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Effects of dietary rosella and anise supplementation on growth performance,
carcass traits, meat quality, and immune response of Japanese quail
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ABSTRACT

Background: Medicinal herbs and other unconventional feed additives are increasingly being incorporated into poultry
nutrition strategies. Although originally investigated as alternatives to antibiotics, their application has expanded in
response to heightened consumer awareness, rising demand for healthy and organic animal products, and sustainability
concerns within animal production systems.

Aim: This study aimed to evaluate the effects of rosella and anise powder supplementation on growth performance,
carcass traits, meat quality, and immune response in Japanese quails during the growing period.

Methods: A total of 210 unsexed Japanese quail chicks were randomly assigned to seven experimental treatments: a
control group fed the basal diet; 0.5% rosella supplementation (R05); 1% rosella supplementation (R1); 0.5% anise
supplementation (A05); 1% anise supplementation (A1); 0.5% rosella + 0.5% anise supplementation (R0O5A05); and
1% rosella + 1% anise supplementation (R1A1). Each treatment consisted of three replicates, with 10 chicks per
replicate. Feed and water were provided ad libitum throughout the experimental period, which spanned from days 14
to 42 of age.

Results: Quails fed diets supplemented with 0.5% or 1% rosella or 1% anise exhibited significantly higher final
body weight and body weight gain than the control group. In contrast, feed intake and feed conversion ratio were not
affected by the treatments. Similarly, the relative weights of carcasses and internal organs, as well as meat quality traits,
were not affected by the addition of rosella or anise to the diet. The immune response, including the blood protein
profile, humoral immunity, and cellular immunity, was significantly enhanced in quails that received supplemented
experimental treatments.

Conclusion: Adding rosella and anise to Japanese quail diets may improve overall productivity and strengthen the
immune response.

Keywords: Anise and rosella, Carcass quality, Feed additives, Immunity, Poultry nutrition.

Introduction activity of these herbs is attributed to their phenolic
compounds, which can neutralize free radicals and
protect cells and DNA from oxidative damage (Yashin
etal., 2017). Furthermore, their growth-promoting role
is attributed to their ability to enhance feed palatability,
thereby stimulating increased feed intake (Windisch et
al., 2008). In addition, medicinal herbs may enhance
nutrient digestion rates by boosting the beneficial
intestinal microflora population (Peterson ef al., 2018).

Medicinal and aromatic plants have been recognized
for their therapeutic properties for approximately
5,000 years and have long been used in traditional
medicine (Inoue ef al., 2019). These plants synthesize
a diverse array of chemical compounds, known as
phytochemicals, whose biological effects, including
antioxidant, antibacterial, antifungal, anticancer,
and growth-promoting effects, as well as their

potential applications in disease treatment, have
been extensively investigated (Nwozo et al., 2023).
Recently, considerable research has focused on the
use of these plants as animal feed additives, serving
as alternatives to antibiotics, which were banned in
the European Union in 2006 (Castanon, 2007). The
mechanisms of action of their chemical compounds
remain largely unclear; however, several hypotheses
have provided insights into certain aspects of these
mechanisms (Zhang et al, 2019). The antioxidant

Beneficial bacteria indirectly support immune system
development by removing harmful bacteria from
the gut or by modifying the intestinal pH to create
unfavorable conditions for harmful bacterial growth
(Shinde and Deokar, 2024).

Rosella (Hibiscus sabdariffa) is a tropical shrub
cultivated worldwide and has been successfully used as
both a food and medicinal resource for both humans and
animals (Kokare et al., 2025). Rosella is characterized
by its high vitamin content, especially ascorbic acid,
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and flavonoid abundance, both of which function as
powerful antioxidants (Wong et al., 2002). Similarly,
anise (Pimpinella anisum) contains a range of bioactive
compounds, such as anethole, estragole, and essential
oils, which exhibit beneficial antioxidant (Gulcin et al.,
2003), antibacterial (Cabuk et al., 2006), and digestion-
stimulation properties (Al-Kassie, 2008).

