory Analyses

At the end of the feeding period, blood samples (two aliquots) were randomly col-
lected after slaughter (two birds/replicate, ten birds/group). The chicks were euthanized
using cervical dislocation, according to the American Veterinary Medical Association guide-
lines [42]. The first aliquot of blood was placed in tubes containing dipotassium salt of
Ethylene diamine tetra acetic acid (EDTA )as an anticoagulant for hematological analysis
by Hemascreen 18 Automatic Cell Counter (Hospitex Diagnostics, Sesto Fiorentino, Italy)
according to Harrison et al. [43]. The differential leukocytes count was estimated as Schalm
et al. [44] described. The second aliquot of blood was collected without anticoagulant, left
to clot at room temperature, centrifuged for 15 min at 3500 rpm for serum separation, and
stored at −20 ◦C in deep freezing until biochemical analysis. Samples from different parts
of the small intestine were taken for histomorphology examination. Spleen samples were
taken for immunohistochemistry.

2.6.1. Blood Biochemical Indices

Chicken ELISA kits (My Biosource Co. San Diego, CA, USA) of CAT. NO. MBS269454,
MBS265796, MBS025331, and MBS266317 were used for Triiodothyronine (T3) and Thyrox-
ine (T4), leptin, and growth hormones determination, respectively, following the instruc-
tions of the enclosed pamphlets of each kit.
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The serum levels of glucose, creatinine, and uric acid were measured by an auto-
matic biochemical analyzer (Robotnik Prietest ECO Ambernath (W), Thane, India) [45–47].
The method of Reitman and Frankel [48] was used to estimate serum levels of aspartate
aminotransferase (AST) and alanine aminotransferase (ALT).

2.6.2. Serum Lipid Profile and Proteinogram

Colorimetric diagnostic kits of spectrum-bioscience (Egyptian Company for Biotech-
nology, Cairo, Egypt) were used for measuring the serum total cholesterol (TC), triglyc-
erides (TG), and high-density lipoprotein cholesterol (HDL-C), following the methods of
Allain et al. [49], McGowan et al. [50], and Vassault et al. [51], respectively. The low-density
lipoprotein cholesterol (LDL-C) level was calculated following the Iranian formula LDL-C =
TC/1.19 + TG/1.9−HDL/1.1− 38. The very low-density lipoprotein cholesterol (VLDL-C)
was measured using the turbidimetric method described by Griffin and Whitehead [52].

The serum level of total protein was determined according to Grant [53]. The serum
albumin level was evaluated according to Doumas et al. [54]. The serum globulin level was
calculated mathematically by subtracting albumin values from total proteins [55].

2.6.3. Antioxidant Activity

The serum total antioxidant capacity (TAC) was estimated as mentioned by Rice-Evans
and Miller [56], catalase (CAT) was calculated according to Aebi [57], superoxide dismutase
(SOD) activity was evaluated according to Nishikimi et al. [58], and the Malondialdehyde
(MDA) level was determined according to Mcdonald and Hultin [59].

2.6.4. Immune Indices

The serum level of interleukin 10 (IL10) was determined using chicken ELISA kits of
MyBioSource Co. of CAT.NO. MBS701683. Meanwhile, the serum complement 3 level was
determined using a sandwich enzyme-linked immunosorbent assay (ELISA) kit (Life Span
Biosciences, Inc., Seattle, WA, USA) of CAT. NO. LS-F9287). The serum lysozyme activity
was determined according to Lie et al. [60].

2.7. Histological Examination of the Small Intestine

Two-centimeter samples (3 samples/group) were taken from each part of the small
intestine (the duodenum, jejunum, and ileum) and preserved in 10% neutral buffered
formaldehyde (NBF) for 72 h, then processed for dehydration and clearing, and embedded
in wax. Histological study was performed on 5 µm thick transverse sections (cut by a
microtome), fixed on slides, and stained with hematoxylin and eosin [61]. The villous
height (VH) was measured from the tip (with a lamina propria) of the villus to the base
(villus-crypt junction), and the crypt depth (CD) was calculated from the villus-crypt
junction to the distal limit of the crypt.

2.8. Immunohistochemical Procedures

At the end of the experiment, spleen samples (3 samples/group) were collected for
examination of immunoexpression of immunoglobulin G (IgG) according to Saber et al. [62].
Briefly, samples were directly trimmed and immersed in neutral buffer formalin. Fixation
of samples was conducted for four days. Routine histological techniques were performed
on all the samples, including the previous steps used in histological sections such as
dehydration, clearance, embedding, and cutting by microtome. Tissue ribbon was mounted
on positively charged slides to avoid separation during the autoclaving step. Then slides
were rehydrated through immersion in xylene, alcohols, and water. The antigen retrieval
step aimed to remove methylene bridges on the protein caused by formalin. Therefore, it
is too essential to unmask the antigen epitopes to allow the antibodies to bind. This step
was carried out by immersion of the samples in a solution of 0.05 M citrate buffer, pH 6.8.
Inhibition of the endogenous cellular enzymes to avoid nonspecific binding of horseradish
peroxidase (HRP) or alkaline phosphatase (AP). Thus, samples were put in 0.3% H2O2 and
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protein block with sera of the animal spp. of the secondary antibody at room temperature
for 30 min. After that, slides were incubated with a goat anti-Chicken IgG (Cat. No. NBP1-
72720, Novus Biologicals, Briarwood Avenue, USA). The slides were rinsed with PBS three
times for 10 of each. Slides were visualized with a DAB kit (3,3′-Diaminobenzidine) and
eventually stained with Mayer’s hematoxylin as a counterstain. The staining intensity
was assessed by positive areas per area using ImageJ ecosystem (IJ 1.46r, 2012, National
institutes of health NIH, WA, USA), and data were expressed as the percent of positive
area. Labeling indices were performed by counting positive cells in 1000 cells.

