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The potential use of pelagic algae (Sargassum spp.) as
supplement to animal nutrition in coastal regions of Costa Rica
A case study of smallholder egg production systems on the Atlantic coast
Sabine Wischnat.

Abstract
The study aimed at identifying possibilities for dwellers of the predominantly
poor regions along the Caribbean coast in Costa Rica to utilise beach-cast
Sargassum spp. as alternative source of income. An assessment of the
incidence of pelagic Sargassum spp. cast ashore on the southern Caribbean
coast of Costa Rica during the period from May to July 2013 was carried out to
estimate availability of the resource. Quantities observed were characterised by
strong fluctuations and sparse amounts of biomass. Activities concerning the
collection and processing of pelagic Sargassum spp. could happen on a small
scale by local cooperatives taking advantage of the low opportunity costs of
labour. The case study with local smallholders attempted to reproduce positive
effects on egg production and egg quality parameters (shell percentage and
yolk colour) with scavenging local chickens that have been reported in trials
carried out with specialised layer breeds fed diets containing low levels of
Sargassum spp. The expected effects could not be substantiated but results
were comparably good to the control diets or showed a tendency to superior
outcomes. The effort needed to process the fresh Sargassum spp. to seaweed
meal was not proportional to potential benefits in the case of the individual
farmers. Still, Sargassum spp. meal could be used as a supplement to animal
feed in organic or conventional production systems and more research is
needed on seasonal variations of nutrient compositions and the properties of
Sargassum spp. as prebiotic.
Keywords: Sargassum spp., animal nutrition, egg production, smallholder
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1 Introduction
Pelagic Sargassum spp. has a key role in providing shelter and habitat to
a number of creatures on the open waters of the Atlantic Ocean (Fine 1970;
Frick 1976; Casazza & Ross 2008). When larger quantities of seaweed drift to
the shores, as it happens every year in North America and the Caribbean, this
is considered an aesthetic and olfactory harassment and, where tourism could
be affected, the seaweed is removed from the beaches.
While there is a considerate amount of research exploring the potential of
algae for the purposes of human nutrition, industries and agriculture, few
studies are available on the utilisation of stranded Sargassum spp. As algae of
this genus have been found to be suitable as partial component in the diet of
cattle (Gojon-Baéz et al. 1998; Vega-Villasante et al. 2006), goats (CasasValdez, Hernández-Contreras, et al. 2006), poultry (Al-Harthi & El-Deek 2012;
Carrillo et al. 2012) and shrimp (Casas-Valdez, Portillo-Clark, et al. 2006), the
processing of Sargassum spp. destined to the feeding of animals could be a
strategy with multiple benefits.
The Caribbean coast in Central America is less populated and less
prosperous than the Pacific side. Small scale agricultural activities are common
among the locals living in the rural areas of the Atlantic coast in Costa Rica for
subsistence and informal sales. For those without additional income through an
employment this is the only source of income. The amounts of Sargassum spp.
on the shores of the study area were monitored to evaluate the scope of
available biomass for processing into a supplement to animal nutrition on a
larger scale to generate income and employment for the local people. In a case
study with smallholder farmers in the community of Hone Creek, Talamanca,
the incorporation of Sargassum spp. meal was tested for positive effects on egg
production which could contribute to increase the livelihoods of the families.
The main parts of this thesis are divided with regard to contents into the
assessment of Sargassum spp. cast-ashore and the feeding trial involving the
local farmers and their chickens. Literature, material and methods, results and
the discussion bear reference to each of the two aspects of this thesis in
1

