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ABSTRACT Despite being touted as a rich source of
nutrients and functional bioactive compounds, the amount
of brown seaweed (Ecklonia maxima) that can be included
in diets of Boschveld indigenous chickens is unknown. This
study, therefore, investigated the effect of feeding graded
levels of brown seaweed meal (BSM) on apparent nutrient
digestibility, growth performance, and physiological and
meat quality parameters in Boschveld cockerels. A total of
225, five-wk-old Boschveld cockerels (316.4 § 23.01 g live
weight) were raised on 5 isoenergetic and isonitrogenous
experimental diets formulated by incorporating BSM in a
standard grower diet at a concentration of 0 (BSM0), 20
(BSM2), 40 (BSM4), 60 (BSM6), and 80 g/kg
(BSM8). Feeding graded levels of dietary BSM induced
neither quadratic nor linear effects (P > 0.05) on apparent
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nutrient digestibility, growth performance, hematological
parameters, and meat quality characteristics in Boschveld
cockerels. However, it resulted in linear increases for over-
all feed intake (R2 = 0.397; P = 0.021), ceca weight
(R2 = 0.417; P = 0.013), duodenum length (R2 = 0.537;
P = 0.04), and small intestine length (R2 = 0.305;
P = 0.041). Negative quadratic responses were recorded
for alanine aminotransferase (R2 = 0.530; P = 0.0009) and
ileum length (R2 = 0.457; P = 0.045) as BSM levels
increased. In conclusion, dietary inclusion of BSM
improved feed intake and some internal organ sizes, altered
alanine transaminase levels, but had no significant effect
on apparent nutrient digestibility, growth performance,
and carcass and meat quality attributes of Boschveld
indigenous cockerels.
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INTRODUCTION

Poultry products (meat and eggs) are a major source
of affordable animal protein in South Africa with an
overall per capita consumption of 48.22 kg (SAPA,
2020). However, the poultry industry is under pressure
to increase production to meet the high demand for ani-
mal protein in response to a rapidly growing human pop-
ulation (Nhlane et al., 2021). This suggests a need to
develop strategies that will allow sustainable intensifica-
tion of indigenous chickens (Gallus gallus domesticus) as
a main source of animal protein for people in rural South
Africa. Indigenous chicken farming plays significant
socioeconomic and nutritional roles by providing
income, employment, and essential macro- and micro-
nutrients for many rural households (Magothe et al.,
2012; Manyelo et al., 2020). These birds possess desir-
able traits such as disease resistance, thermo-tolerance,
firm texture, succulent meat, high fertility and hatch-
ability, and hard eggshells (Dessie, 2011; Atela et al.,
2019). However, their large-scale intensification is cur-
rently restricted by high feeding costs due to their low
growth rates and poor feed conversion ratios (Larbi
et al., 2013; Hussain et al., 2018). From a nutritional
point of view, the use of functional feed ingredients such
as seaweeds can improve indigenous chicken production
and thus allow for their sustainable intensification. This
is because the production of seaweed, also known as
marine macro-algae, does not require land, fresh water,
fertilizers, pesticides, or machinery. Moreover, seaweeds
can be considered as environmentally friendly ingre-
dients whose bioactive compounds and nutrients have
growth boosting, health promoting, gut modulating,
and meat enhancing properties (Michalak et al., 2022).
Indeed, Nhlane et al. (2020) reported that seaweeds
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contain nutraceuticals that can provide subtherapeu-
tic and nutritional benefits when included in poultry
diets.

Seaweeds also contain bioactive compounds such as
polyphenols, chlorophyll, carotenoids, fucoidan, phloro-
tannins, and carrageenan, to mention a few, that can mit-
igate against stressors imposed by large-scale
intensification (Michalak et al., 2022). Michalak and
Mahrose (2020) stated that the inclusion of seaweeds in
poultry diets can improve poultry performance and
health while enriching poultry products with active com-
pounds. Furthermore, seaweeds are rich sources of miner-
als that can be used to aid in bone mineralization,
improve eggshell quality, enrich egg mineral content,
and prevent elemental deficiencies in poultry (Micha-
lak et al., 2010). Other scholars have reported that
seaweeds contain polyunsaturated fatty acids that
can enhance the n-3 fatty acid content of poultry
products (Gonz�alez-Esquerra and Leeson, 2001). In
addition, seaweed bioactive compounds have antioxi-
dant, antimicrobial, anti-inflammatory, antitumoral,
antiallergic, antithrombotic, hypoglycemic, hypocho-
lesterolemic, and neuroprotective properties that
could enhance the performance of indigenous chickens
and ensure that these birds continue to contribute to
household food and nutrition security (Michalak and
Mahrose, 2020; Nhlane et al., 2021).