Raw rosella seeds. Roselle (Hibiscus sabdariffa) is a
globally cultivated tropical plant valued for its high
carbohydrate content, dietary fiber, minerals, vitamins,
and diverse bioactive compounds (Kokare ef al., 2025).
This study aimed to assess the effects of dietary
supplementation with rosella and anise seed powders
on the growth performance, carcass traits, meat quality,
and immune response of Japanese quail.

Material and Methods

Bird species and experimental treatments

This study was conducted in the poultry laboratory
of the Small Animal Facility during the summer, in
September 2018. A total of 210 unsexed Japanese quail
chicks (14 days of age, 44.82 + 1.38 g initial body
weight (BW) were allocated to seven experimental
treatments. Each treatment included three replicates of
10 chicks per replicate (100 x 60 x 25 cm). The birds
were housed in cages, each measuring 80 x 30 x 25 cm.
The chicks were randomly assigned to the replicates
according to a completely randomized design. Roselle
and anise were obtained from local retail markets, dried,
and ground into powder, and gradually incorporated
during feed preparation for each group. These powders
were then added to the basal diet according to the
following experimental treatments: a control basal diet
without supplements (CON); a basal diet + 0.5% rosella
powder (R05); a basal diet + 1% rosella powder (R1);
a: basal diet + 0.5% anise powder (A05); a basal diet
+ 1% anise powder (Al); a basal diet + 0.5% rosella
powder + 0.5% anise powder (RO5A05); and a basal
diet + 1% rosella powder + 1% anise powder (R1A1).
The basal diet was mixed and formulated according to
the recommendations of the National Research Council
(NRC, 1994) to meet the nutritional requirements of
Japanese quail during the growth period. Table 1
presents the components and chemical composition of
the basal diet. Feed and water were provided ad libitum
throughout the 6-week experimental period. Birds
were reared under a lighting program of 23 hours of
light and 1 hour of darkness. The ambient temperature
was maintained at 27°C until the third week and then
reduced to 24°C from the fourth week onward.
Measured traits

Performance

Body weight gain (BWG) and feed intake were
recorded weekly to measure productive performance.
The feed conversion ratio was calculated weekly as the
ratio of feed intake to BWG. The final BW was noted
at the end of the sixth week.

Carecass traits

At week 6, the birds were fasted for 12 hours, after
which five birds from each group were randomly
selected to measure carcass characteristics (carcass
weight [%], heart weight [%], liver weight [%], and
gizzard weight [%]). Birds were weighed before
slaughter, and the relative weights of the hot carcass,
heart, liver, and gizzard were recorded.

Following the protocol of Doty and Pierce (1961), 10
g of minced meat (a blend of breast and thigh muscles)
was placed in a small cup containing 20 ml of distilled
water. The mixture was stirred thoroughly and left
to sit for approximately 15 minutes. The meat’s pH
was then measured using a glass electrode pH meter.
Meat tenderness and water-holding capacity (WHC)
were measured according to Grau and Hamm (1954)
and Bertoloni et al. (2006) and modified according to
Volovinskaia and Merkolova (1958) and Ahaotu ef al.
(2013). A 0.3-g sample of minced meat was placed on
Whatman No. 41 ashless filter paper and pressed for 10
minutes using a weight of 1 kg. Two distinct zones were
formed on the filter paper: the first zone, resulting from
the applied pressure, was used to assess meat tenderness

Table 1. Ingredients and chemical composition of the
experimental basal diet.

Component Percentage (%)
Corn (8.5%) 52.30
Soybean meal (44%) 32.00
Protein concentrate (50%) 9.00
Dicalcium phosphate 0.20
Limestone 1.70
Sunflower oil 0.80
Premix' (vitamins and minerals) 0.50
Di-methionine 0.7
Methionine + cysteine 0.9
L-lysine 1.40
Salt (sodium chloride) 0.50
Total 100
Analyzed chemical composition?

