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Abstract
Marine algae contain large amounts of bioactive compounds and dietary fiber; thus, when used as feed for poultry, they could be an
alternative to improve intestinal integrity and reduce lipid serum concentrations. Few studies have assessed the prebiotic properties of
this marine resource. The objective of this studywas to evaluate the prebiotic effects of different concentrations of the green algaUlva
rigida as feed additive to enhance the morphology of intestinal villi and reduce total cholesterol and triglyceride levels in chickens.
One hundred and forty-one-day-old Arbor Acres broilers were randomized to one of four treatments: 0, 2, 4, and 6% Ulva meal,
respectively, including seven replicates of five broilers each, in a completely randomized design. The assay was run for 6 weeks.
Body weight gain and carcass percentage were not affected by the treatment, but feed intake, feed conversion ratio, and mortality
showed significant differences (p < 0.05). Width, height, and contour length of intestinal villi were higher (p < 0.05) in all U. rigida
meal treatments compared to the control group. The highest (p < 0.05) intestinal villus height and contour length were recorded with
2% Ulva. Serum total cholesterol and triglyceride levels were significantly lower in Ulva treatments vs. control (p < 0.05). The
addition of U. rigida to broilers meal improved the growth of intestinal villi and reduced serum total cholesterol and triglyceride
levels, thus confirming that it could be considered as a prebiotic that can enhance the broiler health.
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Introduction

Marine algae contain numerous compounds such as protein,
minerals and vitamins, pigments, amino acids, fatty acids,
complex polysaccharides, dietary fiber, and phenolic com-
pounds that possess bioactive and/or nutraceutical properties.
Thus, they may contribute to improve the health status of
poultry by strengthening their immune system and reducing
or modifying the microbial load in the intestine of chickens or
hens (Evans and Critchely 2014; Kulshreshtha et al. 2014;

Qadri et al. 2019). Marine algae have also been shown to
reduce serum cholesterol and triglyceride contents, reduce
blood pressure, and promote a healthy digestion; they also
have some antioxidant activity that could improve the health
condition of poultry in commercial production processes
(Raghavendran et al. 2005; Kulshreshtha et al. 2014; Li
et al. 2018).

The use of prebiotics as growth promoters can be a suitable
option in the poultry industry (Arce-Menocal et al. 2008;
Buclaw 2016). The advantages of these products derive from
their specific effects on the digestive tract, including modifi-
cation of the intestinal flora, lowering of the mucosal turnover
rate, and regulation of the intestinal immune system; these
translate into direct benefits on growth rate, feed conversion
efficiency, and bird health (Arce-Menocal et al. 2005).

However, few studies have explored the use of seaweeds as
supplements of broilers feed (Makkar et al. 2016); the direct
effect of seaweeds on intestinal morphology has been little
investigated; studies addressing their influence on blood var-
iables of broiler chicken are scarce. In these regards for brown
seaweeds, Koth et al. (2005) included up to 4% Undaria
pinnatifida to poultry feed, which relieved the inflammation
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resulting from the overstimulation of the innate immune sys-
tem. El-Deek et al. (2011) observed that 2% Sargasssum sup-
plemented to feed led to significant increases in plasma high-
density lipoprotein (HDL) and lower total cholesterol levels.
Lee et al. (2005) supplemented the diet of broilers with 1, 2,
and 4% U. pinnatifida and observed that algae stimulated the
innate immune system of broilers. For their part, Evans and
Critchely (2014) found that Ascophyllum nodosum in-
creased growth performance when fed to broilers. In the
case of red seaweeds, Bradbury et al. (2012) reported that
because of the high calcium concentration of calcified red
seaweeds when included in broilers feed the bone health
status of chickens. With respect to green seaweeds,
Ventura et al. (1994) studied the effect of feed supple-
mented with Ulva rigida at 10, 20, and 30% on chicken
performance; these authors reported that this marine algae
was harmful when included in the diet at levels above
10%. Sun et al. (2010) and Wang et al. (2013) observed
better availability and use of nutrients, a positive effect on
both feed intake and feed conversion ratio, and lower
abdominal and subcutaneous fat, when broilers were fed
a diet supplemented with 2% to 4% of Enteromorpha
prolifera (Now Ulva). Abudabos et al. (2013) added 1%
and 3% Ulva lactuca to broiler chicken diets, resulting in
higher breast muscle yield and weight, lower abdominal
fat, and lower serum concentration of lipids, cholesterol,
and uric acid.