2.9. Statistical Analysis

Data were analyzed with a one-way analysis of variance (ANOVA) using the GLM
procedure in SPSS (SPSS Inc., Chicago, Illinois, USA) after Shapiro–Wilk test was used
to verify the normality and Levene’s test was used to verify homogeneity of variance
components between experimental treatments. Tukey’s test was used to compare the
differences between the means at 5% probability. Variation in the data was expressed as
pooled SEM, and the significance level was set at p < 0.05. The broken-line regression
with Tukey’s test considered information on BWG, FCR, growth hormone, and thyroxin
hormone for determining the optimum supplementation level of ARRE.

3. Results
3.1. Anthocyanin Description

The Hibiscus acidified ethanolic extract was reported to have total anthocyanin content
(TAC) of about 359.3 mg cyanidin 3-glucoside/100 g DW, total polyphenol concentra-
tion (TPC) of about 598 mg gallic acid equivalent (GAE)/100 g DW, and total flavonoids
(TFs) of about 100 mg quercetin equivalent (QE)/100 g DW. Figure 1 shows the chromato-
graphic analysis of Hibiscus anthocyanins at 521 nm. Four anthocyanins (Cyanidin-3-O-
glucoside, Delphinidin-3-O-glucoside, Cyanidin-3-O-sambubioside, and Delphinidin-3-O-
sambubioside) were recorded in the Hibiscus acidified ethanolic extract. The most prevalent
anthocyanins were Delphinidin-3-O-sambubioside (19.9 mg/g DW) and Cyanidin-3-O-
sambubioside (16.13 mg/g DW).
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Figure 1. HPLC chromatogram of Hibiscus anthocyanins at 521 nm.
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3.2. Growth Performance

Table 2 shows the effect of supplemental ARRE on the growth parameters of broiler
chickens. During the starter period, there was a linear decrease in the feed intake and FCR
in the ARRE400 group compared with the ARRE0 group (p < 0.05), while the BW and BWG
were not significantly different between the groups (p > 0.05). During the grower period,
there was a linear decrease in the BW and BWG in the ARRE400 group (p < 0.05), while the
FI and FCR were not significantly different between the groups (p > 0.05). Dietary addition
of ARRE had no significant effect on the growth performance of birds during the finisher
period and on the allover performance (p > 0.05).

Table 2. The effect of dietary addition of ARRE on the growth of broiler chickens.

Parameters ARRE0 ARRE50 ARRE100 ARRE200 ARRE400 SEM Regression #

Linear Quadratic

IBW (g) 89.04 87.08 86.66 88.12 88.33 0.32 0.06 0.33
Starter period

BW (g) 314.17 310.28 305.83 316.94 305.28 2.91 0.93 0.62
BWG (g) 225.12 223.19 219.17 228.82 216.94 2.80 0.94 0.46

FI (g) 250.48 a 243.54 a,b 240.83 a,b 245.21 a,b 228.54 b 2.88 0.03 0.56
FCR 1.11 a 1.09 a,b 1.10 a,b 1.07 a,b 1.05 b 0.009 0.01 0.58

Grower period
BW (g) 1170.17 a 1138.61 a 1086.39 a,b 1141.67 a,b 1063.89 b 13.65 0.01 0.23

BWG (g) 856.00 a 828.33 a 780.56 a,b 824.72 ab 758.61 b 12.62 0.01 0.28
FI (g) 1102.14 1098.54 1094.05 1046.88 1063.13 12.74 0.20 0.97
FCR 1.29 1.33 1.40 1.27 1.40 0.019 0.08 0.22

Finisher period
BW (g) 2293.72 2288.61 2270.28 2324.17 2181.11 35.09 0.87 0.80

BWG (g) 1123.56 1150.00 1183.89 1182.50 1117.22 31.11 0.27 0.86
FI (g) 1707.62 1883.75 1870.95 1820.00 1818.45 33.08 0.52 0.19
FCR 0.74 0.82 0.82 0.78 0.83 0.013 0.39 0.09

Overall performance
BW (g) 2293.72 2288.61 2270.28 2324.17 2181.11 25.68 0.87 0.80

BWG (g) 2204.67 2201.53 2183.61 2236.04 2092.78 35.09 0.87 0.78
FI (g) 3060.24 3225.83 3205.83 3112.08 3110.12 37.62 0.96 0.24
FCR 1.39 1.47 1.47 1.39 1.49 0.017 0.69 0.18
PER 3.46 3.29 3.28 3.46 3.24 0.03 0.63 0.19
RGR 185.02 185.33 185.21 185.33 184.40 0.23 0.86 0.44

# The regressions were considered significant at p < 0.05. Variation in the data was expressed as pooled SEM. a,b

means within the same row carrying different superscripts are significantly different (p < 0.05). IBW—initial body
weight, BW—body weight, BWG—body weight gain, FI—feed intake, FCR—feed conversion ratio, PER—protein
efficiency ratio, RGR—relative growth rate.