Crude Protein 24.05
Metabolizable energy (kcal/kg) 2907.10
Crude Fat 2.44
Crude Fiber 3.63

'premix (vitamins and minerals) Each 1 kg consists of vitamin A,
3,600,000 U; vitamin D3, 800,000 U; vitamin E, 7,200 U; vitamin
K3, 800 mg; thiamine, 720 mg; riboflavin, 2,640 mg; calcium
pantothenate, 4,000 mg; niacin, 12,000 mg; pyridoxine, 1,200 mg;
folic acid, 400 mg; vitamin B12, 6 mg; biotin, 40 mg; and choline,
100,000 mg. Contents per kilogram: Mn, 39,680 mg; Fe, 20,000
mg; Zn, 33,880 mg; Cu, 4,000 mg; I, 400 mg; and Se, 80 mg.
’Calculated according to the NRC (1994).
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by measuring its area (cm?) using a manual planimeter;
the second zone, formed due to water absorption by the
filter paper, was measured to evaluate the WHC (cm?).
Meat color was determined using a spectrophotometer
(Shimadzu UV160A, manufactured in Japan) based on
the intensity of the fresh meat extract (Yamazake and T,
1981; and Kirrella et al., 2023).

Immune response

Individual blood samples were collected from five
birds in each treatment group at 6 weeks of age via
the jugular vein at the end of the experiment. Serum
samples were prepared for 15 minutes to analyze total
protein. Colorimetric concentration test (Henry, 1964;
Ahmed and Shaarawy, 2019); albumin (color intensity
with bromocresol green dye; Doumas et al., 1971; and
Venkatesh and Ramana, 2025); globulin (subtracting
the albumin ratio from the total serum protein; Coles
and East, 1974); humoral immune response (according
to Micini et al., 1965), and cell-mediated immune
response (foot web index (FWI) according to Cheng
and Lamont, 1988; Smits et al., 1999).

Statistical analysis

This study was conducted using a completely
randomized design. Samples were collected in
accordance with Cohen’s (1988) methodology. Data
were statistically analyzed by one-way analysis of
variance, and significant differences among means
were determined using Duncan’s Multiple Range
Test at a significance level of p < 0.05. All statistical
analyses were performed using the Statistical Package
for the Social Sciences software (version 16; Chicago,
IL). The results are presented as mean =+ standard error.
Ethical approval

The Graduate School of the University of Tripoli,
Faculty of Agriculture, Department of Animal
Production, approved this study. All animal welfare
protocols were followed.

Results

Performance

Table 2 displays the mean values of production
performance parameters during the growth period,
from 2 to 6 weeks of age. No statistically significant
differences were observed in the initial BW among
treatments, indicating the appropriateness of the
random distribution of birds across the treatments.
Significant differences (p < 0.05) were observed in the
final BW for treatments R05, R1, and A1 compared with
the control, with increases of 6.9%, 8.4%, and 7.9%,
respectively. In contrast, despite a numerical increase,
birds in treatments A05, RO5A05, and R1A1 did not
exhibit significant differences in final BW relative to
the control. BWG from 2 to 6 weeks was heightened
(p <0.01) in RO5, R1, A0S, and A1, with mean gains
of 176.75, 179.75, 173.90, and 178.85 g, respectively,
compared with 152.27 g in the control group. The
highest BWG (10.8%) was observed in R1, whereas the
lowest BWG (7.2%) was observed in AO5. Feed intake
did not significantly differ between the supplemented
and control groups, although considerable differences
(p < 0.05) were observed between the experimental
treatments. The highest feed intake rate was observed
in the R1 group, with an average of 538.25 g/bird,
contrasting with the A05 group, which had an average
of 520.23 g/bird. No significant differences in the feed
conversion ratio were observed across experimental
treatments, with slight numerical improvements noted
in A0S and Al.

Carcass and meat quality

Table 3 shows thatincorporating varying levels ofrosella
and anise in the diets of Japanese quails up to 6 weeks of
age did not produce any statistically significant changes
in relative carcass weight. Similarly, these dietary
additives had no notable impact, positive or negative,
on the relative weights of the heart, liver, and gizzard.
Regarding carcass quality traits, supplementation with

Table 2. Effect of rosella and anise supplementation on the performance of Japanese quails.