Species of the genus Ulva are abundant in coastal waters
around the world. There are eight species belonging to this
genus in Bahía de La Paz, Baja California Sur, Mexico (Cruz-
Ayala et al. 2001; Águila-Ramírez et al. 2005). Some localities
of the bay show optimum conditions for a high abundance of
Ulva species all year round in this area (Chávez-Sánchez et al.
2017), given its subtropical location (Cervantes-Duarte et al.
2001). Ulva rigida is the most abundant species; it is present
throughout the year, with the highest coverage and biomass
per square meter during spring and summer (Chávez-Sánchez
et al. 2018). Therefore, this marine algae could be harvested
for use as a supplement in poultry feed.

Some important polysaccharide components that can
be found in the species of the genus Ulva are ulvans.
These are mainly composed of rhamnose, xylose, and
guluronic and iduronic acids (Robic et al. 2009).
Ulvans can be considered as ideal prebiotics due to
the following properties: (a) selectivity by beneficial
bacteria but not by pathogenic strains, (b) non-digest-
ibility, and (c) fermentability, as substrates for intestinal
microbiota (Kulshreshtha et al. 2014; Li et al. 2018).

Thus, the aim of this study was to evaluate the prebiotic
effects of different concentrations of U. rigida, an abundant
marine algae in the Gulf of California, as feed supplement that
may improve the morphology of intestinal villi and contribute
to lower cholesterol and triglyceride levels in broiler chicken.

Materials and methods

Ulva rigida plants were collected manually from the intertidal
zone of beaches at Bahía de La Paz, Baja California Sur
(BCS), Mexico. Whole plants were washed with sea water
and fresh water to remove sand and epibionts. Afterwards,
plants were sun-dried (80% shadow mesh) for 4 days and
ground in a hammer mill (Jerza model L).

A 1-kg sample of algae was obtained by quartering,
and the following chemical analyses were conducted, in
triplicate, using standard methods (AOAC 2000): mois-
ture (oven-drying at 60 °C to constant weight, method
976.05), ash content (ignition at 550 °C in an electrical
furnace, method 923.03), crude fiber (Fibertec apparatus,
method 962.09), ether extract (Soxhlet apparatus, method
920.39), nitrogen content (micro-Kjeldhal method
976.05), and protein content, calculated using a factor of
6.25. Gross energy was determined using a Parr bomb
calorimeter. Samples were subjected to acid digestion for
mineral content quantification. Spectrophotometry proce-
dures (method 969.08) were used to determine Ca, Mg,
Na, K, Fe, Zn, Pb, and Cu.

Experimental design A total of 140 1-day-old Arbor Acres
broilers were allocated to one of four treatments, with seven
replicates of five broilers each: 0, 2, 4, and 6% Ulva meal,
respectively, using a completely randomized design in a 6-
week experiment. In all treatments, feed and water were of-
fered ad libitum.

Starter and finisher diets (Table 1) were formulated using
the software Nutrition (version 3.2) to meet the nutrient re-
quirements of Arbor Acres broilers. The U. rigida meal par-
tially replaced corn grain, soybean, vegetable oil, and supple-
ment; all treatment diets were isonitrogenous and isocaloric
(NCR 1994).

The percentage of Ulva supplement was decided based
on previous experiments conducted with Sargassum in the
region (Carrillo et al. 2012) and Ulva species, such as Lee
et al. (2005), Sun et al. (2010), and Wang et al. (2013), all
of which showed a good performance at these concentra-
tions, but also based on the experiment by Ventura et al.
(1994), suggesting not to exceed 10% of algal supplement
in the broiler feed.

Production parameters Body weight, food intake, and mortal-
ity were recorded weekly. The feed conversion ratio adjusted
for mortality was estimated at the end of the experiment.