3.3. Carcass Traits

As shown in Table 3, ARRE addition had no significant effect on the weights of carcass,
intestine, gizzard, liver, and lymphoid organs (spleen and bursa) relative to the live weight
(p > 0.05).

Table 3. The effect of dietary supplementation of ARRE on the carcass traits (%) relative to live weight.

Parameters ARRE0 ARRE50 ARRE100 ARRE200 ARRE400 SEM Regression #

Linear Quadratic

Carcass 64.29 64.56 68.71 65.35 63.41 0.64 0.84 0.05
Intestine 5.51 4.67 5.58 5.10 5.73 0.19 0.54 0.35
Spleen 0.09 0.11 0.12 0.09 0.11 0.006 0.74 0.83
Bursa 0.161 0.162 0.163 0.148 0.132 0.008 0.27 0.50

Gizzard 1.41 2.20 1.94 2.16 2.46 0.14 0.05 0.66
Liver 2.01 1.94 1.75 1.89 2.16 0.06 0.55 0.07

# The regressions were considered significant at p < 0.05. Variation in the data was expressed as pooled SEM.

3.4. Chemical and Fatty acid Composition of the Breast Muscle

Dietary ARRE addition had no significant effect on the dry matter, fat, crude protein,
and ash content of the breast muscle (p > 0.05). The n-3 PUFA (ω-3) percentage and the
ω-3 to n-6 PUFA (ω-6) ratio were linearly increased in the breast muscle of broiler chickens
by supplemental ARRE in a level-dependent manner (p < 0.01). At the same time, theω-6
percentage was not significantly different between groups (p > 0.05) (Table 4).
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Table 4. The effect of dietary supplementation of ARRE on the chemical and fatty acid composition
of the breast muscle.

Parameters ARRE0 ARRE50 ARRE100 ARRE200 ARRE400 SEM Regression #

Linear Quadratic

Dry matter% 69.59 72.31 74.68 74.42 73.19 0.43 0.18 0.27
Crude

protein% 67.27 67.25 67.1 66.7 67.85 1.30 0.65 0.68

Fat% 5.92 4.9 6.0 5.8 5.45 0.20 0.96 0.94
Ash% 4.1 4.5 3.66 5.2 4.15 0.48 0.36 0.93
ω-3 (%) 0.09 c 0.11bc 0.15 a,b,c 0.16 a,b 0.19 a 0.01 <0.01 0.94
ω-6 (%) 2.00 2.05 2.07 2.06 2.09 0.01 0.09 0.56

ω-3: ω-6 ratio 0.04b 0.05b 0.07 a,b 0.07 a,b 0.09 a 0.004 <0.01 0.92

# The regressions were considered significant at p < 0.05. Variation in the data was expressed as pooled SEM.
a,b,c means within the same row carrying different superscripts are significantly different (p < 0.05). ω-3 (% of total
fatty acids): omega-3 fatty acids. ω-6 (% of total fatty acids): omega-6 fatty acids.

3.5. Morphometric Measures of the Small Intestine

The Effect of supplemental ARRE on the morphometric measures of the small intestine
is shown in Table 5 and Figure 2. The VH was quadratically increased in the ARRE50 and
ARRE100 groups (p < 0.01). The duodenal villous height to crypt depth ratio (VH: CD) and
goblet cell count (GCC) were quadratically higher in the ARRE100 group compared with
other groups (p < 0.01). The jejunal VH was quadratically raised in the ARRE100 group
(p < 0.01). The GCC in the jejunum was linearly and quadratically increased in all ARRE
supplemented groups (p < 0.05) except for the ARRE400 group, which was not significantly
different from the control group (ARRE0). The highest jejunal GCC was observed in the
ARRE100 group. The VH and CD of the ileum were quadratically increased in the ARRE50
and ARRE100 groups (p < 0.05). The GCC of the ileum was linearly and quadratically
increased in all ARRE supplemented groups (p < 0.01) compared with the ARRE0 group.
The highest GCC was observed in the ARRE100 group. The VW of the ileum was not
significantly different among the groups (p > 0.05) except for the ARRE400 group that was
linearly decreased (p = 0.01) in comparison with the control group. The VH: CD in the
jejunum and ileum was not significantly different between all treatments (p > 0.05).

Table 5. The effect of dietary supplementation of ARRE on the morphometric measures (µm) of the
small intestine of broiler chickens.