Despite their desirable nutraceutical properties,
large amounts of seaweeds are frequently washed into
beach inshore areas, causing anaerobic degradation
and the release of non-volatile and volatile com-
pounds (Resiere et al., 2020). Ammonia and hydrogen
sulphide are some of the toxic gases released by sea-
weed heaps that have detrimental effects on animal,
human and environmental health (Resiere et al.,
2020). Thus, the inclusion of seaweeds in indigenous
chicken diets would help protect the environment and
allow for sustainable intensification of the birds. How-
ever, no studies have evaluated the effect of feeding
brown seaweed (Ecklonia maxima) meal in Boschveld
indigenous cockerels, hence the amount that can be
safely included in their diets is unknown. This study,
therefore, evaluated the effect of feeding graded levels
of brown seaweed meal (BSM) on apparent nutrient
digestibility, growth performance, blood indices, vis-
ceral organ sizes, carcass characteristics, and meat
quality traits of Boschveld cockerels. The study
tested the hypothesis that the inclusion of BSM will
improve nutrient digestibility, and physiological and
meat quality parameters in Boschveld cockerels.
MATERIALS AND METHODS

Animal Ethics Statement

The feeding, handling, and slaughtering procedures
employed in this study were approved (NWU-00809-21-
A5) by the Research Ethics Committee for Animal Produc-
tion studies at the North-West University, SouthAfrica.
Harvesting Site and Analyses

The brown seaweed (Ecklonia maxima) was hand-picked
on the Sunset beach, along the Sea Point Promenade (33°
5405500 S, 18°2303300 E) in Cape Town (Western Cape,
South Africa). It was collected following a day of a high
tide accompanied by rough waves that move the seaweed
to the beach shorelines. The seaweed was then washed with
tap water to remove the excess salt from the ocean before
being sun-dried in an oyster net until constant weight. The
seaweed was then milled (2-mm; Retsch Cutting Mill BSM
100, Retsch, Germany) to produce the meal (BSM), which
was used for proximate analysis. Triplicate samples of BSM
were used to determine DM, ash, organic matter (OM)
and CP following the Association of Official Analytical
Chemist methods (AOAC, 2005). The Waters Acquity
Ultra Performance Liquid Chromatograph equipped with a
photodiode array detector (UPLC-PDA) was used for the
determination of amino acids. The neutral detergent fiber
(NDF) and acid detergent fiber (ADF) were analyzed
using the ANKOM2000 Fiber analyzer (ANKOM Technol-
ogy, New York, NY) following the detergent methods by
van Soest et al. (1991). A heat-stable amylase was used to
analyze the NDF, and the results were expressed inclusive
of residual ash. The cellulose in the ADF residue bags was
dissolved for 3 h in 72% H2SO4 to determine the acid deter-
gent lignin (ADL). The guidelines by the Agri-Laboratory
Association of Southern Africa were used to determine the
mineral content of BSM (AgriLASA, 1998). Metabolizable
energy (ME) of the BSM was calculated using the
formula [ME ðkcal=kgÞ ¼ ð35:3 � CP %Þ þ ð79:5 � E
E %Þ þ ð40:6 � NFE %Þ þ 199:0] by Carpenter and
Clegg (1956).
Formulation of Experimental Diets

Five dietary treatments (in mash form) were formu-
lated using a nutritional software (Format) as follows: 1)
BSM0 = a standard grower diet without brown seaweed
meal; BSM2 = a standard grower diet containing 20 g/kg
brown seaweed meal; BSM4 = a standard grower diet
containing 40 g/kg brown seaweed meal; BSM6 = a stan-
dard grower diet containing 60 g/kg brown seaweed
meal; BSM8 = a standard grower diet containing 80 g/kg
brown seaweed meal, as shown in Table 1. The diets were
formulated to have the same levels of protein and energy.
The nutritional composition of the diets was determined
as described for the BSM samples.
Growth Trial and Bird Management

The feeding trial was performed in summer (Decem-
ber 2021−February 2022) at the North-West University
Experimental Farm (25°8600000 S, 25°6405200 E) in South
Africa. The ambient temperatures ranged between 17°C
and 35°C. A total of 225, 4-wk-old Boschveld cockerels
were bought from Boschveld Ranching (PTY) LTD
located in Bela-Bela (Limpopo, South Africa). In a
completely randomized design, the cockerels were
weighed and randomly assigned to the 5 experimental



Table 1. Gross ingredient and nutritional composition (g/kg, as-
fed basis) of the experimental diets.

1Experimental diets BSM BSM0 BSM2 BSM4 BSM6 BSM8

Brown seaweed
meal

0 20 40 60 80

Maize yellow 556.4 531.1 505.8 477.2 455.5
Soybean meal (44%) 360.6 361.9 363.3 365.3 366.0
Palm oil 48.10 54.20 60.30 67.50 68.60
Dicalcium
phosphate

14.70 14.50 14.40 14.30 14.20

Common salt 4.60 2.60 0.50 0.00 0.00
Limestone 11.10 11.20 11.20 11.20 11.20
DL-methionine 2.00 2.00 2.00 2.00 2.00
2Premix 2.00 2.00 2.00 2.00 2.00
Choline Cl70 0.50 0.50 0.50 0.50 0.50
Nutritional composition (g/kg DM, unless stated otherwise)
Crude protein 101.3 205.1 205.0 205.1 205.1 205.2
Calculated ME
(MJ/kg)

7.40 12.98 12.98 12.98 12.98 12.98

DM (g/kg) 871.0 918.5 907.6 909.3 901.4 905.3
Ash 262.3 570.0 548.0 589.0 637.0 674.0
Organic matter 608.7 861.3 852.8 850.4 837.7 839.2
Lysine (%) 1.01 1.21 1.22 1.22 1.23 1.23
Methionine (%) 0.36 0.54 0.54 0.54 0.55 0.55
Crude fat 370.2 657.5 619.5 886.9 838.1 894.6
Phosphorus 0.45 4.5 4.5 4.5 4.5 4.5
Neutral detergent
fibre