Carcass yield At the end of the experiment, four broilers from
each replicate of the treatments (n = 112) of 42 days of age
were randomly selected and slaughtered. After euthanasia,
feathers, head, neck, shanks, liver, and intestine were re-
moved, and the remaining carcass was weighed:
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Carcass yield %ð Þ ¼ carcass weight=live weightð Þ � 100:

Intestinal integrityAfter viscera were removed, 2-cm jejunum
segments (1 cm after Meckel’s diverticulum) were sectioned
for each of the 112 broilers. These segments were briefly

washed in 0.1 M phosphate buffer solution (pH 7.3) and fixed
in 12% formaldehyde for 24 h. Afterwards, three portions of
each mid-jejunum segment were embedded in paraffin wax,
sectioned (4 μm), and stained with hematoxylin-eosin (Hu
et al. 2013). Morphological measurements of villus (width,
height, and contour length) were taken with an upright micro-
scope DM4 B (Leica DMC2900) equipped with a digital cam-
era, using a 10× objective and a Dell Workstation or HP
Software. Villus width is the horizontal distance between the
walls of a single villus; height was measured as the vertical
distance from tip to base; and contour length is the length of
the line that delineates a single villus (Fig. 1).

Cholesterol and triglyceride quantification Before sacrifice,
blood samples were collected from the radial vein of each of
the 112 broilers, according to the Mexican standard NOM-
069-200-1999. A 6.5- mL blood sample was collected in a
15-mL Falcon tube and centrifuged at 4500 rpm for 10 min;
serum was separated, transferred to Eppendorf tubes, and
stored at − 70 °C until analyses. Samples were tested for (a)
cholesterol, determined by enzymatic hydrolysis and oxida-
tion (final point enzymatic method; Tietz 2006). The indicator
was a quinoneimine dye formed from hydrogen peroxide and
4-aminoantipyrine in the presence of phenol and peroxidase.
Absorbance was read at 546 nm; (b) triglycerides, determined
by enzymatic hydrolysis with lipases (GPO-PAP method;
James et al. 2013). The indicator was a quinoneimine formed
by hydrogen peroxide, 4-amino-phenezone, and 4-

Table 1 Composition of starter (1–21 days) and finisher (22–42 days)
experimental diets (%)

Ingredients 0% Ulva 2% Ulva 4% Ulva 6% Ulva

Starter

U. rigida 0 2 4 6

Corn grain 55 54 52 49

Soybean 37 36 38 39

Vegetable oil 4 4 3 3

Premixa 4 4 3 3

Finisher

U. rigida 0 2 4 6

Corn grain 63 62 60 56

Soybean 29 28 30 32

Vegetable oil 4 4 4 4

Premixa 4 4 2 2

a Premix: vitamins per kg: 9,500,000 IU vit. A, 3,500,000 IU vit D,
17000 IU vit. E, 2400 g vit. K, 15.5 mg vit. B12, 1000 g vit. B1, 6.7 g
vit. B2, 1.5 g vit. B6, 24.2 g niacin, 1 g folic acid, 125 mg biotin, 11.2 g
pan-cal, 950 g choline chloride. Minerals (mg kg-1 ): magnesium 67, zinc
67, iron 54, copper 4, iodine 0.6, selenium 1.4

Fig. 1 Measurement of intestinal
villus in broilers fed different
percentages of Ulva meal in the
diet: a height, b width, c contour
length
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chlorophenol, with peroxidase as catalyzer. Absorbance was
read at 546 nm. All tests were carried out in triplicate using a
Semi-auto Chemistry Analyzer, Model EKEM (Kontrol Lab).

Statistical analyses Each data set was tested for normality and
homoscedasticity using the Kolmogorov-Sminov and
Levene’s tests, respectively (Zar 2010). Differences between
data sets were analyzed through an analysis of variance
(ANOVA) for a completely randomized design, and means
were compared with the Tukey’s test (p < 0.05) (Sall et al.
2007). All statistical analyses were run in the JMP@ Start
Statistics program, version 11.0.0.

Results

The chemical composition of the Ulva rigida meal used for
this experiment showed a high ash content (30%), followed by
crude protein (8%), crude fiber (4.2%), and a low ether extract
content (0.2%). The minerals recorded at the highest concen-
tration were magnesium with 20,916 mg kg−1 calcium,
11,778 mg kg−1 and 10,655 mg kg−1 sodium (Table 2).

At the end of the experiment, no significant differences
were found in body weight (p > 0.05); however, feed intake,
feed conversion ratio, and mortality showed significant differ-
ences (p < 0.05) (Table 3). Feed intake was higher (p < 0.05)
in chickens fed 4 and 6% of Ulva, whereas mortality was
higher (p < 0.05) in the control and 6% Ulva treatments
(Table 3). In relation to carcass weight and carcass yield, no
significant differences were found among treatments
(Table 3).

