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ABSTRACT

Seaweed provides macro-, micro-nutrients, and biological bioactive components that may improve
broiler production. The study aimed to evaluate the effects of various levels of brown seaweed (BS)
and green seaweed (GS) on growth performance, carcass characteristics, apparent ileal digestibility
(AID), and hepatic growth and nutrient transporter gene expressions. The study followed a completely
randomized design (CRD) (twelve treatments, six replicates, and seven birds per replicate). The dietary
treatments contained: basal diet [negative control (NC)], basal diet + vitamin E (100 mg/kg feed)
[positive control (PC)], basal diet + 0.25%, 0.50%, 0.75%, 1.0%, and 1.25% BS and GS, respectively. The
data were analyzed using the General Linear Model (GLM) of the statistical analysis system (SAS
9.4) by one-way ANOVA. Duncan’s Multiple Range Test was used to assess the significant differences
between treatment groups at p<0.05. Various levels of BS and GS (p<0.05) improved body weight (BW),
body weight gain (BWG), and feed intake (FI) at the starter phase. No significant effects were observed
in the carcass characteristics. The AID of crude protein (CP), organic matter (OM), and dry matter
(DM) during the starter phase were significantly improved. The hepatic growth hormone receptor
(GHR) gene had increased expression in birds fed 0.50% and 0.75% of GS-contained diets. Similarly,
birds fed 0.50% of BS and 0.25%, 0.50%, and 0.75% of GS had higher (p<0.05) expression of the hepatic
Insulin-like growth factor-1 (IGF-1) gene. Furthermore, there were no significant effects on the
intestinal nutrient transporters genes, including aminopeptidase (APN), glucose transporter (SGLT5),
and oligopeptide transporter (PepT1) at the jejunum tissue. It was therefore concluded that different
levels of BS and GS in the broiler chickens’ diet improved the starter period growth performance and
nutrient digestibility.
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updates

digestibility
INTRODUCTION alkaloids, dietary fibers, and proteins (Garcia-Vaquero
& Hayes, 2016; Diyana et al., 2019; Corino et al., 2019).
The aquatic environment provides several However, the composition of seaweed varies from

useful food and feed components, such as seaweed
(Bonos et al., 2017). Seaweed is a type of marine, non-
flowering, photosynthetic macroalgae found in the
streaming sections of seas, oceans, and rivers (Rao ef
al., 2018). Seaweed is divided into three groups: brown
seaweed, green seaweed, and red seaweed, which are
scientifically distinguished based on their colors (Hayes,
2012). Marine algae have recently gained popularity
as a source of nutrients and bioactive components
(Cherry et al., 2019). Seaweed has a variety of biological
bioactive components, including essential fatty acids,
vitamins, polyphenols, carotenoids, phenolics, sterols,
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species to species. Furthermore, processing methods
and environmental parameters may also significantly
affect seaweed’s chemical composition (Azizi et al.,
2021a). In a previous study, the vitamin E and C
contents of four seaweed species including Porphyra
umbilicalis, Laminaria spp., Palmaria palmata, and
Himanthalia elongata ranged from 0.17 to 2.24 mg/100 g
and 0.61 to 46.66 mg/100 g, respectively. Among the
examined seaweed species, Laminaria spp. recorded the
highest fucoxanthin content, and Himanthalia elongata
recorded the highest polyphenolic content (Ferraces-
Casais et al., 2012). In another study, the fucoidan,
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mannitol, and laminarin contents of Ascophyllum nodosum
were 11.6 g/100 g, 7.5 g/100 g, and 4.5 g/100 g on a dry
weight basis, respectively (MacArtain ef al., 2007). In
terms of the proximate composition, the BS and GS
contained 59.8% and 55.88% CP, 5.78% and 5.19% crude
fiber (CF), 1.28% and 0.30% ether extract (EE), 9.7% and
9.14% ash contents, and 29.19% and 34.68% carbohydrate,
respectively (Azizi et al., 2021a).

Seaweed or its components have been offered to
animals in order to enhance their growth performances
(Kim, 2011). Innovative extraction technology, sustainable
supply, effective drying and processing techniques,
and safe usage make seaweed a valuable agricultural
product for livestock nutrition (Garcia-Vaquero & Hayes,
2016; Azizi et al., 2023). Literature shows that seaweed
can improve poultry growth performances (Andri ef al.,
2020). The growth-promoting effects of seaweed might be
attributed to the availability of soluble fibers and essential
sulfur-containing amino acids such as methionine and
cysteine (Abudabos et al., 2013; Kulshreshtha ef al., 2020).
The improvement in growth performance might also be
due to the feed supplemented with seaweed providing
amounts of fatty acids and minerals necessary for birds’
growth compared to the basic feed (Sadh et al., 2018).
The poultry industry also may consider using dietary
seaweed supplements as a feed addition for broilers
(Balasubramanian et al., 2021). Generally, broiler chicken
feed is formulated based on nutrient digestibility and
absorption (Loh, 2017). However, utmost seaweed species
have little digestible protein for being a suitable protein
source for livestock (Dverland et al., 2019).