separate chapters. The study finishes with an outlook on perspectives and
aspects of further interest in this context and concludes in a summary of the
major potentials and constraints of using Sargassum spp. in animal nutrition in
Costa Rica that have been identified through the study of relevant literature and
the data collection in the field.
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2 Literature Review
2.1 Seaweed industries based on seaweed collections
According to the FAO, global production of seaweeds amounted to 19
million tonnes in 2010 with annual growth rates of 7.4 % since 2000 (FAO,
2012). Only 4.5 % of the total production originates from wild collections of
seaweed, while eight countries mainly from the Asian continent supply 99.6 %
of the farmed seaweed for consumption and industrial purposes. Latin American
countries except for Chile have to date no competitive seaweed farming
activities undergoing.
Collection of seaweed on beaches and shores happens in many countries
for various purposes. In places where the seaweed causes disturbance for
tourists, it is removed from the beaches. A modified potato digger is used in
Maui, Hawaii, to pick up the seaweed from the beach (Carroll, 2004). In the US
several contractors such as Beach Raker specialise in clearing the beaches
using tractors with customised rakes and blades that can gather trash and
debris. Automated collectors save time and labour, still the picked up material
has to be sorted manually to separate garbage from seaweed and other
biomass for recycling and processing.
In places where beach-cast seaweed is considered a valuable resource
and is utilized for processing and sales the collection often happens through
manual labour. In Australia various macro-algae are collected mainly for
alginate extraction and increasingly as feed resource for abalone cultures
(Kirkman & Kendrick 1997). The observed decline in available quantities of
beach-cast wrack is associated with climatic changes such as increased water
temperatures and less frequency of storms carrying the drifting seaweed
ashore. Increased pressure on the resource lead to ecological concerns as
seaweeds along the coasts are an important link in the trophic chain of some
vulnerable species and serve as nutrient sources fertilizing beaches and tidal
pools where decomposition takes place. The Namibian seaweed industry is
relying on the varying supply of Gracilaria verrucosa washed ashore for
industrial processing (Critchley et al. 1991). The collection of cast seaweed
3

happens throughout the year but quantities underlie great variations. Seaweed
is manually loaded onto vehicles and transported to the desert for sun-drying. In
order to utilize a great proportion of the stranded algae it is necessary to collect
the material as fresh as possible and proceed to drying to avoid decay. The
authors emphasise the importance of establishing seaweed aquaculture to
stabilize the supply for the agar industry and export markets. In Ireland intertidal
seaweed is harvested manually during low tides and processed for the
agricultural industry (Walsh & Watson, 2011).
Different suggestions and practices of seaweed drying have been
developed according to climatic and regional conditions. In many parts of the
world air-drying or sun-drying of algae was practiced and is still applied in
traditional seaweed processing. Experiments have been carried out in Iceland
to use geothermal heat for the drying of seaweed (Hallsson 1992). Chan et al
(1997) observed that drying methods affect the nutritional quality of seaweed
meal. Sun-drying was compared to oven-drying and freeze-drying in an
experiment using the brown algae Sargassum hemiphyllum. Losses of
micronutrients occur in sun-drying due to leaching and prolonged exposure to
air. Changes in nutrient profiles of the dried seaweed are least predictable when
sun-drying the seaweed, as drying time varies with weather conditions. Freeze
drying proved best to preserve the nutrients, still the authors recommend
choosing the appropriate drying technique according to the field of application of
the dried seaweed, the given climatic conditions and cost-efficiency of the
different techniques. Wong & Cheung (2001) point out the better preservation of
nutrients in freeze-dried Sargassum meal with the draw-back of higher costs
and lower capacities compared to oven-drying of seaweed. Sieburth & Jensen
(1967) looked into the occurrence of mould and bacteria in samples of
Ascophyllum nosodum meal produced after different drying processes of the
fresh weed. Drying that happened shortly after harvesting in rotary driers with
hot air proved a suitable method to maintain nutrient contents and product
safety. Air- and rock-dried seaweed that was processed to seaweed meal
showed high incidence of microbes reducing its nutritive value. The effect was
very pronounced especially after prolonged storage of the wet material.
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2.2 Sargassum spp. in the focus of scientific literature
Sargassum is a genus belonging to the Phaeophyceae, the brown algae.
Sargassum species can be found in temperate and tropical waters (Narayan,
Miyashita, & Hosakawa, 2008), mostly in benthic intertidal reef communities
growing in tidal pools and emergent reefs. Examples are S. johnstonii, S.
sinicola and S. herporhizum in the Gulf of California (McCourt, 1984). The
turbulent waters in this wave-exposed zone protect the algae partially from
grazing by marine fauna (Connor & Adey, 1977). Contradicting to these findings
S. polyceratium is a species found in greater water depths of 25-40 m as
observed by Hay (1981) in Belize and by de Ruyter van Steveninck & Breeman
at Curaçao (de Ruyter 1987).
The species S. natans and S. fluitans have a holopelagic life cycle relying
solely on vegetative reproduction (Niermann, 1986). They originate in the
Sargasso Sea in the Atlantic Ocean of the Northern hemisphere and from there
on move in thick mats transported by ocean currents and the wind. Pelagic
Sargassum spp. is buoyant because of gas-filled vesicles. Sargassum spp. has
been proven to sink to the bottom of the sea when losing its buoyancy after
being exposed to increased water pressure in deeper water layers, with
increased age of the plant and natural abrasion of the vesicle stability and with
increased colonization of epibionts (Johnson & Richardson, 1977). It is
assumed that beach-cast Sargassum in the study area is mainly composed of
the pelagic species S. natans and S. fluitans and is herein after referred to as
Sargassum spp.
The complex ecosystem of pelagic Sargassum spp. has been studied for
its importance for marine fauna. Fish numbers and species diversity have been
found to be significantly higher in samples associated to Sargassum spp. mats
than open water samples without seaweed (Casazza & Ross, 2008). A layered
structure of organisms within the floating algae could be observed with different
species niched in a spatial order. Fine (1970) discovered changes in abundance
of animal species with highest numbers in spring and an observed decrease in
fall. Green turtle hatchlings (Chelonia mydas) among others seek protection
from predators in Sargassum spp. rafts (Frick, 1976).
5