Treatments Initial BW Final BW BWG Feed intake Feed conversion ratio
CON 44.94 +1.50 207.21° £ 5.66 162.27°+5.48 529.24%¢ + 1.88 3.26 £ 0.06

RO5 44.87 + 1.41 221.62* +3.47 176.75* + 3.45 535.37% +2.84 3.04 £ 0.02

R1 44.82 +1.37 224.68*+4.18 179.86* + 3.83 538.25*+4.18 3.01 £0.02

A05 44.79 +1.38 218.69% £+ 3.80 173.90* £ 3.55 520.23°+4.87 2.99 +0.05

Al 44.81 +1.40 223.66* + 3.47 178.854+2.83 525.32%+ 1.53 2.96 £ 0.04
RO5A05 44.76 +1.39 213.96" + 4.14 169.20% + 3.61 525.37*+4.43 3.00+£0.12
RIAl 44,78 £ 1.35 215.51®+3.48 170.73% +2.99 523.96°+2.54 3.09 +0.08
p-value 1.00 0.03 0.01 0.02 0.07

a, b, c: means that the shares of at least one letter within a column are not significantly different. (Mean + SEM). CON: a control basal diet
without supplements; R05: a basal diet + 0.5% anise powder; R1: a basal diet + 1% rosella powder; A05: a basal diet + 0.5% anise powder; Al:
a basal diet + 1% anise powder; RO5A05: a basal diet + 0.5% rosella powder + 0.5% anise powder; R1A1: a basal diet + 1% rosella powder + 1%

anise powder.
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rosella, anise, or their combination at different inclusion
rates did not significantly affect meat pH, WHC, or
color when compared to the control treatment (Table
4). However, a significant decrease in meat tenderness
(p <0.05) was observed in ROSA05 (2.37 cm?), which
was notably lower than the control average (4.27 cm?).
No other treatments showed significant differences in
tenderness.

Immune response

Table 5 presents the effects of rosella and anise
supplementation on the lymphoid organs of Japanese
quails. Overall, the supplements had no significant
effect on the weights of the spleen, bursa of Fabricius,
and thymus. Addition of rosella and anise to the diet led
to an increase (p < 0.01) in the average level of total
blood protein (g/dl) compared with the control group
(Fig. 1). Groups R1, A1, RO5A05, and R1A1 exhibited
higher total blood protein concentrations than the other
experimental groups (p < 0.001). Birds that consumed
R1, Al, or R1A1 had higher serum levels of both
albumin and (p <0.001). The data suggest that the blood

protein levels of Japanese quail increase in response
to increasing concentrations of rosella or anise in their
diet in all groups. The most pronounced effect was
observed in R1AT1. Figures 2 and 3 show the humoral
immune response [serum Immunoglobulin G (IgG)
and Immunoglobulin M (IgM) levels], suggesting that
both rosella and anise stimulated the humoral immune
response (p <0.001). Treatments A1 and R1A1 showed
the highest IgG values (328.2 and 328.67 mg/dl,
respectively), whereas R1A1 recorded the highest IgM
(27.51 mg/dl), which was statistically different from
that of the control group (17.59 mg/dl). The FWI test
demonstrated a marked increase in cellular immunity,
ranging from 33.33% to 61.9% above the control group
(Fig. 4). The A1, RO5A05, and R1A1 groups exhibited
the highest immune activation, with R1A1 showing the
highest levels of 1gG, IgM, and FWI.

Discussion

The results indicated a significant increase in final BW
and BWG with no significant changes in FIR and feed

Table 3. Effect of rosella and anise supplementation on the weight of the carcass and internal organs of Japanese quails.

Treatments Preslaughter Carcass weight Heart weight Liver weight Gizzard weight
weight (g) (%) (%) (%) (%)