It has been extensively documented that
seaweed contains various bioactive compounds such
as carotenoids, phenolics, sterols, alkaloids, and
polysaccharides that have been investigated for their
health and growth-promoting benefits (Matanjun et
al., 2008; El-Deek et al., 2011; Peng et al., 2011; Qverland
et al., 2019; Kidgell et al., 2019; Corino et al., 2019). In
contrast, there is still a lack of published data to describe
the effects of seaweed on broiler growth and production
performance. Thus, the objectives of this study were to
investigate the effects of different levels of brown and
green seaweed on growth performance, hepatic growth
gene expression, carcass characteristics, apparent ileal
digestibility, and nutrient transporter gene expression in
broiler chickens.

MATERIALS AND METHODS

This manuscript is part of a wider research using the
same animal husbandry and dietary treatments, whereas
a part of this research has already been published (Azizi
et al., 2023).

Animal Ethics

The research was conducted at the Poultry Unit,
Department of Animal Science, Universiti Putra Malaysia
(UPM), according to the protocol approved by the
Institutional Animal Care and Use Committee (IACUC)
(UPM/IACUC/AUP-R093/2019).

334  September 2024

Animals and Husbandry

A total of 504 one-day-old male broiler chickens
(Cobb 500) were obtained from a local hatchery, individu-
ally labeled, weighed, and randomly assigned into twelve
treatment groups. Each group had six replicates, while
each replicate had seven birds.

The rearing conditions followed commercial
recommendations for Cobb 500. Birds were raised in a
commercial closed house equipped with a penning cage
system (120 x 120 cm in length x width) with plastic mesh
flooring. The house temperature was set at 32 + 1 °C on
day 1. Afterward, the temperature gradually reduced to
about 24 + 1 °C until 10 and was maintained until day 42.
The Newcastle disease and infectious bronchitis disease
(ND-IB) vaccination was performed with eye drops on
7 and 21 days. Meanwhile, the infectious bursal disease
(IBD) vaccine was administered on day 14 with eye drops.

Dietary Treatments

The seaweed was provided by Promise Earth (M)
Sdn. Bhd., a biotechnology company (Selangor 42600,
Malaysia). The dietary treatments were as follows; PC=
positive control (basal diet + vitamin E, 100 mg/kg feed),
NC= negative control (basal diet), BS 0.25= basal diet +
0.25% BS, BS 0.50= basal diet + 0.50% BS, BS 0.75= basal
diet + 0.75% BS, BS 1= basal diet + 1% BS, BS 1.25= basal
diet + 1.25% BS, GS 0.25= basal diet + 0.25% GS, GS 0.50=
basal diet + 0.50% GS, GS 0.75= basal diet + 0.75% GS, GS
1= basal diet + 1% GS, GS 1.25= basal diet + 1.25% GS. As
stated earlier, this manuscript is part of a wider research
in which the PC group was considered to study the
antioxidants-related parameters (Azizi et al., 2023). The
birds were fed the diets for the starter period (Table 1)
and finisher period (Table 2) from days 0 through 21 and
22 through 42, respectively. Diets were formulated based
on the Cobb 500 nutritional requirements (NRC, 1994)
using the FeedLIVE software (FeedLIVE 1.60, Mueang
Nonthaburi, Thailand).

Performance Measurement and Sampling

The initial body weight (IBW) of chicks was re-
corded on the first day of the feeding trial. Afterwards,
the individual body weight (BW) of birds, feed offered,
and refusal per replicate (pen) were recorded weekly for
the determination of feed intake (FI), body weight gain
(BWG), and feed conversion ratio (FCR). The production
efficiency was measured through the European broiler
index (EBI) (Marcu et al., 2013). The BWG, FI, FCR, and
EBI were calculated as follows:

BWG= current week’s weight - former week’s weight
FI/bird= [(weight of given feed - weight of excess feed)] /
number of birds
FCR= total feed intake / total weight gained
EBI= [average daily gain (ADG) (g) x survival rate (%)] /
(FCR % 10)

At week three, six birds were randomly selected
from each treatment (one bird per replicate) for the ileal
digesta collection. At the end of the feeding trial, six birds
were randomly selected from each treatment (one bird
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Table 1. Ingredient composition of the starter period (days 1-22) diet of broiler chickens

Dietary treatments’

Ingredients (%)