Researchers

have

used

MERIS

(Medium

Resolution

Imagery

Spectrometer) satellite imagery to analyse the movements of floating
Sargassum spp. and identify patterns in its seasonal and geographical
occurrence (J. F. R. Gower & King, 2011). Sargassum spp. was observed to
move in clockwise direction starting in the Gulf of Mexico in spring, moving
northwards reaching North Carolina in July and making its way to the Bahamas,
where it could be monitored in February. These findings could be matched with
historical records.
Mass occurrences during the past years were reported in the press from
Texas (Uchida, 2012), Florida (Fleshler, 2012), Antigua (Brown, 2012),
Barbados (Griffith, 2011), Trinidad (Institute for Marine Affairs Trinidad 2011)
and surprisingly Sierra Leone, where it is an unprecedented phenomenon
(Hemphill, 2011). David Freestone (in Higgins 2011), Sargasso Sea Alliance,
Washington, states that recent mass seaweed incidences in various coastal
areas of the Atlantic are much higher than the usual quantities that are cast
ashore in the Caribbean typically during the months of May to October. Brian
Lapointe from the Florida Atlantic University’s Harbor Branch Oceanographic
Institute suggests in an interview that increased fertilization of the oceans due to
discharge of waste water and agricultural fertilizers might increase productivity
of seaweed growth. Stephen Leatherman from Florida International University
points out that increased seaweed incidences on Florida’s beaches could be an
effect of winds that change the usual drift movements and cause large
quantities to reach the shores (both in Fleshler 2012). S. natans could recently
be confirmed to reach as far south as off-shore Brazil (Széchy, Guedes, BaetaNeves, & Oliveira, 2012), a fact which previously has been considered as
doubtful.
The quantity of pelagic Sargassum spp. has been researched with
controversial results. A study from Stoner (1983) records a decrease in pelagic
Sargassum spp. over time. He suggests that underlying causes for this
phenomenon could be naturally occurring fluctuations or changes triggered by
increased pollution of the seas. In Butler and Stoner (1984), observations on
quantities of pelagic Sargassum spp. during a period of 50 years were revised
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showing stable appearances in the monitored areas. Recent evaluations of
satellite images conclude in a higher total quantity of Sargassum spp. than
formerly estimated (J. Gower, Hu, Borstad, & King, 2006). The explanation
given is that maximum quantities occur in the western Gulf of Mexico, an area
largely neglected by previous research.
To my knowledge there is no scientific research available on quantities of
Sargassum spp. cast to the shores of the Americas. For the evaluation of the
possibilities to utilize this resource it is important to identify the scale on which
collection and processing could be realistic. Sampling of Sargassum spp.
quantities on the shores of Costa Rica was carried out to estimate available
amounts for this area.