Intestinal villus growth was higher in all treatments with
U. rigida meal (Fig. 2). Villus width, height, and contour
length were significantly higher (p < 0.05) in all U. rigida
meal treatments compared to the control. In the control (0%
Ulva), intestinal villus width was 0.4 mm; in U. rigida meal
treatments (2, 4, and 6% Ulva, respectively), it ranged from
0.6 to 0.7 mm. The highest (p < 0.05) value of intestinal villus
height was recorded in the 2% Ulva treatment (1.6 mm), ver-
sus 1 mm in the control. Villus contour length was significant-
ly higher (p < 0.05) in the 2% Ulva treatment (3.4 mm) vs. all
other treatments; it was 2.8 mm in the 4 and 6% Ulva treat-
ments and lowest (2 mm) in the control (0%Ulva) (Figs. 3 and
4).

Cholesterol concentration in broilers fed U. rigida meal
was significantly lower (p < 0.05) vs the control diet. The
2% Ulva meal led to a 14% reduction in total cholesterol
levels vs. control (Table 4). Moreover, triglyceride concentra-
tion in broilers was lower (p < 0.05) in all U. rigida meal
treatments. The reduction in triglyceride concentration vs.

Table 2 Chemical
composition of Ulva
rigida

Nutrient content

Moisture % 16.2 ± 0.03

Ash % 30.1 ± 0.16

Crude protein (N × 6.25)
%

8.7 ± 0.05

Nitrogen % 1.4 ± 0.01

Ether extract % 0.2 ± 0.03

Crude fiber % 4.2 ± 0.06

Nitrogen-free extract % 55.9

Gross energy Cal g−1 2212.3 ± 2.10

Calcium mg kg−1 11,778.83

Magnesium mg kg−1 20,916.53

Sodium mg kg−1 10,655.63

Potassium mg kg−1 8001.00

Lead mg kg−1 N.D.

Zinc mg kg−1 10.18

Copper mg kg−1 1.35

Iron mg kg−1 463

N.D. not detected, ± mean and standard
deviation

Table 3 Productive parameters
and carcass yield of Arbor Acres
broilers fed with different levels
of Ulva inclusion in the diet

Treatments Body
weight
(g)

Feed
intake
(g)

Feed
conversion
ratio

Mortality
(%)

Carcass
weight
(g)

Carcass
yield
(%)

0% Ulva 2243 4098 ac 1.871 a 1.40 1552.42 74.7

2% Ulva 2262 4177 ac 1.881 a 0.35 1629.58 74.8

4% Ulva 2119 4205 bc 2.029 b 0.35 1481.25 73.8

6% Ulva 2257 4286 bd 1.941 a 1.20 1614.46 74.6

P 0.1266 < .0001 0.0388 0.49 0.052 0.4096

SEM 46.9 21.6 3.26 0.55 21.2 0.79

a,b,c Different letters in each column indicate significant difference (p < 0.05)

SEM standard error of the mean
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the 0% Ulva group was 28% (2% Ulva), 17% (4% Ulva), and
15% (6% Ulva) (Table 4).

Discussion

Ash content, crude protein, crude fiber, and ether extract re-
corded inUlva rigidameal were lower than the values report-
ed by Carrillo et al. (2002), and within the ranges reported by
Aguilera-Morales et al. (2005) for Enteromorpha (now Ulva)
collected in the same locality. Proximal chemical analyses of
U. rigida from other coastal waters (Dardanelles, Turkey;
Chilka Lake, India; La Coruña, Spain; Gulf of Galez,

Tunisia) recorded the following ranges: 4.8–21.2% protein,
0.09–12% lipids, 11–52% ash (Foster and Hodgson 1998;
Taboada et al. 2010; Frikha et al. 2011; Gopal and Pal 2011;
Irkin and Erdugan 2014). The differences in nutrient content
are likely because seaweeds have and extraordinary capacity
to accumulate elements present in water (Cabrita et al. 2016);
therefore, seasonal, annual, and geographic environmental
variability (temperature, salinity, irradiance, nutrients) could
influence nutrient content in seaweeds (Marinho-Sorino et al.
2006).