Parameters ARRE0 ARRE50 ARRE100 ARRE200 ARRE400 SEM Regression #

Linear Quadratic

Duodenum
VH 331.12 b 551.84 a 605.48 a 489.09 a,b 485.71 a,b 28.03 0.05 <0.01
VW 87.74 94.13 119.79 78.29 108.81 5.86 0.48 0.66
CD 79.91 110.93 85.21 108.45 102.28 4.52 0.12 0.41

VH:CD 4.12 b 4.97 b 7.18 a 4.49 b 4.86 b 0.32 0.45 <0.01
GCC 104.60 b 137.02 a,b 150.83 a 124.24 a,b 121.48 a,b 4.98 0.38 <0.01

Jejunum
VH 882.72 b 1079.67 a,b 1139.82 a 946.82 a,b 921.59 a,b 32.61 0.74 <0.01
VW 119.42 116.38 110.27 102.84 107.60 5.40 0.41 0.78
CD 150.82 145.76 125.17 108.85 135.70 5.37 0.60 0.35

VH:CD 7.06 7.40 7.54 9.28 6.80 0.39 0.62 0.23
GCC 201.53 c 246.60 b 309.44 a 234.98 b 228.10 b,c 9.82 0.04 <0.01
Ileum

VH 487.12 c 723.85 a,b 752.83 a 600.64 a,b,c 542.24 b,c 31.21 0.92 <0.01
VW 161.46 a 138.20 a,b 110.48 a,b 138.89 a,b 101.04 b 7.38 0.01 0.56
CD 74.97 b 108.78 a 114.03 a 97.47 a,b 102.69 a,b 4.32 0.05 <0.01

VH:CD 6.77 6.63 6.60 6.14 5.31 0.24 0.06 0.37
GCC 64.63 c 96.94 b 148.25 a 113.13 b 103.48 b 7.42 <0.01 <0.01

# The regressions were considered significant at p < 0.05. Variation in the data was expressed as pooled SEM.
a,b,c means within the same row carrying different superscripts are significantly different at (p < 0.05). VH—villous
height, VW—villous width, CD—crypt depth, VH:CD—villous height to crypt depth ratio, GCC—goblet cell count.

3.6. Immunohistochemical Analysis

The immunoexpression of IgG in the spleen is illustrated in Figure 3. Immunostained
spleen sections treated with specific monoclonal IgG antibodies demonstrated increased
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staining reactions within the white pulp in all experimental groups 58.49, 70.25, 46.40, 47.41%
for ARRE50, ARRE100, and ARRE200, ARRE400, respectively, with the highest reaction
observed in the ARRE100 group compared with mild expression in the control group (31.42%).
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Figure 3. Photomicrograph of splenic tissues immunostained with IgG antibody: (A) spleen of
ARRE0 group showing mild expression of IgG (31.42%) within white pulp (arrowhead); (B) The
spleen of the ARRE50 group showed an increase of IgG immunostaining expression of IgG (58.49%)
within white pulp (arrowheads); (C) The spleen of ARRE100 showed a marked increase of IgG
immunostaining (70.25%) within the white pulp (arrowheads); (D) The spleen of ARRE200 showed
an increase of immunostaining expression of IgG (46.40%) within the white pulp (arrowheads); (E) The
spleen of ARRE400 showed increased IgG immunostaining (47.41%) within white pulp (arrowheads).
Bar = 50 µm. (F) showed morphometric measures of IgG immunostaining expression (%). a,b means
carrying different superscripts are significantly different at (p < 0.05).
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3.7. Blood Hematology

The effect of supplemental ARRE on blood hematology is shown in Table 6. The red
blood cells (RBCs) count was quadratically increased in the ARRE100 group (p < 0.01). The
platelets count was linearly and quadratically decreased in ARRE100 and ARRE 200 groups
(p < 0.05). The mean corpuscular volume (MCV) value was not significantly different in all
groups (p > 0.05) except for the ARRE100 group, which was quadratically decreased compared
with the control group (p < 0.01). The mean corpuscular hemoglobin (MCH) value was
not significantly different in all groups (p > 0.05) except for the ARRE50 group, which was
quadratically decreased compared with the control group (p < 0.01). The highest heterophils
and eosinophils counts were observed in ARRE400 and ARRE50, respectively (p < 0.05).

Table 6. The effect of dietary supplementation of ARRE on the blood hematology of broiler chickens.

Parameters ARRE0 ARRE50 ARRE100 ARRE200 ARRE400 SEM Regression #

Linear Quadratic

RBCs (×106/µL) 2.79 b 3.35 a,b 3.91 a 3.20 a,b 2.84 b 0.15 0.92 <0.01
Hb (g/dL) 8.75 8.90 10.63 9.77 9.25 0.29 0.33 0.10

PCV% 33.70 34.54 36.41 35.66 34.78 0.37 0.20 0.06
Platelets (×103/µL) 22.33 a 18.67 a,b 14.33 b,c 10.67 c 19.33 a,b 1.24 0.01 <0.01

MCV (fL) 122.33 a 103.04 a,b 93.46 b 112.16 a,b 122.77 a 3.65 0.58 <0.01
MCH (Pg) 31.62 a,b 26.54 c 27.03 b,c 30.63 a,b,c 32.61 a 0.76 0.08 <0.01