2.3 Seaweed in animal nutrition
Benefits of the inclusion of seaweed in the diet of animals are multiple.
The companies Acadian Seaplants Ltd. (Canada) and AlgeaFeed (Norway) are
examples for companies producing nutritional supplements from the brown
algae Ascophyllum nodosum apt for livestock and poultry. The following
paragraphs present an overview of research carried out on the effects of algae
in various animal production systems.

2.3.1 The role of seaweed as alternative feed source to terrestrial
vegetation
Researchers compared a treatment diet containing 25 % of Sargassum
spp. with a control diet without seaweed in a trial with Nubian goats in Mexico
(Casas-Valdez, Hernández-Contreras, et al., 2006). Both diets resulted in a
similar weight gain of the animals, no significant differences could be observed.
Using seaweed for the feeding of goats is an interesting option in an area where
severe drought limits the availability of forage plants to a level that grazing
becomes insufficient to meet the nutritional requirements of the animals. On the
Canary Islands, Ulva lactuca was analysed as feed stuff for goats and resulted
comparable to medium quality forage plants with high levels of protein (M R
Ventura & Castanon, 1998). Similar trials have been carried out with Barbarine
lambs in Tunisia where alternative feed sources could help to increase
7

livelihoods through improved animal performance (Rjiba Ktita, Chermiti, &
Mahouachi, 2010). Chaetomorpha linum and Ruppia maritima were tested
separately for suitability as feed ingredient to rear lambs during periods of
drought. At inclusion levels of 20 % of either one of the tested algae species the
feed intake, digestibility and daily weight gain were comparable to the
respective values of lambs on a control diet. Investigations on bovines in Baja
California, Mexico, suggest that Sargassum spp. and Macrocystis pyrifera could
be used to prevent caloric deficiencies in arid zones (Vega-Villasante, CupulMagana, Nolasco-Soria, & Carrillo-Farnés, 2006). Seaweed used in this
experiment proved to be high in minerals and amino acids with good rates of
digestibility and without anti-nutritive components. Gojon-Baéz et al. (1998)
come to similar conclusions but rate M. pyrifera higher than Sargassum spp.
due to better nutritional value.
In temperate climate zones harsh winters and extreme conditions limit
plant growth and hence the natural offer of vegetation for browsing species.
North Ronaldsay sheep in Scotland have been observed feeding almost
exclusively on seaweed they can find on the shores (Hansen, Hector, &
Feldmann, 2003). Successful feeding of Laminaria digitata and L. hyperborean
to domestic sheep that were not accustomed to a seaweed diet gave evidence
that seaweed is a suitable energy source in the nutrition of small ruminants.
Applegate and Gray (1995) looked into the importance of seaweed to deer in
coastal Canada. They found that crude protein requirements of deer could be
met with a diet containing Ascophyllum, Fucus or Alaria better than with any
other common roughage during winter time. Additionally, low phenolic content
would not inhibit the voluntary feed intake or digestion.