Constant Ulva concentrations were used (2, 4, and 6%) in
the starter and finisher diets. As the proportion of U. rigida in
the meal increased, soybean content was increased and corn
grain decreased to compensate for the nutritional requirements

Fig. 2 Intestinal villi in broilers
fed different percentages of Ulva
meal in the diet: a 0%Ulva, b 2%
Ulva, c 4% Ulva, c 6% Ulva

Fig. 3 Height and width of intestinal villi at day 42 of the experiment in
broilers fed different percentages of Ulva meal in the diet. a,b,c Different
letters indicate a significant difference (p < 0.05)

Fig. 4 Contour length of intestinal villi at day 42 of the experiment in
broilers fed different percentages of Ulva meal in the diet. a,b,c Different
letters indicate a significant difference (p < 0.05)
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for broilers, since Ulva has a low protein and a high crude
fiber content.

As for broiler weight, a 32% gain was recorded in the
starter period (days 1–21), and a 68% increase in the finisher
period (days 22–42); the likely cause was that during the final
period, broilers have a fully developed digestive system;
therefore, the energy consumed is directly allocated to body
weight (Cuervo et al. 2002; Rebolé et al. 2010).

In relation to the production parameters, differences in
body weight (BW) were not statistically significant; in con-
trast, significant differences between treatments (p < 0.05)
were recorded for feed intake, feed conversion ratio (FCR),
and mortality. Although differences were expected, it is worth
mentioning that body weight did not decrease with the sup-
plemented treatments, as discussed by Abudabos et al. (2013).
These authors included 1% and 3% ofUlva lactuca in the diet
and found no significant differences, which could be related to
the low seaweed concentration used, and since no loss was
observed, they suggest that this finding may indicate the ab-
sence of toxic or anti-nutritional effects caused byUlva. Also,
other studies have found no significant differences in BWand
FCR; for example, Cortes-Cuevas et al. (2000), Rebolé et al.
(2010), and Chávez et al. (2016), who used probiotics and
prebiotics in different concentrations.

In regard to body weight, it is important to note that this
study obtained a bodyweight of 1.6 kg in 5 weeks, i.e., 1 week
earlier than for commercial production (Ferrini et al. 2010);
for commercial purposes, this could translate into lower meal
expenses. Feed intake increased with 4% and 6% Ulva meal,
which could have been related to the attractant properties of
this algae (Cruz-Suarez et al. 2000).

In all treatments, carcass yield ranged from 73.8 to74.8%
with no significant differences between treatments; this figure
was higher than those previously reported. Some examples
include poultry farms, with an average of 70% (SAGARPA
2016); studies that used diets supplemented with symbiotic
and probiotics (66.7% and 59.5%, respectively) (Awad et al.
2009); or poultry fed diets supplemented with 1% Ulva
(70.7%) and 3% Ulva (71.3%) (Abudabos et al. 2013).
Nonetheless, our values were lower than those obtained by
Itzá-Ortiz et al. (2008) (76.8–77.8%) for diets including dif-
ferent energy sources, and those reported by Jaramillo (2012)
using Fortifeed, a commercial probiotic (77.4%). El-Deek
et al. (2011) reported a non-significant effect on carcass char-
acteristics using different concentrations of Sargassum meal
in finisher broiler diets.

Some experiments have investigated the effect of prebiotics
on the increase of intestinal villi in broilers. Chávez et al.
(2016) used Lactobacilus casei and L. acidophilus in broiler
diet and found a villus length of 939 μm compared to 754 μm
in the control group. Markovic et al. (2009) supplemented
broiler feed with BIO-MOS®, a prebiotic derived from the
cell wall of Saccharomyces cerevisiae, and found a significant

increase in villus height (1013 μm vs 901 μm) and width
(108 μm vs 94 μm). Arce-Menocal et al. (2008) added
S. cerevisiae cell walls to poultry feed and recorded a villus
width of 398 μm versus 264 μm in the control after 21 days.
Rehman et al. (2007) used inulin as supplement and found that
intestinal villus length was greater vs. control. In the present
study, in broilers fed a 2%U. rigidameal, villus width, height,
and contour length were 0.69 mm, 1.66 mm, and 3.4 mm,
respectively, versus 0.45 mm, 1 mm, and 2.0 mm, respective-
ly, in the control treatment. The structure of the intestinal
mucosa affects its function, as higher villi increases the sur-
face area and facilitate an efficient nutrient absorption
(Rehman et al. 2007).