MCHC (g/dL) 23.94 25.76 29.05 27.38 26.59 0.68 0.14 0.07
WBCs (×103/µL) 18.87 20.00 18.67 19.66 18.67 0.22 0.61 0.27

Lymphocytes (×103/µL) 10.54 10.87 10.78 11.16 10.31 0.15 0.83 0.08
Heterophils (×103/µL) 5.90 a,b 6.69 a,b 5.76 b 6.18 a,b 6.84 a 0.15 0.06 0.18
Monocytes (×103/µL) 1.60 1.53 1.46 1.55 1.39 0.13 0.10 0.98
Eosinophils (×103/µL) 0.52 a,b 0.58 a 0.41 a,b 0.49 a,b 0.39 b 0.02 0.02 0.65
Basophils (×103/µL) 0.31 0.32 0.26 0.29 0.27 0.01 0.33 0.79

# The regressions were considered significant at p < 0.05. Variation in the data was expressed as pooled SEM.
a,b,c means within the same row carrying different superscripts are significantly different (p < 0.05). RBCs—
Red blood cells; Hb—hemoglobin; PCV—packed cell volume; MCV—mean corpuscular volume; MCH—mean
corpuscular hemoglobin; MCHC—mean corpuscular hemoglobin concentration; WBCs—White blood cells.

3.8. Serum Biochemical Parameters

As shown in Table 7, the serum T4 level was linearly higher in the ARRE200 group
(p < 0.01). The serum level of growth hormone was linearly and quadratically increased
in a level-dependent manner, where the highest levels were observed in ARRE200 and
ARRE400 groups (p < 0.05). The serum levels of glucose, leptin, AST, ALT, creatinine,
and urea were not significantly different between all groups (p > 0.05). According to the
broken-line regression analysis, the optimum inclusion level of ARRE was 280 mg Kg−1

based on the data of total body weight gain, feed conversion ratio, growth hormone, and
T4 levels (Figure 4).

Table 7. The effect of dietary supplementation of ARRE on the blood biochemical parameters of
broiler chickens.

Parameters ARRE0 ARRE50 ARRE100 ARRE200 ARRE400 SEM Regression #

Linear Quadratic

T3 (ng/mL) 3.71 3.88 4.15 4.09 4.33 0.10 0.06 0.82
T4 (ng/mL) 20.22 b 21.00 a,b 23.09 a,b 24.50 a 23.97 a,b 0.56 <0.01 0.35

Glucose (mg/dL) 336.67 338.67 341.67 339.33 339.33 1.56 0.64 0.54
GH (ng/mL) 2.97 c 4.23 b 4.97 a,b 5.30 a 5.53 a 0.26 <0.01 0.01

Leptin (ng/mL) 2.18 1.65 1.63 1.97 2.01 0.10 0.98 0.11
ALT (U/L) 6.00 6.67 6.67 6.33 8.00 0.39 0.24 0.64
AST (U/L) 49.00 49.00 57.00 51.67 53.00 1.97 0.49 0.56

Creatinine (mg/dL) 0.23 0.25 0.24 0.25 0.24 0.003 0.06 0.12
Uric acid (mg/dL) 3.13 3.53 3.40 3.13 3.33 0.09 0.98 0.53

# The regressions were considered significant at p < 0.05. Variation in the data was expressed as pooled SEM.
a,b,c Means within the same row carrying different superscripts are significantly different at (p < 0.05). Triiodothy-
ronine (T3); Thyroxine (T4); Growth hormone (GH); Aspartate aminotransferase (AST); Alanine aminotransferase
(ALT).
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3.9. Lipid Profile

All levels of supplemental ARRE linearly and quadratically decreased the serum
triglyceride level compared with the control group (p < 0.05). While the TC, HDL-C, LDL-C,
and VLDL-C levels were not significantly different between all groups (p > 0.05) (Table 8).

Table 8. The effect of dietary supplementation of ARRE on the serum lipid profile of broiler chickens.

Parameters ARRE0 ARRE50 ARRE100 ARRE200 ARRE400 SEM Regression #

Linear Quadratic

TC (mmol/L) 3.54 3.33 3.41 3.42 3.40 0.02 0.29 0.18
HDL-C (mmol/L) 1.99 2.17 2.11 2.04 2.11 0.02 0.45 0.22
LDL-C (mmol/L) 1.31 0.93 1.08 1.15 1.07 0.04 0.34 0.14

VLDL-C (mmol/L) 0.24 0.23 0.22 0.23 0.22 0.003 0.14 0.44
TG (mmol/L) 1.26 a 1.16 b 1.16 b 1.17 b 1.15 b 0.01 <0.01 0.03

# The regressions were considered significant at p < 0.05. Variation in the data was expressed as pooled SEM.
a,b means within the same row carrying different superscripts are significantly different (p < 0.05). TC—Total
cholesterol; TG—triglycerides; HDL-C—high-density lipoprotein cholesterol; LDL-C—low-density lipoprotein
cholesterol; VLDL-C—very low-density lipoprotein cholesterol.