CON 176.60 + 3.69 70.22 +0.39 0.94 +0.06 2.09 +0.11 2.51+0.10

ROS 187.96 + 6.41 70.64 +0.58 0.96 +0.03 2.16+0.11 2.47 +0.09

R1 180.81 £2.90 70.15+0.21 0.88 +0.04 1.99+£0.14 2.57+0.17

A05 182.02 +£5.82 71.99 £ 0.30 0.88 +0.01 1.88 +0.08 2.54+0.21

Al 181.62 +5.08 71.16 £ 0.56 0.93 +0.06 1.93+£0.14 2.34+0.15

RO5SA05 183.24 +5.65 70.73 £ 0.20 0.86 +0.03 2.03+0.14 248 +£0.14

RIA1 186.24 + 6.92 70.29 +0.36 0.91+0.02 2.01+0.10 2.27+0.04

p value 0.808 0.503 0.597 0.718 0.715

(Mean = SEM). CON: a control basal diet without supplements; R05: a basal diet + 0.5% anise powder; R1: a basal diet + 1% rosella
powder; A0S: a basal diet + 0.5% anise powder; Al: a basal diet + 1% anise powder; RO5A05: a basal diet + 0.5% rosella powder +

0.5% anise powder; R1A1: a basal diet + 1% rosella powder + 1% anise powder.

Table 4. Effect of rosella and anise supplementation on the meat quality of Japanese quails.

Treatments pH WHC (cm?) Tenderness (cm?) Color
CON 6.31+£0.30 5.11+0.48 427+ 0.68 0.220 + 0.009
ROS5 6.57+0.28 4.50+0.51 4.28*+0.36 0.215 +£0.003
R1 6.71 £0.31 4.41 +0.69 3.75*+0.22 0.217+£0.013
A05 6.64 +0.22 4.68 £ 0.56 3.45%+0.31 0.220 + 0.002
Al 6.60 = 0.23 6.06 = 0.64 3.56*+0.28 0.217+0.003
RO5A05 6.11 £0.04 6.24 +0.37 2.37°+£0.20 0.219+£0.015
RIAl 6.13+£0.07 5.39+0.39 3.36®+0.18 0.218 £ 0.004
p value 0.32 0.15 0.03 0.98

a, b, c: means that the shares of at least one letter within a column are not significantly different. (Mean + SEM). CON: a control basal
diet without supplements; R05: a basal diet + 0.5% anise powder; R1: a basal diet + 1% rosella powder; A05: a basal diet + 0.5% anise
powder; Al: a basal diet + 1% anise powder; RO5A05: a basal diet + 0.5% rosella powder + 0.5% anise powder; R1A1: a basal diet +

1% rosella powder + 1% anise powder.
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Table 5. Effect of rosella and anise supplementation on the lymphoid organs of Japanese quails.

Treatments Preslaughter weight (g) Spleen weight (%) Bursa weight (%) Thymus gland weight (%)
CON 176.60 + 3.69 0.06 +0.03 0.12+0.01 0.16 £ 0.04

ROS 187.96 £ 6.41 0.08 £ 0.01 0.12+0.01 0.15 +0.03

R1 180.81 +2.90 0.09 +0.02 0.10 +£0.01 0.17 £ 0.05

A05 182.02 + 5.82 0.08 +£0.02 0.12+0.01 0.16 £ 0.03

Al 181.62 +5.08 0.07 +£0.02 0.11 £0.01 0.16 +£0.02
RO5A05 183.24 +5.65 0.07 £0.01 0.12+0.01 0.20 +0.03

RI1A1L 186.24 +6.92 0.07 £0.01 0.11 £0.01 0.21 £0.04

p value 0.808 0.963 0.842 0.526

(Mean = SEM). CON: a control basal diet without supplements; R05: a basal diet + 0.5% anise powder; R1: a basal diet + 1% rosella powder;
A05: a basal diet + 0.5% anise powder; Al: a basal diet + 1% anise powder; ROSA05: a basal diet + 0.5% rosella powder + 0.5% anise powder;

R1AT1: a basal diet + 1% rosella powder + 1% anise powder.