2.3.2 Seaweed as a substitute for costly feed ingredients
High costs of commercial feed sources drive the search for alternatives
with comparable nutritional qualities. In aquaculture systems, rising prices for
fish oil and fish meal cause production costs to increase due to high expenses
for feed. The applicability of Gracilaria cervicornis as partial or complete
substitute to commercial feed was tried out with cultured shrimp (Litopenaeus
vannamei) in Brazil (Marinho-Soriano, Camara, Cabral, & Carneiro, 2007). The
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study resulted in the conclusion that a replacement of 50 % of industrial
concentrate by G. cervicornis did not negatively affect growth rates and survival
rates of juvenile shrimp. A study on cultured tilapia (Oreochromis niloticus)
revealed the nutritional suitability of Ulva rigida due to adequate protein and
fibre contents (Mensi, Jamel, & Amor, 2001). U. rigida could potentially provide
a cheaper energy and protein source than maize and soya in Tunisia by acting
as partial substitute to these ingredients.
Other aquaculture systems rely on the double benefits of the filtering
properties of macro- and micro-algae and their role as feed source for cultured
herbivorous species (Neori et al., 2004). These integrated systems can maintain
several species for commercialisation making use of the integration of different
trophic levels. Nobre (2010) emphasizes that benefits of integrated seaweed in
abalone cultures include economic and environmental advantages and can
increase overall profitability.

2.3.3 Seaweed supplements to improve animal health
Polysaccharides in macroalgae have been identified as a novel source of
prebiotics in animal production systems aiming at a reduction of antibiotics
(Evans & Critchley, 2013; Patel & Goyal, 2012). The utilisation of seaweed to
enhance the health of animals exposed to stress factors is subject to various
investigations. Saker et al. (2004) successfully improved immune response in
heat stressed lambs that received a supplement of Ascophyllum nodosum. The
observed effect is attributed to the high content of antioxidants found in A.
nodosum. A. nodosum proved to be an effective prebiotic when supplemented
to the diet of broilers and improved growth could be observed (Wiseman, 2012).
Bach et al. (2008) proved reduced shedding of E. coli O157:H7 bacteria in
faeces of feedlot cattle receiving a supplement of A. nodosum in their diet. The
reduction of bacteria contributes to reduce re-infections of other animals and
promotes food safety as faeces remaining on the hides can contaminate the
carcass and impact product quality. Red sea bream (Pagrus major) fed a diet
including 2.5 % of A. nodosum meal recovered faster from air-dipping and
anaesthesia compared to fish on diets with concentrations of 0 % and 5 % of A.
nodosum (Nakagawa, Umino, & Tasaka, 1997). Sargassum weightii was tried
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out as remedy for freshwater crabs (Paratelphusa hydrodomous) and marine
shrimp (Penaeus indicus) infected with the white spot syndrome virus
(Balasubramanian, Sudhakaran, Musthaq, Sarathi, & Hameed, 2006). A dosage
of 3 mg of substrate extracted from S. weightii per animal lowered the mortality
rates through antiviral properties of the seaweed. In the post weaning phase,
piglets are confronted with a drastic change in their diet. The adjustment of the
digestive system to solid feed can be supported by an extract of Laminaria spp.
replacing the costly high lactose dosages in piglet feed without antibiotic
additives (Gahan, Lynch, Callan, O’Sullivan, & O’Doherty, 2009).