3.10. Antioxidant Capacity

The serum TAC level was linearly and quadratically increased significantly in the
ARRE100-ARRE400 groups compared with the control group (p < 0.01). The serum activity
of CAT and SOD were linearly raised in the ARRE400 and ARRE200 groups, respectively,
compared with the control group (p < 0.05). The serum MDA level was linearly decreased
by increasing the level of ARRE (p < 0.01) (Table 9).
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Table 9. The effect of dietary supplementation of ARRE on the serum antioxidant activity of broiler
chickens.

Parameters ARRE0 ARRE50 ARRE100 ARRE200 ARRE400 SEM Regression #

Linear Quadratic

TAC (U/mL) 10.76 b 10.66 b 13.25 a 13.26 a 13.09 a 0.34 <0.01 0.02
CAT (U/mL) 4.42 b 4.54 a,b 5.74 a,b 5.92 a,b 6.45 a 0.30 0.01 0.93
SOD (U/mL) 140.09 b 145.24 a,b 155.29 a,b 158.71 a 155.27 a,b 2.36 <0.01 0.12

MDA (nmol/mL) 6.67 a 5.80 a,b 3.60 b,c 3.27 c 3.23 c 0.43 <0.01 0.07

# The regressions were considered significant at p < 0.05. Variation in the data was expressed as pooled SEM.
a,b,c means within the same row carrying different superscripts are significantly different (p < 0.05). TAC—total
antioxidant capacity; CAT—catalase; SOD—superoxide dismutase; MDA—Malondialdehyde.

3.11. Immune Status

As shown in Table 10, the total protein level in the serum level was linearly increased
in ARRE200 compared with the control group (p < 0.01). At the same time, the serum
albumin and globulin levels were not significantly different between groups (p > 0.05).
Supplemental ARRE linearly and quadratically increased the serum levels of lysozymes
and IL10 compared with the control group (p < 0.01). The serum C3 level was linearly
increased in ARRE200 and ARRE400 groups (p = 0.01).

Table 10. The effect of dietary supplementation of ARRE on the immune indices of broiler chickens.

Parameters ARRE0 ARRE50 ARRE100 ARRE200 ARRE400 SEM Regression #

Linear Quadratic

TP (g/dL) 3.73 b 4.02 a,b 4.51 a,b 4.90 a 4.83 a,b 0.15 <0.01 0.39
ALB (g/dL) 1.28 1.31 1.90 1.75 1.66 0.11 0.13 0.27
GLU (g/dL) 2.45 2.71 2.61 3.15 3.17 0.13 0.06 0.88

Lysozyme (µg/mL) 133.00 b 173.00 a 181.67 a 184.67 a 189.67 a 5.67 <0.01 <0.01
IL10 (pg/mL) 1.60 b 3.63 a 4.03 a 3.73 a 4.30 a 0.26 <0.01 <0.01
C3 (mg/dL) 1.11 b 1.20 a,b 1.22 a,b 1.23 a 1.24 a 0.01 0.01 0.09

# The regressions were considered significant at p < 0.05. Variation in the data was expressed as pooled SEM.
a,b means within the same row carrying different superscripts are significantly different (p < 0.05), TP—total
protein; ALB—albumin; GLU—globulin, C3—complement 3; IL10—interleukin 10.

4. Discussion
4.1. Effect of ARRE on the Growth Performance

Studying the effects of feeding systems on birds’ performance, health, and gut his-
tomorphology is essential for developing approaches that use antibiotic alternatives in
poultry manufacture. The current study investigated the effects of using anthocyanin-
rich roselle extract additive on the growth, carcass traits, meat composition, intestinal
morphology, blood biochemical parameters, antioxidant activity, and immune status of
broiler chickens. In the present study, Hibiscus acidified ethanolic extract was recorded with
total anthocyanin content (TAC) of about 359.3 mg cyanidin 3-glucoside/100 g dw, total
polyphenol concentration (TPC) of about 598 mg gallic acid equivalent (GAE)/100 g dw,
and total flavonoids (TFs) of about 100 mg quercetin equivalent (QE)/100 g dw.

Dietary supplementation with polyphenols did not exert a specific effect on the ani-
mal’s growth, which was increased, decreased, or unaffected, relying on the feed’s included
compound [63]. Although dietary ARRE improved most intestinal morphometric measures,
the growth hormone, and thyroxin hormone, its addition did not affect the birds’ growth
performance or carcass traits, except for decreased feed intake and improved FCR during
the starter period, and decreased BW and BWG during the grower period in the ARRE400
group. This may be due to the minor effect of ARRE on nutrient digestion. The optimum
inclusion level of ARRE was 280 mg Kg−1 based on the data of TBWG, FCR, growth hor-
mone, and T4 levels. It has been reported that polyphenols can cause inhibition of digestive
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enzyme secretion, increased protein secretion, and decreased protein and amino acids
digestibility, leading to opposing metabolic effects demonstrated by reduced body weight
and feeding efficiency [64,65]. Dietary ARRE reduces pancreatic lipase activity and reduces
fat digestion and absorption in the intestine [66]. Earlier studies indicated that polyphenols
inhibit various enzymes involving α-amylase and α-glucosidase activity [67,68] pancreatic
lipase [69]. The inhibition of digestive enzymes may be due to insoluble complexes from the
polymeric polyphenols and the proteins in the gastrointestinal tract [70]. Csernus et al. [30]
conveyed no effect of anthocyanin on the body weight and average daily gain of broilers,
only it increased the average daily feed intake during the grower period. Nasrawi [71]
reported improved growth of broiler chickens by roselle flower powder. He attributed
these results to the active compounds in roselle, such as anthocyanin and vitamin C, which
significantly stimulate the thyroid gland and growth hormone secretion and improve
metabolism [72].