6.00

5.50

5.00

CON RO5 R1 AO5 Al RO5A05 R1A1

Treatment

— albumin

total blood protein _ = = = = globulin

Fig. 1. Effect of rosella and anise supplementation on total protein, albumin, and globulin levels in the blood of
Japanese quails at 6 weeks of age. a, b, c: Means sharing at least one letter do not differ significantly in the line
graph for total protein and albumin (p < 0.01) and for globulin (p < 0.05). CON: a control basal diet without
supplements; R05: a basal diet + 0.5% anise powder; R1: a basal diet + 1% rosella powder; A05: a basal diet +
0.5% anise powder; Al: a basal diet + 1% anise powder; RO5A05: a basal diet + 0.5% rosella powder + 0.5% anise
powder; R1A1: a basal diet + 1% rosella powder + 1% anise powder.
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conversion ratio. Rosella and anise inclusion in poultry
diets may improve growth performance according to
published literature (Eltazi and S, 2014; Najm and
al-Hilali, 2017; Mahmoud et al., 2024; Fayed et al.,
2025). According to Hernandez et al. (2004), this
enhancement in growth performance may be attributed
to the growth-promoting active compounds in anise
seeds or to the increased activity of pancreatic enzymes,
which facilitate digestion and nutrient absorption. The

high ascorbic acid content of rosella improves all cell
activities and increases oxygen consumption, which
may act as a stimulant for the thyroid gland, a vital
organ for metabolism (Hamodi and Al-Khalain, 2011).
This, in turn, can improve intestinal flora and enhance
nutrient absorption (Mazza and Miniti, 1993). This may
be the key factor for the improved BW and cumulative
weight gain over 6 weeks in the experiment.
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R1A1

RO5A05
RO5: a basal diet + 0.5% anise

a basal diet + 0.5% anise powder; Al: a basal diet + 1%

5% rosella powder + 0.5% anise powder; R1A1: a basal diet + 1% rosella

Al
that anise seeds had no significant impact on carcass

those of Hamodi and Alkhilani (2011), who found
parts, and Nasrawi (2013), who reported that adding
rosella did not significantly affect the edible internal

A0S
Treatment

R1
Means sharing at least one common letter within the same column do not

and gizzard

]

< 0.001). CON: a control basal diet without supplements;

a basal diet + 1% rosella powder; A05:

Japanese quails. These findings align with

Fig. 3. Effect of rosella and anise supplementation on the level of immunoglobulin (IgM) in the blood of Japanese

quails at 6 weeks of age. a, b, ¢, and d
differ significantly (p

powder; R1
anise powder; ROSAO0S: a basal diet + 0.

powder + 1% anise powder.

Our results revealed no significant changes in the
anise in

relative weight of the carcass, liver, heart
as a result of supplemental feeding with rosella and
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Fig. 4. Effect of rosella and anise supplementation on the level of cellular immunity (FWI) in the blood of
Japanese quails at 6 weeks of age. a, b, c: Means sharing at least one common letter within the same column
do not differ significantly (» < 0.001). CON: a control basal diet without supplements; R05: a basal diet + 0.5%
anise powder; R1: a basal diet + 1% rosella powder; A05: a basal diet + 0.5% anise powder; Al: a basal diet + 1%
anise powder; ROSA0S: a basal diet + 0.5% rosella powder + 0.5% anise powder; R1A1: a basal diet + 1% rosella

powder + 1% anise powder.

organs (heart, liver, and gizzards). More recently,
Mahmoud et al. (2024) reported that adding a 10%
concentration did not affect the dressed carcass and
internal organs. Conversely, some studies have shown
significant improvements in carcass weights, carcass
cuts, and certain edible organs when poultry are fed
rosella and anise (Seleem et al., 2008; Omolade et al.,
2015). Supplementing Japanese quails with rosella
and anise generally had no statistically significant
effect on pH, WHC, meat tenderness, or color, except
for the RO5SA0S5 treatment, which markedly decreased
meat tenderness. Al-Nassiri and Hasan (2022) found
that the inclusion of rosella at different levels (0.5%,
0.6%, 0.7%, and 0.8%) in broiler feed increased meat
pH and decreased meat moisture, which negatively
affected meat tenderness. In addition, Hemati et al.
(2020) reported that the addition of anise extract (200
mg/kg) resulted in a significant increase in WHC,
without affecting the broiler meat pH. Supplemental
feeding of rosella at levels of 0.5%, 0.6%, 0.7%, and
0.8% did not affect the WHC of broiler meat, except
for the group that consumed 0.5% rosella, which
showed a significant increase (Al-Nassiri and Hasan,
2022). Such discrepancies in findings may be attributed
to variations in administered dosages, differences in
bird species and age, or fluctuations in environmental
conditions and husbandry practices employed across
studies.