2.3.4 Quality of animal products
Seaweed in animal nutrition has been identified as the cause for a
healthier final product for human consumption. Casas-Valdez et al. (2006)
observed significantly lower levels of cholesterol in shrimp fed with a diet
containing 6 % of Sargassum spp. meal as opposed to shrimp kept on a diet
without seaweed. Other productive parameters such as weight gain, survival
rate and size were not affected. A trial with different inclusion rates of
Sargassum dentifebium in the diet of laying hens suggested that a 6 % addition
of algae significantly decreased the plasma and yolk cholesterol levels (AlHarthi & El-Deek 2012). These findings have been confirmed in a study by
Carrillo et al. (2012). Iodine deficiencies could be prevented through iodine
enriched functional food products. Hens fed with 10 % of Eucheuma spinosum
produced eggs with an increased iodine content while feed conversion ratio and
egg yield were not negatively affected (Kaufmann, Wolfram, Delange, &
Rambeck, 1998). Health aware consumers are looking for products rich in
polyunsaturated fatty acids. Carrillo et al. (2008) proved that an increased
content of n-3 fatty acids in eggs could be obtained by adding 10 % of
Macrocystis pyrifera meal to the layers’ diet.
Seaweed can be utilized in organic animal production systems (Blair,
2008) and is listed in the permitted supplements of pig and poultry nutrition in
the Naturland standards (Naturland 2013a) with further regulation on collection
and harvesting in the Naturland standards for aquaculture (Naturland 2013b).
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2.3.5 Seaweed in the diet of laying hens
Ulva rigida did not result suitable for the nutrition of chicken in an
experiment with juveniles (M.R. Ventura, Castañon, & McNab, 1994). Trials
carried out with Sargassum spp. and other brown marine algae have been
carried out with satisfactory results (Al-Harthi & El-Deek 2012; 2012; 2011;
Carrillo et al. 2012). Apart from the above mentioned applications in eggs as
functional food, investigations have proven positive effects on quality
parameters such as eggshell thickness and yolk colouring by the incorporation
of algal meal (Saxena et al. 1983; Strand et al. 1998; Carrillo et al. 2008; AlHarthi & El-Deek 2011; 2012). These properties of the eggs are important
marketing criteria, as improved eggshell stability can help to prevent losses
(Roberts & Ball, 2003; Schoorl & Boersma, 1962) and yolk colour positively
influences customer preferences (Saxena et al. 1983; Gunaratne et al. 1993;
Ponsano et al. 2004; Cicek & Kartalkanat 2009). Synthetic pigments are
therefore applied in conventional egg production systems to meet the specific
demands of consumers or processing industries. Al-Harthi & El-Deek (2011)
observed an improved feed conversion ratio at incorporation of Sargassum spp.
meal to the diet of laying hens.
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3 Objectives
Sargassum spp. has been monitored to be increasingly frequent on the
shores of North America and the Caribbean. While this is often regarded as a
disposal problem, Sargassum spp. could possibly be of interest for animal
production as its aptitude has been proven for various farm animals. The Costa
Rican provinces bordering the Atlantic coast belong to the poorest in the
country and the costs of living are high boosted by tourism and a substantial
expat community. As land is in demand for construction most smallholder
farmers manage less than one hectare for subsistence and sales of surplus
produce. Chickens are the preferred livestock species, as their meat and eggs
are an important part of the local diet while they don’t require extensive ground.
The eggs are consumed by the families but are also a source of income, which
is especially important to the women that are bound to the house due to the
multitude of domestic chores. Customers can easily be found among
neighbours and other community members. Against this background, the study
aims at investigating the following aspects of the utilization of Sargassum spp.
in Costa Rica:
1. Assess the availability of Sargassum spp. biomass in the study
area.
2. Check if the effects of Sargassum spp. observed in laying hens in
intensive production systems can be reproduced under scavenging
low-input conditions.
3. Give an outlook on potential fields of application, benefits and
limitations of the processing of Sargassum spp. destined to
supplement animal nutrition.
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4 Methods and Material
4.1 Seaweed sampling
The entire research was carried out in the region of Talamanca on the
Atlantic coast of Costa Rica bordering Panama (Figure 1).

Figure 1 Location of the study area (Source: modified from http://m1.paperblog.com)

The quantities of Sargassum spp. were measured on Manzanillo Beach
extending from Punta Uva to the village of Manzanillo in the province of
Talamanca during a period of eight weeks from May to July 2013. With a
Garmin 60CSx GPS handheld device the length of the beach was determined
and waypoints were marked every 200 meters. The coordinates are listed in
Figure 2.
As depicted in Figure 2, the beach was divided into three segments, each
comprising of eight GPS waypoints. The first segment included the GPS
waypoints 1-8, the second and third segment started with point 9 and point 17
respectively. One sampling unit was placed in each segment of the beach.
In each segment the initial point of the sampling unit was assigned by
randomly selecting one of the eight GPS waypoints corresponding to the
13

respective segment. The coordinates of the three sampling unit initial points
correspond to the GPS points N°6, N°14 and N°19.