NC PC BS025 BS0.50 BS0.75 BS1 BS125 GS025 GS050 GS075 GS1 GS1.25
Corn 46.0 46.0 46.0 46.0 46.0 46.0 46.0 46.0 46.0 46.0 46.0 46.0
Soybean meal 40.0 40.0 39.8 39.5 393 39.0 38.8 39.8 39.5 39.3 39.0 38.8
Wheat pollard 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0
Palm oil 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0
L-Lysine? 0.20 0.20 0.20 0.20 0.20 0.20 0.20 0.20 0.20 0.20 0.20 0.20
DL-Methionine® 0.40 0.40 0.40 0.40 0.40 0.40 0.40 0.40 0.40 0.40 0.40 0.40
DCp* 2.60 2.60 2.60 2.60 2.60 2.60 2.60 2.60 2.60 2.60 2.60 2.60
Calcium carbonate 0.80 0.80 0.80 0.80 0.80 0.80 0.80 0.80 0.80 0.80 0.80 0.80
Choline chloride 0.20 0.20 0.20 0.20 0.20 0.20 0.20 0.20 0.20 0.20 0.20 0.20
Salt 0.30 0.30 0.30 0.30 0.30 0.30 0.30 0.30 0.30 0.30 0.30 0.30
Mineral mix® 0.15 0.15 0.15 0.15 0.15 0.15 0.15 0.15 0.15 0.15 0.15 0.15
Vitamin mix® 0.15 0.15 0.15 0.15 0.15 0.15 0.15 0.15 0.15 0.15 0.15 0.15
Antioxidants 0.10 0.10 0.10 0.10 0.10 0.10 0.10 0.10 0.10 0.10 0.10 0.10
Toxin binder 0.10 0.10 0.10 0.10 0.10 0.10 0.10 0.10 0.10 0.10 0.10 0.10
Seaweed - - 0.25 0.50 0.75 1.00 1.25 0.25 0.50 0.75 1.00 1.25
Vitamin E - 0.01 - - - - - - - - - -
Total 100 100 100 100 100 100 100 100 100 100 100 100
Calculated analysis’
ME (kcal/kg)® 3040.16  3039.86 3041.02 3041.88 3042.74 3043.60 3044.46 3040.74 3041.31 3041.89 304248 3043.04
Protein 21.95 21.95 21.94 21.91 21.90 21.89 21.87 21.93 21.90 21.87 21.85 21.82
Fat 5.98 5.98 5.98 5.98 5.98 5.98 5.98 5.98 5.98 5.98 5.97 5.97
Fiber 4.34 4.34 4.33 4.31 4.31 4.29 4.28 4.32 4.31 4.30 4.29 4.28
Calcium 0.83 0.83 0.83 0.83 0.83 0.83 0.83 0.83 0.83 0.83 0.83 0.83
Total phosphorous 1.01 1.01 1.01 1.01 1.01 1.00 1.00 1.01 1.01 1.00 1.00 1.00
Available phosphorus  0.50 0.50 0.50 0.50 0.50 0.50 0.50 0.50 0.50 0.50 0.50 0.50

Note: 'Dietary treatments: NC (negative control) = basal diet, PC (positive control) = basal diet + vitamin E (100 mg/kg feed), BS 0.25 = basal diet + 0.25%
brown seaweed, BS 0.50 = basal diet + 0.50% brown seaweed, BS 0.75 = basal diet + 0.75% brown seaweed, BS 1 = basal diet + 1% brown seaweed,
BS 1.25 = basal diet + 1.25% brown seaweed, GS 0.25 = basal diet + 0.25% green seaweed, GS 0.50 = basal diet + 0.50% green seaweed, GS 0.75 = basal
diet + 0.75% green seaweed, GS 1 = basal diet + 1% green seaweed, GS 1.25 = basal diet + 1.25% green seaweed. 2L-Lysine 78.8% (minimum). *DL-
Methionine 99%. “Dicalcium phosphate. *Mineral mix provided per kilogram of product (Mineral mix): Selenium 0.20 g; iron 80.0 g; manganese
100.0 g; zinc 80.0 g; copper 15.0 g; potassium 4.0 g; sodium 1.50 g; iodine 1.0 g and cobalt 0.25 g. ®Vitamin premix provided per kilogram of product
(Vitamin premix): Vitamin A 35.0 MIU; vitamin D3 9.0 MIU; vitamin E 90.0 g; vitamin K3 6.0 g; vitamin B1 7.0 g; vitamin B2 22.0 g; vitamin B6 12.0
g; vitamin B12 0.070 g; pantothenic acid 35.0 g; nicotinic acid 120.0 g; folic acid 3.0 g; biotin 300.000 mg; phytase 25000.0 FTU cobalamin 0.05 mg;
thiamine 1.43 mg; riboflavin 3.44 mg; folic acid 0.56 mg; biotin 0.05 mg; pantothenic acid 6.46 mg; niacin 40.17 mg and pyridoxine 2.29 mg. "The diets

were formulated using Feed LIVE software. 8Metabolizable energy.

per replication) for carcass characteristics and another six
birds for collecting ileal digesta, liver tissue, and jejunum
tissue. Birds were euthanized by cervical dislocation and
the ileal digesta was collected from Meckel’s diverticulum
at 1 cm before the ileocecal junction for the apparent ileal
digestibility (AID) analysis. In addition, tissue samples
from the liver and jejunum were taken, frozen in liquid
nitrogen, and kept at -80 °C for gene expression analysis.