486.8 142.1 191.6 192.3 193.4 206.6

Acid detergent fibre 226.6 131.7 141.6 149.5 152.1 158.1
Acid detergent
lignin

40.65 23.49 32.76 33.00 34.98 37.44

1Experimental diets: BSM = brown seaweed meal; BSM0 = a standard
grower diet without brown seaweed meal; BSM2 = a standard grower diet
containing 20 g/kg brown seaweed meal; BSM4 = a standard grower diet
containing 40 g/kg brown seaweed meal; BSM6 = a standard grower diet
containing 60 g/kg brown seaweed meal; BSM8 = a standard grower diet
containing 80 g/kg brown seaweed meal.

2Premix contains: copper sulphate 8.0 mg; zinc sulphate 79 mg; ferrous
sulphate 80 mg; niacin 30 mg; magnesium sulphate 100 mg; vitamin A
11,000 IU; potassium iodide 0.34 mg; pantothenic acid 10 mg; folic acid
0.7 mg; biotin 0.12 g; vitamin B6 5.1 mg; vitamin B1 2.5 mg; vitamin B2
4.5 mg; vitamin D3 2,500 IU; vitamin E 25 IU; vitamin K3 2.0 mg; and
sodium selenite, 0.25 mg.
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diets, which were replicated 5 times per dietary treat-
ment. Each replicate pen (experimental unit), measuring
3.5 m Length £ 1.0 m Width £ 1.85 m Height, carried 9
birds. The pens were constructed using steel wire mesh
and removable polythene plastics were used to cover the
floors. The birds were accustomed to the dietary treat-
ments for 7 d before the commencement of the feeding
trial at wk 5 of age. A stress-control pack (Phenix stress-
pac, Virbac) containing vitamins and electrolytes was
mixed into drinking water and offered to the birds for
the first three days of the adaptation period. The
diets and fresh clean water were offered to the birds
using poultry tube feeders and drinkers, respectively,
without any restrictions. Ventilation was achieved by
opening the house curtains in the morning and clos-
ing them in the evenings. The average house temper-
ature (32°C) and humidity (60%) were monitored
using a Thermo-Hygrometer (IN-OUT, Alla France
Automatic Control Equipment Co., Ltd, PRC). The
rearing of the birds was carried out under natural
lighting from the morning until the evening (12 h of
daylight). No mortalities were recorded during the
11-wk feeding trial.
Growth Performance Measurements

The initial body weights (316.4 § 23.01 g) of the birds
were measured at 5 wk of age and thereafter weighed on
weekly intervals to determine average weekly body
weight gain (ABWG). Daily feed intake was measured
by calculating the difference between the feed offered
and feed refused. The daily feed intake data was com-
puted to determine the average weekly feed intake
(AWFI). The data for weekly feed intake and weight
gain were then used to calculate feed conversion ratio
(FCR).
Blood Collection and Analysis

Fresh blood samples (4 mL) were collected in the
morning a day before slaughter from 2 randomly selected
birds per pen. The blood was collected by puncturing the
brachial vein using sterilized 5 mL syringes and 23-gauge
needles. The blood samples were stored using whole
blood (with an anticoagulant) and serum (without an
anti-coagulant) tubes. The whole blood tubes were
stored in a cooler and the blood was analyzed within 48
h of collection (Washington and van Hoosier, 2012).
Hematological indices (monocytes, hematocrits, lym-
phocytes, white cell counts (WCC), heterophils, and
platelets) were analyzed using an automated IDEXX
LaserCyte Haematology Analyser (model no. 93−30001
−01, IDEXX Laboratories (Pty) Ltd., Gauteng, South
Africa). The collected blood in serum tubes was centri-
fuged at 4,000 rpm for 5 min (Cryste Varispin 4 Multi-
purpose centrifuge, Cryste CO. LTD, Korea) to
generate sera (Washington and van Hoosier, 2012).
Serum biochemical indices (glucose, total protein, phos-
phorus, albumin, symmetric dimethyl arginine
(SDMA), urea, total bilirubin, calcium, globulin ala-
nine aminotransferase (ALT), lipase, albumin/globulin
ratio, alkaline phosphatase (ALKP), amylase, and cho-
lesterol) were analyzed using an automated IDEXX Cat-
alyst One Chemistry Analyzer (model no. 89−92525
−00, IDEXX Laboratories (Pty) Ltd., Gauteng, South
Africa).
Nutrient Digestibility Trial

At 16 wk of age, 2 birds per pen (making a total of
50), were randomly selected from the growth trial
and housed in metabolic cages (0.51 m L £ 0.49 m
B £ 0.36 m H) for measurements of apparent nutri-
ent digestibility. The cockerels were offered the same
experimental diets as in the growth trial and were
allowed a 3-d adaptation period before a 5-d collec-
tion period. Feed refusals were collected daily and
used to determine nutrient intake, whereas the
excreta were collected, weighed, and stored pending
analysis. The samples were then analyzed as
described for the BSM above and the values were
used to calculate the apparent digestibility of DM,
OM, CP, NDF, and ADF as described by Nhlane
et al. (2020), using the following formula:
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Apparent nutrient digestibility %ð Þ