The higher values of intestinal villus metrics observed in all
U. rigida meal treatments suggest that Ulva algae produce a
nutraceutical effect on intestinal integrity. This is relevant be-
cause the increased length of intestinal villi produced both a
larger intestinal surface area and increased activity of the
brush border enzymes, leading to larger surface area for ab-
sorption and higher digestive capacity, respectively (Velasco
et al. 2010); these features may also have enhanced nutrient
uptake by increasing the absorption of fatty acids, amino
acids, and glucose (Arce-Menocal et al. 2008). Furthermore,
the U. rigida meal functioned as a prebiotic that may have
stimulated the growth of beneficial intestinal bacteria, thereby
reducing intestinal turnover and, consequently, lowering ener-
gy and protein expenditure (Xu et al. 2003).

Other researchers have found that n-6 and n-3 unsaturated
fatty acids in the diet promoted intestinal villus growth in
terms of both villus number and length (Itzá-Ortiz et al.
2008). Enteromorpha spp. (now Ulva) from the La Paz wa-
terfront contains both n-3 (10.38 g (100 g)−1) and n-6 (10.9 g
(100 g)−1) fatty acids (Aguilera-Morales et al. 2005), which
may also promote villus growth.

The human consumption of food of certain characteristics
has stimulated the search of higher-quality commercial

Table 4 Cholesterol and triglyceride concentration in Arbor Acres
broilers fed different percentages of Ulva meal in the diet

Treatments Cholesterol
(mg dL−1)

Triglycerides
(mg dL−1)

0% Ulva 140.1 a 93.3 a

2% Ulva 120.7 b (14%) 67.3 b (28%)

4% Ulva 125.6 b (10%) 77.0 c (17%)

6% Ulva 126.7 b (10%) 78.0 c (15%)

p < .0001 < .0001

SEM 13.86 11.08

Different lowercase letters in each column indicate a significant differ-
ence (p < 0.05)

SEM standard error of the mean

Values in parentheses show the percentage of cholesterol and triglyceride
reduction vs. control
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poultry, particularly as low cholesterol and triglyceride
contents are highly desirable in food for human
consumption. Osorio et al. (2012) reported that Ross 308
and Cobb broilers fed commercial diets showed a cholesterol
concentration of 136 and 132 mg dL−1, respectively, both
higher compared to the 120–126 mg dL−1 obtained in this
study using U. rigida meal diets.

A significant reduction in cholesterol (14–10%) and tri-
glycerides (28–15%) was observed with all U. rigida meal
diets. This effect of Ulva is consistent with the results by
Abudabos et al. (2013), who reported a cholesterol reduction
of 19 and 20% in broilers fed 1 and 3% U. lactuca,
respectively.

El-Deek et al. (2011) found that the addition of raw
Sargassum to broiler finisher diets led to lower plasma cho-
lesterol levels. Carrillo et al. (2012) demonstrated the effect of
Sargassum spp. on the reduction of cholesterol concentration
in eggs 26%. These authors attributed this performance to the
effect of some chemical compounds of the algae, such as
sterols, polysaccharides (soluble fiber), poly-unsaturated fatty
acids, and minerals. Taboada et al. (2010) report thatU. rigida
contains a high percentage of soluble fiber, which has been
correlated with hypocholesterolemic effects.

In other studies, Hassan et al. (2011) evaluated the effect of
sulfate polysaccharides extracted form U. lactuca on serum
lipid parameters in albino rats fed a cholesterol-rich diet.
These authors found that the sulfated polysaccharide extract
induced a significant decrease in total serum lipids (− 61%),
total cholesterol (− 49%), triglycerides (− 66%), and LDL-
cholesterol (− 93%). They concluded that the decreased hy-
percholesterolemia by the U. lactuca extract was likely due to
the increased activity of antioxidant enzymes (CAT, GSH-Px,
and SOD), non-enzymes (GSH and T. thiol), and the lipid-
limiting peroxidation process.

The polysaccharide extract composition of U. lactuca in-
cluded rhamnose, xylose, glucuronic and galacturonic acids,
galactose, glucose, arabinose, and mannose (Hassan et al.
2011). According to Robic et al. (2009), the first three poly-
saccharides are constituents of ulvans, which can be consid-
ered as prebiotics that may improve poultry health
(Kulshreshtha et al. 2014; Li et al. 2018), as we observed in
our experiment by the addition of Ulva in the diets.

Conclusion

The supplementation of broiler meal withUlva rigida contrib-
uted to promote and improve the growth of intestinal villi; it
also led to lower serum levels of total cholesterol and triglyc-
erides in broiler chicken, thus confirming that it can be con-
sidered as a prebiotic that enhances the health condition of
broilers and enhancing the importance of studies where intes-
tinal integrity and serum parameters could be measured.
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