Carcass Characteristics and Internal Organs Weight

After bleeding, the birds (one bird per replication)
were scalded, de-feathered, and weighed as hot carcasses
for the carcass characteristics. The carcass was cut into
different parts and weighed accordingly. The carcass was
cut with breast, thigh, drumstick, and back. The internal
organs were removed and evaluated. The carcass parts
and viscera weights were presented as a percentage based
on the following equation:

Carcass yield (%)= (carcass weight / live body weight) x
100

Apparent Ileal Digestibility of Nutrients

The titanium dioxide (TiO,) at 0.3% level was added
to the feed during the end of the starter period (17 to 21

days) and finisher period (38 to 42 days) as an indigest-
ible marker to calculate the AID of nutrients. Proximate
analysis of feed and digesta was performed as described
in the Association of Official Analytical Chemistry
(AOAC, 1995).

The TiO, was determined based on the method
described by Short et al. (1996). The samples were ashed
at 580 °C for 13 h, and the ash was then digested in 7.4
M sulfuric acid and topped up to 100 mL with distilled
water. Standard solutions of TiO, were prepared, and
the absorbance of samples and standards were mea-
sured using a spectrophotometer at 410 nm wavelength
(Thermo  Scientific™  Multiskan™ GO  Microplate
Spectrophotometer, USA).

RNA Extraction, Reverse Transcription, and Polymerase
Chain Reaction

About 30 mg of finely powdered tissue samples
were used for the RNA extraction. The RNA was ex-
tracted following the manufacturer’s instructions using
the Nucleo-Spin® RNA Plus kit (MACHEREY-NAGEL,
Allentown, USA). First, the gDNA was removed through
the lysate filtration using a NucleoSpin® gDNA Removal
Column (MACHEREY-NAGEL, Allentown, USA). Next,
the RNA was purified using a Nucle-oSpin® RNA Plus
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Table 2. Ingredient composition of the finisher period (days 22-42) diet of broiler chickens

Dietary treatments'

Ingredients (%)

NC PC BS0.25 BS0.50 BSO0.75 BS1 BS1.25 GS0.25 GS050 GSO0.75 GS1 GS1.25
Corn 52.0 52.0 52.0 52.0 52.0 52.0 52.0 52.0 52.0 52.0 52.0 52.0
Soybean meal 32.0 32.0 31.8 31.5 31.3 31.0 30.8 31.8 31.5 31.3 31.0 30.8
Wheat pollard 6.0 6.0 6.0 6.0 6.0 6.0 6.0 6.0 6.0 6.0 6.0 6.0
Palm oil 5.10 5.10 5.10 5.10 5.10 5.10 5.10 5.10 5.10 5.10 5.10 5.10
L-Lysine? 0.20 0.20 0.20 0.20 0.20 0.20 0.20 0.20 0.20 0.20 0.20 0.20
DL-Methionine® 0.30 0.30 0.30 0.30 0.30 0.30 0.30 0.30 0.30 0.30 0.30 0.30
DCP* 2.40 2.40 2.40 2.40 2.40 2.40 2.40 2.40 2.40 2.40 2.40 2.40
Calcium carbonate 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0
Choline chloride 0.20 0.20 0.20 0.20 0.20 0.20 0.20 0.20 0.20 0.20 0.20 0.20
Salt 0.30 0.30 0.30 0.30 0.30 0.30 0.30 0.30 0.30 0.30 0.30 0.30
Mineral mix® 0.15 0.15 0.15 0.15 0.15 0.15 0.15 0.15 0.15 0.15 0.15 0.15
Vitamin mix® 0.15 0.15 0.15 0.15 0.15 0.15 0.15 0.15 0.15 0.15 0.15 0.15
Antioxidants 0.10 0.10 0.10 0.10 0.10 0.10 0.10 0.10 0.10 0.10 0.10 0.10
Toxin binder 0.10 0.10 0.10 0.10 0.10 0.10 0.10 0.10 0.10 0.10 0.10 0.10
Seaweed - - 0.25 0.50 0.75 1.00 1.25 0.25 0.50 0.75 1.00 1.25
Vitamin E - 0.01 - - - - - - - - - -
Total 100 100 100 100 100 100 100 100 100 100 100 100
Calculated analysis’
ME (kcal/kg)® 3149.82 3149.50 3150.68 3151.54 315240 3153.26 3154.12 3150.39 3150.97 3151.55 3152.13 3152.70
Protein 19.06 19.06 19.05 19.03 19.01 19.00 18.98 19.04 19.01 18.98 18.96 18.93
Fat 7.19 7.19 7.19 7.19 7.19 7.19 7.19 7.19 7.19 7.18 7.18 7.18
Fiber 4.00 4.00 3.99 3.98 3.97 3.96 3.95 3.99 3.98 3.97 3.96 3.94
Calcium 0.85 0.85 0.85 0.85 0.85 0.85 0.85 0.85 0.85 0.85 0.85 0.85
Total phosphorus 0.94 0.94 0.94 0.94 0.94 0.94 0.94 0.94 0.94 0.94 0.94 0.94
Available phosphorus 0.47 0.47 0.47 0.47 0.47 0.47 0.47 0.47 0.47 0.47 0.47 0.47