¼ nutrient intake� nutrient excreta
nutrient intake

� 100
Slaughter, Carcass Traits and Internal
Organs

At 16 wk of age, all the cockerels were weighed to
determine slaughter weight but only 175 birds (exclud-
ing those in the digestibility trial) were transported by
road to a local abattoir. After a resting period of 1 to 2 h
at the abattoir, the birds were electrically stunned and
slaughtered by cutting the jugular vein with a sharp
knife. The carcasses were then eviscerated by hand and
immediately weighed using a digital scale (Model 330
Weighing, Richter Scale (Pty) Ltd., Gauteng, South
Africa) to determine hot carcass weight (HCW). The
carcasses were reweighed after 24 h of chilling at 16°C to
obtain cold carcass weight (CCW). The dressing per-
centage was calculated as the proportion of HCW to
slaughter weight. The weights of carcass cuts (breast,
drumstick, thigh, and wing) were measured using the
weighing scale described above. The weights of the vis-
ceral organs (liver, proventriculus, cleaned gizzard, giz-
zard fat, spleen, duodenum, jejunum, ileum, small
intestines, caecum, colon, and large intestines) were
determined using the digital weighing scale (Explorer
EX224, OHAUS Corp, NJ). A tape measure (cm) was
used to determine intestinal lengths.
Meat Quality Measurements

A digital meter equipped with a spear-piercing elec-
trode (HI98163 Professional Portable pH Meter, Hanna
instruments (Pty) Ltd, JHB, South Africa) was used to
measure breast meat pH at 1 h and 24 h post-slaughter.
Standard solutions (pH 4, 7 and 10) were used to cali-
brate the meter for each replicate pen. Breast meat color
coordinates: lightness (L*), redness (a*) and yellowness
(b*) were examined at 1 and 24 h postmortem using a
color spectrophotometer (Konica Minolta Chroma Meter
CR-400, Narich (Pty) Ltd, Japan) with a 20 mm
Table 2. Apparent nutrient digestibility (g/kg DM, unless stated oth
graded levels of brown seaweed meal.

1Experimental diets
2Parameters BSM0 BSM2 BSM4 BSM

DM 632.9 588.8 602.3 618
OM 631.3 625.6 641.4 630
CP 307.4 281.0 174.4 308
NDF 397.3 359.9 351.5 446
ADF 235.8 299.5 294.2 358

1Experimental diets: BSM0 = a standard grower diet without brown seawee
meal; BSM4 = a standard grower diet containing 40 g/kg brown seaweed meal
BSM8 = a standard grower diet containing 80 g/kg brown seaweed meal.

2Parameters: DM, dry matter; OM, organic matter; NDF, neutral detergent
diameter measurement area, an illuminant D65-daylight,
and a 10° observation angle (CIE, 1976). Chroma and
hue angle values were computed using the a* and b* coor-
dinates (Priolo et al., 2002). Breast meat was used to
determine the water-holding capacity (WHC) using the
filter-paper method (Honikel, 1987), whereby pressure
(60 kg) was applied for 5 minutes on the samples (8 g)
held in-between 2 filter papers. Drip loss was measured
using the method by Honikel (1998), whereby breast
meat samples (»2 g; wet weight, w1) are hooked and sus-
pended using wire steel and placed in a cold room (4°C)
for 72 h. Breast meat cooking losses were assessed after
the samples were cooked to a core temperature of 75°C
(Honikel, 1998).
Data Analysis

Repeated measures analysis option in the general lin-
ear model (GLM) procedure of SAS (2010) was used to
determine the interaction effect between time and diet
on average weekly FI, BWG, and FCR data. Overall FI,
BWG, and FCR data were reported because no signifi-
cant diet £ time (cockerel age) interaction effects were
observed. Polynomial contrasts were used to evaluate
apparent nutrient digestibility, overall growth perfor-
mance, and physiological and meat quality parameters
data for linear and quadratic effects. Response surface
regression analysis procedure in SAS (2010) was
employed to determine the optimum dietary inclusion
level of BSM, according to the following nonlinear
model: y = ax2 + bx + c, where y is the dependent vari-
able; a and b are the coefficients of the model; c is the
intercept; x is dietary BSM inclusion level (g/kg); and
-b/2a is the x value for optimal response. For all the sta-
tistical tests, significance was considered at P < 0.05.
RESULTS

Nutrient Digestibility and Performance

Feeding graded levels of dietary BSM had no linear or
quadratic effects (P > 0.05) on DM, OM, CP, NDF, and
ADF digestibility (Table 2).
Repeated measures analysis revealed no diet £ week

(bird age) interaction effects on ABWG (P = 0.995), FI
(P = 0.765), and FCR (P = 0.998). Neither linear nor
erwise) in Boschveld cockerels (n = 50) fed with diets containing

Significance

6 BSM8 SEM Linear Quadratic

.6 543.4 44.12 0.883 0.673

.0 589.4 37.64 0.913 0.640

.2 277.1 79.20 0.667 0.910

.7 366.0 68.54 0.611 0.414

.3 226.4 90.46 0.941 0.738

d meal; BSM2 = a standard grower diet containing 20 g/kg brown seaweed
; BSM6 = a standard grower diet containing 60 g/kg brown seaweed meal;

fibre; ADF, acid detergent fibre; ADL, acid detergent lignin.