The immune response is a key indicator of bird health
and is evaluated through various methods, such

as measuring humoral and cellular immunity and
weighing major lymphoid organs. Although the weight
of lymphoid organs showed no significant changes in
this trial, indicating neutral dietary effects of rosella
and anise, an enhanced immune response was observed
in birds fed hibiscus and anise. Similarly, Ben Naser
et al. (2023) reported that feeding broiler chickens
with clove buds did not affect the lymphoid organs
but improved cell-mediated immunity. In addition,
Csernus et al. (2020) found that anthocyanins did not
affect spleen weight. Similarly, Amer et al. (2022)
reported that the relative weights of the immune organs
(spleen and bursa of Fabricius) were unaffected by
anthocyanin-rich rosella extract supplements. Our study
agrees with Al-Shammari et al. (2017), who reported
an increase in the levels of total protein, albumin, and
globulin in the blood of broiler chickens fed with anise
aqueous extract on days 28 and 56. Similarly, Amer
et al. (2022) concluded that a diet supplemented with
anthocyanin-rich hibiscus extract led to an increase
in total protein levels in the blood serum of broiler
chickens. The increase in total protein, albumin, and
globulin levels may be due to the effect of vitamin
C-rich rosella in increasing the basal metabolic rate by
stimulating cell activity, the thyroid gland, and oxygen
consumption (Hamodi and Al-Khalain, 2011), and to
the effect of anise in increasing the rates of digestion
and absorption by increasing the activity of pancreatic
juice (Hernandez et al., 2004). According to Tyler et
al. (1996), 1gG concentrations increase with increasing
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serum total protein concentrations, which is consistent
with the results of this study. Craig (1999) reported that
many medicinal and aromatic herbs, including rosella,
can stimulate the immune system. According to Guo
(2003), some components of medicinal and aromatic
plants could improve the physical conditions of the
intestinal ecosystem and enhance immune function
in chicks. Park et al. (2011) also noted an increase in
the number of immune cells in the thymus, spleen,
and bursa of Fabricius. In addition, Amer et al. (2022)
reported a significant increase in IgG antibody levels
in the spleen, indicating an enhancement of humoral
immunity. A remarkable increase in lysozyme,
interleukin-10, and complement component (C3) levels
was also observed in the serum of broiler chickens
treated with rosella extract. Silybum marianum
improved cellular immunity (the highest wing-web
thickness of birds received 9% of Silybum marianum
in the diet) in broilers (Shahsavan et al., 2021), ginger
at levels up to 0.75% boosted cell-mediated immunity,
as measured by the FWI in broilers (Dosu and G, 2021),
herbal blend enhanced humoral immunity (IgY and
IgA) and cellular immunity (FWI) in broilers (Chaple,
2023), and herbal mixture enhanced humoral immunity
(IGY) and cellular immunity (PHA-P thickness and
DNCB thickness) in broilers (Alizadeh-Ghamsari et
al., 2025). The beneficial properties of medicinal and
aromatic plants for improving cellular and biochemical
parameters of the blood, stimulating resistance to
various stress factors, and improving performance and
growth may result from the enhancement of biological
processes, metabolism, and utilization by powders
and extracts of such plants. Optimal nutrients for the
digestive system (Obianwuna et al., 2024).

Conclusion

In conclusion, this study shows that supplementing
with 1% rosella or anise significantly boosted the final
weight and total weight gain in the groups administered
these supplements, without affecting the feed intake or
feed conversion ratio. Internal organ weights (heart,
liver, and gizzard) and meat quality were unaffected
by the supplements. A notable enhancement in immune
response was evident, with higher IgG and IgM
antibody levels and improved cellular immunity. Blood
protein, albumin, and globulin levels also increased,
indicating an immune boost, whereas lymphoid organ
weights remained unchanged. Overall, adding rosella
and anise at 1%, or their combination at 0.5% and
1%, to the diet of 6-week-old Japanese quail led to
meaningful gains in growth and immune function with
minimal downsides.
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