4.2. Chemical and Fatty Acid Composition of the Breast Muscles

There is little research on the effect of ARRE on the chemical and fatty acid composition
in the breast muscles of chickens. The present study demonstrated that dietary ARRE did
not affect the chemical composition of breast muscle, which is consistent with the growth
performance results. Dietary ARRE increased the ω-3 PUFA percentage and ω-3 to the
ω-6 ratio level dependency. Prommachart et al. [73] reported higher n-3 and n-6 PUFA in
the meat of beef cattle-fed anthocyanin-rich extract from black rice and purple corn, which
denotes healthier meat for the consumer. Villasante et al. [74] found an increase in the
percentages of total n-3 PUFA in the plasma of rainbow trout-fed anthocyanins-rich purple
corn extract. Jaturasitha et al. [75] reported a high rate of n-3 PUFA in raw loin chops of
pigs fed anthocyanins-rich purple rice extract, indicating bioactive compounds such as
anthocyanins in ARRE may affect the meat content from n-3 and n-6 PUFA. Anthocyanins
may encourage the conversion of α-linolenic acid to EPA and DHA [73]. Changes in the
fatty acid profile occur by reducing the saturated fatty acids concentrations and increasing
PUFAs levels in the meat, promoting consumer health by increasing the food quality and
oxidative stability [76].

4.3. Effect of ARRE on the Intestinal Morphology

Intestinal morphometric measures can denote digestive functions. Increased VH and
decreased CD can support more extensive nutrient digestion and absorption [4,77]. Dietary
ARRE increased the villus height and goblet cell count, and the ARRE100 group increased
the villus height to crypt depth ratio, indicating a positive effect in absorption functions.
Csernus et al. [30] reported increased ileal VH, VH: CD ration, and mucosal thickness by
anthocyanin supplementation in broiler diets. Polyphenols have low bioavailability, and
unabsorbed compounds significantly impact gut health [78,79]. Polyphenols boost the
host’s immune system and overall health by promoting the growth of beneficial bacteria
(Lactobacillus spp., Bacillus spp.) and stabilization of the intestinal microflora [80]. It can have
an optimistic effect on gut morphology and enhance nutrient absorption in monogastric
animals [16].

4.4. Effect of ARRE on the Blood Hematology

The data of the blood hematology presented increased RBCs count in the ARRE100 group,
decreased platelets count in the ARRE100 and ARRE 200 groups, decreased MCV value in
the ARRE100 group, and decreased MCH value in the ARRE50 group. The heterophils and
eosinophils counts were higher in the ARRE400 and ARRE50 groups, respectively. However,
the reported values are within the normal range of healthy birds [81,82]. Other hematological
indices (HB, PCV, WBCs, lymphocytes, basophils, and monocytes) were not changed by
dietary ARRE, indicating sufficient nutrient release for electrophoresis and the blood’s
ability to carry and release oxygen was not adversely affected [83]. Similarly, Ugwu
et al. [84] detected no significant impact of H. sabdariffa calyx extract supplementation on
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the blood hematology of the birds, except increased MCV value than the normal range.
Asaniyan and Akinduro [85] also reported a nonsignificant effect of aqueous extract of
roselle plant on the HB, platelets count, PCV, and RBCs count of broiler chickens.

4.5. Effect of ARRE on the Clinic-Biochemical Indices

Assessment of blood biochemistry in poultry gives valuable data about their nutri-
tional, performance, and health status [86]. The current study showed higher T4 levels
in the ARRE200 group and higher growth hormone levels by ARRE addition in a level-
dependent manner, where the highest levels were observed in the ARRE200 and ARRE400
groups. These results were attributed to the bioactive compounds in the roselle extract
(anthocyanin) that have a significant role in stimulating the thyroid gland and improving
metabolism [72]. Our results showed no effect of dietary ARRE addition on glucose and
leptin hormone levels. The constancy in the serum glucose indicates that dietary ARRE
did not affect glucose intake and consequent metabolism by the cells. Dietary ARRE did
not alter the serum AST and ALT. The constancy in the liver enzymes indicates that it
did not alter the liver function and integrity because these enzymes (AST and ALT) are
hepatotoxicity biomarkers [81]. The ARRE200 group increased the serum total protein level
compared with other groups with no effect of supplemental ARRE on serum albumin and
globulin. Total serum protein and albumin are considered a measure of bioproduction of
plasma proteins by the liver [85].