Table 3. Overall feed intake (g/bird), overall body weight gain (g/bird) and overall feed conversion ratio in Boschveld cockerels
(n = 225) fed with diets containing graded levels of brown seaweed meal.

1Experimental diets Significance

BSM0 BSM2 BSM4 BSM6 BSM8 SEM Linear Quadratic

Overall FI 5,993.2 6,022.1 6,236.3 6,514.4 6,684.9 162.3 0.001 0.367
Overall BWG 1,827.6 1,814.0 1,889.7 1,888.7 1,840.1 45.73 0.490 0.392
Overall FCR 3.28 3.35 3.30 3.46 3.62 0.096 0.147 0.206

Abbreviations: BWG, body weight gain; FCR, feed conversion ratio; FI, feed intake.
1Experimental diets: BSM0 = a standard grower diet without brown seaweed meal; BSM2 = a standard grower diet containing 20 g/kg brown seaweed

meal; BSM4 = a standard grower diet containing 40 g/kg brown seaweed meal; BSM6 = a standard grower diet containing 60 g/kg brown seaweed meal;
BSM8 = a standard diet containing 80 g/kg brown seaweed meal.
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quadratic effects (P > 0.05) were observed for overall
BWG and FCR, except for overall FI which linearly
increased [y = 44.21 (§88.02) x + 5964.6 (§148.6);
R2 = 0.397; P = 0.021] with increasing BSM levels
(Table 3).
Hematobiochemical Parameters

Feeding graded levels of dietary BSM induced neither
linear nor quadratic effects (P > 0.5) for hematological
and serum biochemical parameters, except for alanine
aminotransferase (ALT) (Table 4). A negative qua-
dratic response was observed for ALT [y = 1.48
(§0.361) x2 − 12.94 (§3.221) x + 54.91 (§6.361);
R2 = 0.530; P = 0.0009] from which an optimum of
44 g/kg of BSM inclusion level was calculated.
Table 4. Hematological and serum biochemical parameters of 16-wk-
levels of brown seaweed meal.

1Experimental diets
2Parameters BSM0 BSM2 BSM4

Hematocrit (%) 36.30 34.60 35.30
WCC (£ 109/L) 16.99 18.31 16.49
Platelets (£ 109/L) 46.30 41.90 42.20
Heterophils (£ 109/L) 9.77 11.06 10.27
Lymphocytes (%) 26.70 23.90 25.00
Monocytes (%) 14.50 13.40 14.00
Calcium (mmol/L) 2.68 2.63 2.31
Glucose (mmol/L) 3.65 4.66 4.24
Phosphorus (mmol/L) 3.25 3.95 3.45
SDMA (mg/dL) 41.50 26.88 37.90
Urea (mmol/L) 0.760 0.840 0.700
Total protein (g/L) 32.25 30.13 37.50
Albumin (g/L) 17.60 16.90 16.90
Globulin (g/L) 19.00 21.00 22.20
Albumin/globulin ratio 0.525 2.50 0.610
ALT (U/L) 43.30 41.50 26.20
ALKP (U/L) 150.9 258.0 153.1
Bilirubin (umol/L) 5.10 3.90 4.20
Cholesterol (mmol/L) 2.39 2.34 2.52
Amylase (U/L) 248.4 267.2 250.3
Lipase (U/L) 135.0 162.9 143.1

1Experimental diets: BSM0 = a standard grower diet without brown seawee
meal; BSM4 = a standard grower diet containing 40 g/kg brown seaweed meal
BSM8 = a standard grower diet containing 80 g/kg brown seaweed meal.

2Parameters: WCC, white cell count; SDMA, symmetric dimethylarginine; A
albumin/globulin ratio.
Internal Organs, and Carcass and Meat
Quality Parameters

Table 5 shows that feeding different levels of dietary
BSM linearly increased ceca weight [y = 0.019 (§0.030)
x + 0.858 (§0.045); R2 = 0.417; P = 0.013], duodenum
length [y = 0.016 (§0.361) x + 28.75 (§0.550);
R2 = 0.537; P = 0.04] and small intestines length
[y = 1.237 (§3.005) x + 148.9 (§4.456); R2 = 0.305;
P = 0.041]. Ileum length showed a negative quadratic
response [y = 0.238 (§0.106) x2 − 1.141 (§0.887)
x + 62.66 (§1.315); R2 = 0.457; P = 0.0450] to the
increasing BSM inclusion levels.
Neither linear nor quadratic effects (P > 0.05) were

recorded for all the breast meat quality parameters as
dietary BSM levels increased (Table 6).
old Boschveld cockerels (n = 50) fed with diets containing graded