Note: 'Dietary treatments: NC (negative control) = basal diet, PC (positive control) = basal diet + vitamin E (100 mg/kg feed), BS 0.25 = basal diet + 0.25%
brown seaweed, BS 0.50 = basal diet + 0.50% brown seaweed, BS 0.75 = basal diet + 0.75% brown seaweed, BS 1 = basal diet + 1% brown seaweed,
BS 1.25 =basal diet + 1.25% brown seaweed, GS 0.25 = basal diet + 0.25% green seaweed, GS 0.50 = basal diet + 0.50% green seaweed, GS 0.75 = basal
diet + 0.75% green seaweed, GS 1 = basal diet + 1% green seaweed, GS 1.25 = basal diet + 1.25% green seaweed. 2L-Lysine 78.8% (minimum). *DL-
Methionine 99%. “Dicalcium phosphate. *Mineral mix provided per kilogram of product (Mineral mix): Selenium 0.20 g; iron 80.0 g; manganese
100.0 g; zinc 80.0 g; copper 15.0 g; potassium 4.0 g; sodium 1.50 g; iodine 1.0 g and cobalt 0.25 g. ¢Vitamin premix provided per kilogram of product
(Vitamin premix): Vitamin A 35.0 MIU; vitamin D3 9.0 MIU; vitamin E 90.0 g; vitamin K3 6.0 g; vitamin B1 7.0 g; vitamin B2 22.0 g; vitamin B6 12.0
g; vitamin B12 0.070 g; pantothenic acid 35.0 g; nicotinic acid 120.0 g; folic acid 3.0 g; biotin 300.000 mg; phytase 25000.0 FTU cobalamin 0.05 mg;
thiamine 1.43 mg; riboflavin 3.44 mg; folic acid 0.56 mg; biotin 0.05 mg; pantothenic acid 6.46 mg; niacin 40.17 mg and pyridoxine 2.29 mg. "The diets

were formulated using FeedLIVE software. 8Metabolizable energy.

Column (MACHEREY-NAGEL, Allentown, USA) based
on the instructions of the manufacturer. The ultraviolet-
visible spectroscopy (absorbance 260/280) was used to
determine the concentration and purity of RNA by using
a spectrophotometer (Multiskan GO, Thermo Scientific,
USA). Finally, the purified RNA was converted into
complementary DNA (cDNA) using a cDNA synthesis
kit (Biotechrab-bit, Hennigsdorf, Germany), following the
manufacturer’s protocol.

Real-time PCR was conducted using a LightCycler®
480 qPCR system (Roche Molecular Systems, USA).
Glyceraldehyde-3-phosphate dehydrogenase (GAPDH)
was used as a housekeeping gene to standardize the
target genes. A qPCR master mix (20 uL) was prepared
using a CAPITAL™ gPCR Green Mix, 4x (Biotechrabbit,
Hennigsdorf, Germany). The master mix contained 5 uL
of SYBR Green Master Mix, 1 uL of each 200 nM forward
and reverse primers, 1 puL of template cDNA, and 12 uL
of RNase-free water.

The qPCR cycling condition is programmed as initial
denaturation temperature at 95 °C for 3 min, followed by
45 cycles of denaturation at 95 °C for 13 sec, annealing for
30 s at 60 °C, and final extension for melt analysis based
on the instrument instruction, LightCycler® 480 qPCR
system (Roche Molecular Systems, USA). Melting curve
analysis was performed at the end of the amplification
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cycle to confirm the specificity of the amplification. The
amplification efficiency of target and housekeeping genes
was analyzed based on the standard curve of 5-fold serial
diluted cDNA. In addition, the relative gene expression
based on the housekeeping gene was quantified follow-
ing the recommendation of Livak & Schmittgen (2001).
The sequences of the housekeeping and targeted gene
primers are presented in Table 3.