Dietary ARRE did not change the serum urea and creatinine. Creatinine is a relatively
dependable indicator of kidney function. The constancy in the serum urea and creatinine
levels indicates that dietary ARRE did not adversely impact the kidney of the animals.
Similarly, Ugwu et al. [84] observed no significant effect of H. sabdariffa calyx extract on
broiler chickens’ glucose, AST, ALT, urea, and creatinine levels. All levels of supplemental
ARRE decreased the serum triglyceride level with no effect on the TC level. This may be
due to the inhibition of the pancreatic lipase activity by anthocyanin and so reduction of
lipid digestion and absorption [69]. Chen et al. [66] reported decreased TG level in broiler
chicken by dietary Hibiscus sabdariffa extract.

4.6. Effect of ARRE on the Antioxidant Activity

The current study revealed an increase in the serum TAC in the ARRE100-ARRE400
groups, increased SOD activity in the ARRE200 group, and decreased MDA level by
increasing the level of ARRE. Anthocyanins have a high thermostability and influence
antioxidative, anti-inflammatory, hepatoprotective, and cardioprotective activities [87]. The
antioxidant effect may be due to the role of the phenolic compounds in scavenging the free
radicals by forming complexes with metal ions and inhibiting the singlet oxygen forma-
tion [88,89]. Polyphenols’ antioxidant activities can also be initiated by having hydrogen
from hydroxyl groups located along the aromatic ring to cease the free-radical oxidation
of biomolecules. Polyphenols also inhibit oxidases, decrease α-tocopherol radicals, and
activate antioxidant enzymes [90]. Our results are aligned with Wang et al. [91], who
informed increased antioxidant enzymes activity involving total superoxide dismutase
(T-SOD) and glutathione peroxidase (GSH-Px), and reduced MDA in the tissues and blood
of chickens by proanthocyanidins extracted from bilberry plant, thus reducing the lipid
oxidation and oxidative damage.

4.7. Impact of ARRE on the Immune Response

The immune response can be assessed in several ways, for example, quantification
of leukocyte pools, antibody concentrations, cytokine responses, inflammatory markers,
phagocytic abilities, and masses of different immune organs. Several approaches have
been used to improve chickens’ immune and inflammatory responses [1]. In the present
study, the relative weights of the immune organs (spleen and bursa of Fabricius) were
not affected by ARRE supplementation. In addition, Csernus et al. [30] reported no effect
of dietary anthocyanin on the lymphoid organ’s weight (spleen). Park et al. [92] noticed
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increased immune cells in the thymus, spleen, and bursa of Fabricius, decreased T cytokines
expression, and boosted immune function in chickens by proanthocyanidins extracted from
pine bark.

Chicken IgY, or chicken IgG, is a significant immunoglobulin that can counteract
viruses, bacteria, or toxins with complement activation [93]. In the present study, dietary
ARRE raised the immunoexpression of IgG in the spleen, indicating enhanced humoral
immunity. Cytokines act as extracellular signals between cells during the immune re-
sponses [94]. Supplemental ARRE significantly increased the serum levels of lysozymes
and IL10. The serum C3 level was increased in ARRE200 and ARRE400 groups. In-
creasing these immune indicators indicate the immune-modulating effect of ARRE. This
enhancement was attributed to the flavonoids content of the extract, mainly anthocyanin,
as it has been reported that flavonoids enhance the humoral immune response set by the
chickens [95].

5. Conclusions

Dietary anthocyanin-rich roselle extracts did not affect the bird’s growth and carcass
traits. However, its addition had many beneficial effects, such as improving the bird’s
intestinal morphology indicated by increased villous height and VH: CD ratio, indicating
better nutrient absorption. Moreover, it improved the birds’ metabolic functions indicated
by increased T4 and growth hormone with no effect on the glucose and leptin hormone.
Dietary ARRE lowered the triglyceride level and improved the antioxidant activity by in-
creasing the TAC and SOD activity and reducing the MDA level. ARRE addition improved
the immune status by increasing the serum levels of IL10 and lysozyme and upregulating
the IgG immune expression in the spleen. Furthermore, its addition increased the n-3 PUFA
content in the breast muscles, increasing consumer acceptance. The optimum inclusion
level of ARRE was 280 mg Kg−1.
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The influence of feeding purple wheat with higher content of anthocyanins on antioxidant status and selected enzyme activity of
animals. Acta Vet. Brno 2017, 85, 371–376. [CrossRef]

15. Prior, R.L.; Wu, X.; Gu, L.; Hager, T.J.; Hager, A.; Howard, L.R. Whole berries versus berry anthocyanins: Interactions with dietary
fat levels in the C57BL/6J mouse model of obesity. J. Agric. Food Chem. 2008, 56, 647–653. [CrossRef]

16. Kamboh, A.; Arain, M.A.; Mughal, M.J.; Zaman, A.; Arain, Z.; Soomro, A. Flavonoids: Health promoting phytochemicals for
animal production-a review. J. Anim. Health Prod. 2015, 3, 6–13. [CrossRef]

17. Kowalczyk, E.; Kopff, A.; Fijałkowski, P.; Kopff, M.; Niedworok, J.; Błaszczyk, J.; Kêdziora, J.; Tyślerowicz, P. Effect of anthocyanins
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