Significance

BSM6 BSM8 SEM Linear Quadratic

35.90 35.00 1.04 0.997 0.630
15.05 16.85 2.07 0.294 0.319
45.10 49.70 4.42 0.208 0.301
8.38 9.79 1.04 0.274 0.670
25.50 24.60 2.96 0.666 0.495
18.20 15.90 1.86 0.163 0.600
1.83 2.55 0.194 0.555 0.162
4.36 3.96 0.752 0.805 0.958
2.92 3.11 0.393 0.250 0.910
35.40 30.30 7.734 0.828 0.628
0.840 0.750 0.075 0.348 0.259
35.30 32.80 6.93 0.986 0.256
17.60 17.90 0.822 0.684 0.528
23.63 20.30 3.90 0.804 0.371
1.63 0.440 0.904 0.498 0.577
28.50 41.00 6.16 0.772 0.000

202.6 167.3 29.18 0.360 0.508
5.40 5.40 0.988 0.683 0.763
2.21 2.53 0.337 0.551 0.776

281.7 270.1 48.73 0.991 0.931
108.4 138.6 23.09 0.583 0.949

d meal; BSM2 = standard grower diet containing 20 g/kg brown seaweed
; BSM6 = a standard grower diet containing 60 g/kg brown seaweed meal;

LT, alanine aminotransferase; ALKP, alkaline phosphatase; ALB/GLOB,



Table 5. Carcass characteristics and visceral organs (% CCW, unless stated otherwise) of 16-wk-old Boschveld cockerels (n = 175) fed
with diets containing graded levels of brown seaweed meal.

1Experimental diets Significance
2Parameters BSM0 BSM2 BSM4 BSM6 BSM8 SEM Linear Quadratic

Slaughter weight (g) 1,780.3 1,753.6 1,848.6 1,830.9 1,846.4 43.53 0.097 0.987
HCW (g) 1,204.6 1,183.5 1,267.6 1,281.5 1,252.2 41.10 0.196 0.939
CCW (g) 1,149.2 1,150.7 1,244.2 1,252.4 1,222.7 38.92 0.390 0.560
Dressing (%) 67.70 67.33 68.54 69.98 67.82 1.24 0.920 0.905
Breast 10.28 10.40 10.20 9.991 10.30 0.402 0.857 0.661
Drumstick 8.06 7.79 7.95 7.81 7.87 0.202 0.316 0.432
Thigh 8.04 7.46 7.61 7.08 7.48 0.231 0.162 0.392
Wing 6.52 6.45 6.34 6.33 6.40 0.150 0.651 0.802
Liver 2.77 2.73 2.73 2.53 2.83 0.098 0.656 0.271
Gizzard 2.54 2.57 2.55 2.53 2.72 0.084 0.073 0.173
Gizzard fats 0.816 0.669 0.675 0.785 0.696 0.150 0.940 0.874
Proventriculus 0.614 0.609 0.530 0.588 0.605 0.020 0.719 0.119
Spleen 0.309 0.284 0.311 0.293 0.317 0.021 0.455 0.736
Duodenum 1.39 1.43 1.32 1.35 1.45 0.056 0.142 0.119
Jejunum 2.22 2.26 2.35 2.13 2.07 0.190 0.844 0.653
Ileum 1.63 1.42 1.38 1.54 1.84 0.108 0.063 0.077
Caecum 0.83 0.89 0.94 0.96 1.08 0.041 0.013 0.903
Small intestines 5.28 5.15 5.09 5.06 5.40 0.252 0.238 0.128
Large intestines 0.216 0.233 0.293 0.190 0.229 0.031 0.829 0.214
Duodenum (cm) 28.90 29.86 30.64 30.02 31.03 0.608 0.004 0.383
Jejunum (cm) 62.20 63.65 74.10 69.20 62.51 4.06 0.302 0.445
Ileum (cm) 61.18 57.26 59.67 61.51 64.22 2.11 0.044 0.045
Caecum (cm) 18.78 17.78 19.83 18.75 19.18 0.522 0.674 0.813
Small intestines (cm) 151.1 149.9 163.3 160.7 157.8 4.35 0.041 0.864
Large intestines (cm) 5.70 5.18 7.52 5.70 6.01 0.760 0.700 0.296

1Experimental diets: BSM0 = a standard grower diet without seaweed meal; BSM2 = a standard grower diet containing 20 g/kg seaweed meal;
BSM4 = a standard grower diet containing 40 g/kg seaweed meal; BSM6 = a standard grower diet containing 60 g/kg seaweed meal; BSM8 = a standard
grower diet containing 80 g/kg seaweed meal.

2Parameters: HCW, hot carcass weight; CCW, cold carcass weight.
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DISCUSSION

Apparent Nutrient Digestibility

Nutrient digestibility refers to the extent to which die-
tary nutrients are absorbed and assimilated as they pass
through the bird’s gastrointestinal tract (Nhlane et al.,
2020). The inclusion of dietary BSM had no effect on the
digestibility of dry matter, crude protein, organic mat-
ter, and fiber. An increase in nutrient digestibility was
expected because the BSM contains bioactive
Table 6. Breast meat quality parameters of 16-wk-old Boschveld coc
seaweed meal.