Statistical Analysis

Statistical analysis was performed using the General
Linear Model (GLM) of the statistical analysis system
(SAS 9.4) by one-way ANOVA. Duncan’s Multiple
Range Test was used to assess the significant differences
between treatment groups at p<0.05. The orthogonal
polynomial contrast of SAS was used to determine the
linear and quadratic effects of dietary increasing brown
and green seaweed inclusion levels. The negative control
group was considered the 0.0% seaweed inclusion. The
positive control treatment was not considered in the
contrast analysis. The statistical model was Yijk= u + Tij +
Eijk. Where Yijk is the dependent variable, p is the general
mean, Tij is the effect of dietary treatment, and Eijk is the
experimental error.
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Table 3. The primer sequences of target genes

Target genes Primer sequences 5’ - 3’ Product size (bp) Accession No.
GHR F- AACACAGATACCCAACAGCC R- AGAAGTCAGTGTTTGTCAGGG 145 NM_001001293.1
IGF-1 F- CACCTAAATCTGCACGCT R- CTTGTGGATGGCATGATCT 140 NM_001004384.2
APN F- AATACGCGCTCGAGAAAACC R- AGCGGGTACGCCGTGTT 70 NM_204861.1
SGLT5 F- ATACCCAAGGTAATAGTCCCAAAC R- TGGGTCCCTGAACAAATGAAA 75 XM_040678521.1
PepT1 F- CTGTCTGCGTGACCCTTCTA R- TGTCCAAGTTCCTGCTATGTG 151 NM_204365.1
GAPDH F- CTGGCAAAGTCCAAGTGGTG R- AGCACCACCCTTCAGATGAG 275 NM_204305.1

Note: F= Forward, R= Reverse. bp (base pair)= Product size. GHR= Growth hormone receptor, IGF-1= Insulin-like growth factor 1, AP = Aminopeptidase
N, SGLT5= Glucose transporter, PepT1= Oligopeptide transporter, GAPDH= Glyceraldehyde-3-phosphate dehydrogenase.

RESULTS
Growth Performance

Different levels of BS and GS significantly affected
the body weight (BW) of chickens in the starter period
(Table 4). All GS group birds had significantly higher BW
in the starter period than the control birds. The highest
BW of the starter period was recorded at 0.50% and 1.25%
GS groups, which were also higher (p<0.05) than the BS
groups. Meanwhile, the 1.25% BS group had a signifi-
cantly higher BW than the NC during the starter period.
The BS and GS had no significant effects on broiler BW in
the finisher period and on the final body weight (FBW).
The starter period BWG of all GS groups was higher
(p<0.05) than the NC and PC groups. At the same time,
the 1.25% BS had significantly higher BWG compared
to the NC and PC groups during the starter period. The
BWG of the finisher period and the final body weight
gain (FBWG) were not affected (p>0.05) by the BS and
GS supplementations. The chickens fed with GS groups
had higher (p<0.05) FI at the starter and finisher periods
than the NC and PC groups. The final feed intake (FFI)
was also significantly higher for the GS groups than for
the NC and PC groups. The 1.25% BS treatment had
higher (p<0.05) FI in the starter period than the NC and
PC groups, while no significant difference was found in
the finisher period FI for the BS groups compared to the
NC and PC groups. In contrast, the 1% BS group recorded
a significantly higher FFI than the NC and PC groups. No
differences (p>0.05) were found in the FCR, IBW, ADG,
EBI, and mortality among the dietary treatment groups.

Carcass Characteristics and Internal Organs Weight

The results (Table 5) showed that supplementa-
tion with BS and GS had no effects (p>0.05) on plucked,
carcass, breast, thigh, wing, and back yields. Conversely,
there was a quadratic improvement in the drumstick
yield for the 1.25% GS group compared to the NC group.
No significant difference was observed among the dietary
groups in the internal organs of broiler chickens fed the
BS and GS.

Apparent Ileal Digestibility of Nutrient

The findings showed (Table 6) that the DM
digestibility of 0.50% and 1.25% BS, and 0.50%, 0.75%,
and 1.25% GS groups were higher (p<0.05) than the
NC group in the starter period. In contrast, the DM
digestibility for all BS and GS groups (except for the

0.25% BS and GS groups) was lower (p<0.05) compared to
the NC and PC groups in the finisher period. Regarding
the AID of OM, the 0.25% BS group had higher (p<0.05)
OM digestibility in the starter period. In contrast, the OM
digestibility was lower (p<0.05) in all GS and BS groups
(except for the 0.25% BS) as compared with the NC and
PC groups in the finisher period.

The AID of crude protein CP was significantly higher
in birds fed 0.25%, 0.50%, and 1.25% BS and GS groups
than in the NC group during the starter period. No dif-
ference (p>0.05) was observed for the AID of CP in the BS
and GS groups compared to the NC group in the finisher
period. The results showed that the birds fed a 0.25%
BS-supplemented diet had significantly higher ash digest-
ibility than the NC group during the starter period. The
digestibility of ash was significantly decreased linearly
and quadratically in birds fed 0.25%, 0.50%, and 0.75%
BS compared to the NC group during the finisher period.
Meanwhile, no difference (p>0.05) was observed in ash
digestibility for the GS groups compared to the NC group
during the finisher period.

Hepatic Growth mRNA Expression

The effects of various brown and green seaweed on
the hepatic growth hormone receptor (GHR) and Insulin-
like growth factor-1 (IGF-1) mRNA expression are pre-
sented in Table 7. The mRNA expression of the GHR gene
was higher (p<0.05) for broiler fed 0.50% and 0.75% GS
compared to the NC group. Furthermore, birds fed 0.50%
BS and 0.25%, 0.50%, and 0.75% GS had significantly
higher hepatic IGF-1 mRNA expression.

Intestinal Nutrient Transporter mRNA Expressions

The effects of brown and green seaweed on amino-
peptidase (APN), glucose transporter (SGLT5), and oligo-
peptide transporter (PepT1) mRNA expression in broiler
chickens are presented in Table 8. The result showed that
supplementation with various brown and green seaweed
levels did not affect (p>0.05) the APN, SGLT5, and PepT1
mRNA expression in jejunum tissue.

DISCUSSION
Growth Performance
To confront the expanding population issue in

certain nations and lower diet expenses, it is important
to continue seeking natural alternatives to conventional
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poultry feedstuffs (El-Sabrout et al., 2023; Khalifah et al.,
2023). Seaweed, as a natural feed additive, is a source of
macro and micronutrients, containing many biological
bioactive components that may impact the growth of
broiler chickens (El-Deek et al., 2011; Garcia-Vaquero &
Hayes, 2016; Corino et al., 2019). In the current study, the
1.25% BS and different GS levels (0.25%, 0.50%, 0.75%,
1%, and 1.25%) significantly increased the BW of broiler
chickens during the starter period compared to the NC
and PC groups. These findings are consistent with the
previous reports that 0.50% BS and GS improved the BW
of broiler chickens (Choi et al., 2014; Mohammadigheisar
et al.,, 2020). The positive effects of seaweed on broiler
BW may be attributed to the prebiotic effects of
polysaccharides present in seaweed (Corino et al., 2019).
In addition, seaweed polysaccharides might improve
the immune status of birds by reducing the pathogenic
microbial load in the digestive tract, which may influence
body metabolism and increase feed conversion rate
(ShuBai et al., 2013; Rizk et al., 2017).

The findings of this study showed that all GS groups’
starter period BWG was significantly higher than the
NC and PC groups. At the same time, the BWG of 0.25%,
0.50%, and 1.25% GS treatments were also significantly
higher compared to the BS groups. The better perfor-
mance of GS in BWG may be accredited to the presence
of Ulvan polysaccharides in GS. Ulvan has various bio-
logical activities such as immunomodulation, anti-viral,
antioxidant, and anti-hyperlipidemic (Bhatia et al., 2013;
Kidgell et al., 2019).

The result showed that birds fed different levels
of GS had higher FI than the NC and PC groups in both
starter and finisher periods. In addition, there were no
significant differences in the FI at the finisher period for
0.25%, 0.50%, 0.75%, and 1% BS treatments compared
to the NC and PC groups. Earlier studies also reported
similar findings as captured in a study reported by
Choi et al. (2014), who reported that 0.50% BS in broiler
feed had no significant effect on the FI of birds. In this
study, the highest BS level (BS 1.25%) increased the FI at
the starter phase. This finding agrees with the previous
submission that the inclusion of BS in broiler feed at a
high level can increase the FI (El-Deek et al., 2011). No sig-
nificant difference was found in the FCR among various
levels of BS and GS treatment groups. Earlier studies also
reported similar findings. Abudabos et al. (2013) stated
that the FCR of broiler chickens was not affected when
fed 1% and 3% GS-supplemented feed. Bonos et al. (2017)
determined no significant difference in FCR when broiler
chickens were fed 0.50%, 1%, and 2% BS in their diet.

Carcass Characteristics and Internal Organs Weight

Carcass yield and carcass cut weights are essential
because they are used to grade meat products and
directly impact market pricing. The inclusion of various
levels of BS and GS in broiler chicken diets did not affect
the carcass characteristics and internal organs’” weight.
The absence of dietary seaweed influence on carcass
characteristics and internal organs’ weight supports
the findings of various prior studies. For instance,
Abudabos et al. (2013) reported that 1% and 3% GS Ulva

340  September 2024

Lactuca supplemented feed did not affect broiler thigh
yields. Moreover, Choi et al. (2014) reported that a 0.50%
inclusion of BS by-product had no effects on broiler
breast meat yield. Regarding the internal organ relative
weight, our findings are consistent with Choi et al. (2014),
who reported that 0.50% inclusion of BS by-product had
no significant effects on broiler spleen and abdominal
fat relative weights. These findings indicate that dietary
seaweeds may have minimal anti-nutritional factors,
potentially causing harm to the carcass and visceral
organs in broiler chickens.