1Experimental diets
2Parameters BSM0 BSM2 BSM4 B

pH1 5.85 5.90 5.892
L*1 61.02 59.25 62.23 6
a*1 0.711 1.10 0.86
b*1 1.921 2.60 2.240
Chroma1 2.08 2.83 2.419
Hue angle1 1.18 1.16 1.19
pH24 6.05 6.02 6.00
L*24 57.63 61.44 63.05 5
a*24 0.596 0.922 0.828
b*24 2.05 1.69 2.28
Chroma24 2.16 1.94 2.46
Hue angle24 1.22 1.07 1.18
WHC (%) 88.60 86.68 89.37 8
Drip loss (%) 4.98 5.41 5.42
Cooking loss (%) 28.98 29.49 27.92 3

1Experimental diets: BSM0 = a standard grower diet without brown seawee
meal; BSM4 = a standard grower diet containing 40 g/kg brown seaweed meal
BSM8 = a standard grower diet containing 80 g/kg brown seaweed meal.

2Parameters: L*, lightness; a*, redness; b*, yellowness; WHC, water holding
compounds with growth-stimulating and antimicrobial
properties that aid feed utilization (Schiener et al.,
2015). Nonetheless, these results corroborate the find-
ings of Nhlane et al. (2020), who reported that the incor-
poration of green seaweed (Ulva spp.) meal between 20
and 35 g/kg in Boschveld hen diets, did not alter appar-
ent nutrient digestibility. However, Balasubramanian
et al. (2021) reported an improvement in DM digestibil-
ity of broilers fed with diets containing (0, 0.5, 0.1, 1.5,
and 2.5 g/kg) red seaweed (Halymenia palmata). These
kerels (n = 175) fed with diets containing graded levels of brown

Significance

SM6 BSM8 SEM Linear Quadratic

5.942 6.00 0.037 0.051 0.849
2.66 61.71 1.24 0.335 0.989
0.692 0.740 0.162 0.640 0.250
2.08 2.69 0.403 0.526 0.861
2.300 2.79 0.389 0.561 0.966
1.19 1.30 0.087 0.429 0.352
6.06 6.06 0.061 0.189 0.975
9.39 62.16 2.15 0.291 0.339
0.687 0.941 0.152 0.431 0.813
1.50 2.49 0.402 0.736 0.301
1.67 2.67 0.405 0.707 0.364
1.09 1.23 0.075 0.956 0.183
5.80 87.09 1.19 0.623 0.348
6.46 6.41 0.68 0.242 0.623
0.24 29.94 1.542 0.602 0.884

d meal; BSM2 = a standard grower diet containing 20 g/kg brown seaweed
; BSM6 = a standard grower diet containing 60 g/kg brown seaweed meal;

capacity.
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contradictory findings could be attributed to the use of
different seaweed species. Indeed, Ortiz et al. (2006) and
Schiener et al. (2015) reported that seaweeds have a dif-
ferent chemical composition, which is due to different
harvesting stages, water temperatures, growing sites,
and environmental conditions. Future research should,
therefore, investigate the use of seaweed extracts to
improve nutrient digestibility in Boschveld chickens.
Growth Performance and Blood Parameters

Repeated measures analysis showed no significant inter-
action effects between diet and week (cockerel age) on
average weekly FI, BWG, and FCR, which demonstrates
that the relative dietary effect was independent of the
cockerels’ age. In this study, a linear increase was observed
for overall FI as dietary BSM levels were increased. Simi-
larly, Nhlane et al. (2020) observed an increase in feed
intake of Boschveld hens fed with diets containing up to
35 g/kg of green seaweed meal. The authors attributed
these findings to the extra dietary fiber in the seaweed-
containing diets, which could have reduced blood sugar
levels and thus causing the birds to consume more feed.
Further, the presence of other secondary metabolites in
BSM like phlorotannins could have resulted in compensa-
tory feed intake. The current findings corroborated those
of Ca~nedo-Castro et al. (2019), who found that the addi-
tion of green seaweed (Ulva rigida) at different levels (40
and 60 g/kg) in Arbor Acres broiler diets increased the
feed intake of the birds.

Despite their much-touted bioactive substances that
are reported to have growth-stimulating activities, the
inclusion of BSM up to 80 g/kg did not have any signifi-
cant effect on overall BWG and FCR of the Boschveld
cockerels. The lack of dietary effects on these parameters
suggests, therefore, a need to investigate inclusion levels
higher than 80 g/kg to generate quadratic responses
that would allow the determination of an optimum
inclusion level. Contrary to the current findings, Mat-
shogo et al. (2020) reported that inclusion levels of die-
tary green seaweed meal between 20 and 35 g/kg
compromise feed conversion efficiency in Cobb 500
broilers. However, the results agree with the findings of
other researchers (El-Deek and Brikaa, 2009; Abudabos
et al., 2013; Karu et al., 2018), who found that the inclu-
sion of seaweeds in poultry diets had no influence on
growth performance parameters. These contradictory
findings suggest a need for more research studies to fully
understand seaweed utilization in poultry and, as a
result, close the existing gaps in literature.