Apparent Ileal Digestibility of Nutrient

The results showed that the DM digestibility of the
starter period in 0.50% and 1.25% BS, and 0.50%, 0.75%,
and 1.25% GS, were significantly higher than the NC
group. Furthermore, the 0.25% BS had higher ash digest-
ibility during the starter period. On the other hand, vari-
ous BS and GS inclusion levels decreased the digestibility
of DM, OM, and ash contents during the finisher period.
Nutrient digestibility is an imperative factor for feed for-
mulation. In this study, the improvements in the starter
period growth performance of birds fed various BS and
GS levels were associated with improvement in AID of
nutrients.

Earlier studies have reported that seaweed has low
digestibility and utilization in animals (Choi ef al., 2014).
Besides the health benefits of many compounds, seaweed
also has content that may reduce nutrient digestibility
(Kim, 2011). In addition, algae contain different amounts
of polysaccharides (Lahaye & Robic, 2007; Qverland et
al., 2019), affecting the digestibility of nutrients (Holdt
& Kraan, 2011). Furthermore, the soluble fiber in the
diet increases the ingesta passage speed, decreasing the
nutrient digestibility in monogastric animals (Montagne
et al., 2003; Azizi et al., 2021b). Regarding the nutrient
digestibility in the finisher period, results are inconsistent
with studies that reported that seaweed might increase
animal nutrient digestibility (Holdt & Kraan, 2011; Kim,
2011; Choi et al., 2014). The inconsistency with previous
research can be explained by the animals’ differences,
basal feeds, housing conditions, and production systems
employed in various trials.

Hepatic Growth mRNA Expression

IGF-1 is a primary mediator of growth hormone
(GH) effects. IGF-1 is a hormone linked to skeletal
growth (Yan et al., 2016). Hepatic IGF-1 is an essential
growth hormone that stimulates muscle protein synthesis
(Soumeh et al., 2019). The GH stimulates the production
of hepatic IGF-1. The presence of GH in the body leads
to the synthesis and release of IGF-I through the GHR
pathway (Del Vesco et al., 2013). The animal’s nutritional
status modulated the ability of hepatic tissue to respond
to the GH (Beckman, 2011). In this study, the mRNA
expression of the hepatic IGF-1 gene was upregulated for
birds fed 0.50% BS and 0.25%, 0.50%, and 0.75% GS com-
pared to the NC group.

Additionally, birds fed 0.50% and 0.75% of GS also
have higher hepatic GHR mRNA expression. Literature
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shows that including seaweed and its extracts in the broil-
er feeding diet may positively affect birds” growth perfor-
mance (Abudabos et al., 2013; Choi et al., 2014; Sweeney et
al., 2016). The growth-promoting effects of seaweed might
be associated with the IGF-1 and GHR growth metabolic
pathways.

Seaweed contains abundant unique bioactive com-
pounds such as alginate, ulvan, laminarin, fucoidan, and
fucoxanthin that might promote the growth of beneficial
gut microbes (Andri et al.,, 2020). Furthermore, research
showed that a higher population of beneficial bacteria
might contribute to the upregulation of IGF-1 and GHR
gene expression (Humam et al., 2019).

Intestinal Nutrient Transporters mRNA Expression

The result showed that various brown and green
seaweed supplement levels did not affect the intestinal
nutrient transporter mRNA expression in the jejunum
tissues. Furthermore, the findings reported by Sweeney
et al. (2017) showed that laminarin and fucoidan extracts
from seaweed did not affect the intestinal nutrient trans-
porter genes. The inclusion of 300 parts per million (ppm)
laminarin and 240 ppm fucoidan, either individually or
combinedly in pigs’ diet, did not affect the expression of
intestinal nutrient transporter genes such as PepT1 and
SGLT5 (Heim et al., 2014).

CONCLUSION

It is concluded that 1.25% of BS and various levels
of GS, including 0.25%, 0.50%, 0,75%, 1%, and 1.25%, in
broiler chickens’ diet can be recommended to promote
bird growth in the starter phase. Furthermore, various
BS and GS supplements increased the mRNA expression
of hepatic GHR and IGF-1 genes. However, seaweed did
not affect intestinal nutrient transporter gene expression,
including APN, SGLT5, and PepT1. The current research
findings are useful for further studies investigating the
mechanisms and components responsible for higher
growth performance and nutrient digestibility during the
starter period of broiler chickens.
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