Blood parameters are the most efficient and reliable
indicators for examining the birds’ health and patho-
physiological status (Minias, 2015; Onasanya et al.,
2015). Doyle (2006) stated that blood analysis allows for
the clinical investigation of various metabolites present
in animal bodies, and can be used to measure the nutri-
tional, pathological and physiological statuses (Etim
et al., 2014; Onasanya et al., 2015). Feeding graded lev-
els of dietary BSM had no influence on the measured
hematological values. These findings support those of
Lokaewmanee et al. (2012) and Matshogo et al. (2020),
who reported that the use of dietary seaweeds in broiler
diets does not affect the birds’ health status. The
recorded hematological values were within the normal
ranges reported for healthy chickens (Nhlane et al.,
2020; Matshogo et al., 2021). The enzymes, alanine
transaminase (ALT) and aspartate aminotransferase
(AST), are standard biomarkers for diagnosing hepato-
cellular injury. In cases where there is hepatocellular
damage, the ALT and AST enzymes, which are present
in the cytoplasm of hepatocytes, are released into the
bloodstream (Schomaker et al., 2020). According to
Bona et al. (2018), high concentrations of ALT and AST
in the blood indicate hepatocellular disease. Thus, the
quadratic effect observed for ALT in response to dietary
BSM indicates the potential of moderate seaweed levels
to protect the birds from liver injuries. However, levels
beyond 44 g/kg of dietary BSM could compromise the
hepatocellular membrane integrity of the birds.
Carcass Characteristics, Internal Organs,
and Meat Quality

Including BSM in the diets of Boschveld cockerels did
not induce any changes on the carcass characteristics of
the birds. The current results were consistent with those
of Ca~nedo-Castro et al. (2019), who reported no dietary
influences on dressing percentage and carcass weights of
Arbor Acres broilers reared on diets containing various
levels (20, 40, and 60 g/kg) of green seaweed (Ulva rig-
ida). However, Abudabos et al. (2013) reported that the
incorporation of green seaweed (Ulva lactuca) up to
30 g/kg enhanced dressing percentage and breast yield
of broiler chickens. Moreover,Qadri (2019) observed
that including up to 15 g/kg of red algae (Kappaphycus
alvarezi) in broiler chicken diets enhanced dressing per-
centage as well as liver, heart, and gizzard weights of the
birds. Kulshreshtha et al. (2020) reported that the
inconsistencies in seaweed feeding trials could be attrib-
uted to seaweed dietary levels, seaweed purity, particle
size, drying methods and processing, and species differ-
ences. The caecum weights of the birds were increased
by the increase in dietary BSM levels. These findings
supported the observation of Kulshreshtha et al. (2014)
and Nhlane et al. (2021), who reported an increase in
cecum weights when red and green seaweed were supple-
mented into laying hens and indigenous chicken diets.
The increase in caecum weights was expected because
high dietary fiber levels cause intestinal enlargements as
an adaptive mechanism by the birds to utilize extra die-
tary fiber (Sarbaz et al., 2018). Indeed, positive qua-
dratic responses were observed for cecum weights as well
as the lengths of small intestines as BSM levels
increased. However, the weights of the gizzard, gizzard
fats, liver, spleen, duodenum, and jejunum were not
affected, suggesting that brown seaweed has low antinu-
trients that can compromise the GIT and internal
organs of the birds (Matshogo et al., 2020).
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The appearance, odor, color, texture, tenderness, flavor,
juiciness, and water-holding capacity are a set of sensory
properties that are used to define meat quality (Purslow,
2017). These properties are used to assess the biological,
chemical, and physical characteristics of meat (Van Laack
et al., 2000). Feeding graded levels of dietary BSM did not
induce any influences on meat quality parameters, which
indicates that the inclusion of dietary BSM does not com-
promise product quality. The current findings were consis-
tent with those of Nhlane et al. (2020), who recorded no
dietary influences on breast meat pH and color in Bosch-
veld hens reared on seaweed-containing diets. Nonetheless,
the meat pH (5.9−6.1) reported in the current study was
within the normal meat pH range (5.7−6.1) reported by
Zhang and Barbut (2005) for poultry meat. Further, there
were no dietary effects observed on WHC, cooking loss
and drip loss, which suggests that the addition of brown
seaweed does not interfere with normal oxidative stability
levels of the meat. According to Wang et al. (2017) and
Chen et al. (2018), oxidative stress is a biological phenome-
non that adversely affects meat quality by speeding up the
rate at which meat pH declines, and consequently reduces
the WHC of the meat. Moreover, Bowker and Zhuang
(2015) reported that postmortem metabolism causes a
drop in muscle pH, which, ultimately, lowers the net
charges of the muscle proteins resulting in the denatur-
ation of sarcoplasmic proteins and thus poor meat WHC.
Similar to the current findings, Matshogo et al. (2020)
reported that seaweed supplementation does not alter the
WHC, cooking loss, and drip loss of broiler meat. The lack
of dietary differences on these parameters could be
explained by the similar pH values across the treatment
groups since there is a significant correlation between mus-
cle pH and these quality parameters (Fletcher, 2002). The
presence of biocompounds such as polyphenols, antioxi-
dants, protein, minerals, and vitamins in BSM (Rajauria
et al., 2017), was anticipated to positively influence the
overall quality of the meat. This further suggests a need
for future studies to investigate the physicochemical char-
acteristics of chicken reared on seaweed-containing diets.
CONCLUSIONS

Dietary inclusion of brown seaweed meal improved
feed intake and some internal organ sizes, and altered
alanine transaminase levels, but had no effect on appar-
ent nutrient digestibility, growth performance, and
meat quality attributes of Boschveld indigenous cocker-
els. The inability to generate an optimum inclusion level
on the growth performance data suggests a need for fur-
ther research with inclusion levels higher than 80 g/kg.
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