Figure 2 Sampling units and GPS coordinates on Manzanillo Beach (Source: modified from
Google maps)

Each sampling unit comprises of five sampling plots. The plots are evenly
distributed along a transect of 50 meters parallel to the shore. The first sampling
plot starts after nine meters of the transect. Each plot is one meter long and two
meters wide which corresponds approximately to the width of the drift line.
All Sargassum spp. algae located within the 15 sampling plots have been
collected weekly. The algae were placed into Ziploc bags and labelled with the
corresponding number of sampling unit and plot. Sand and debris were
removed by rinsing with tap water. The fresh weight of Sargassum was
determined for each sample plot individually. The algae were sundried on low
racks with mash flooring or black plastic tarp (Figure 3) and the total dry weight
of Sargassum was measured.
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Figure 3 Sun-drying of Sargassum spp.

The coefficient of total dry and total fresh weight was then used to
generate dry weight of Sargassum spp. per sample plot. With these values an
estimate of dried Sargassum spp. for each sampling unit was achieved by
multiplying with factor 10.

4.2 Feeding trial
Sargassum spp. was tested for effects on egg parameters with the
participation of four local farmers in an on-farm trial.

4.2.1 Site description
The case study took place in the community of Hone Creek, Talamanca,
situated approximately 4 km away from the shore. According to the climate
classification system of Lauer and Frankenberg (1987) the region is situated in
the humid tropics of the lowlands.
Many settlers of Hone Creek are of Nicaraguan origin and have migrated
during the civil war of the 1980s. The village started to grow in what had been
indigenous territory with employment arising in the agricultural sector. Cacao
(Theobroma cacao) was the most important cash crop in the area before the
epidemic spread of the Monilia pod rot (Moniliophthora roreri) caused the
industry to break down and international companies started to establish large
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scale banana plantations. While nowadays the community has a primary school
and two secondary schools can be reached within a nine kilometre radius,
illiteracy is present among older people. The community has a rural character
with dirt roads and lots that allow for some small-scale farming activities of their
owners. Figure 4 shows a typical home garden belonging to one of the farm
houses (right).

Figure 4 Small-scale plantain plantation (picture left) and farmhouse backyard with fruit trees

People mostly grow fruit trees like mamon (Melicocca bijuga), nance
(Brysonima crassifolia), star fruit (Averrhoa carambola), malay apple (Syzygium
malaccense), bananas and plantains (Musa spp.) for their own consumption.
Coconut palms (Cocos nucifera) and peach palms (Bactris gasipaes) are also
commonly found in the area. Less people engage in the cultivation of maize
(Zea mays) or cassava (Esculenta manihot), taro (Colocasia esculenta) grows
well but is not very popular with the locals.

4.2.2 Participants and chicken husbandry systems
The content and objective of the study were presented to the public in the
Yüe communitarian centre in Carbón, Hone Creek. The centre carries out
various workshops open to all interested community members and runs a small
school for local children to learn English. Several women of the village were
willing to participate in the feeding trial using different feed mixtures with their
flocks of chicken to compare the effects of seaweed and protein supplements
on egg production and quality parameters. Interviews with these women and
visits to their houses revealed, that only four households fulfilled the necessary
criteria to ensure the feasibility of the study and similar test conditions:
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1. Having a minimum number of ten adult female animals.
2. Collecting all the laid eggs on a daily basis which implies existing
nest areas and/or knowledge of other places that are favoured by
their hens to lay eggs.
3. Keeping their chicken in an extensive husbandry system on a freerange basis with a diet solely composed of pasture, food scraps
and crop residues from the above named home-grown plants and
maize, exceptions are made with chicks.
The following women met the requirements and voluntarily decided to take part
in the feeding trial:
•

Gumercinda García Soza: The farmer keeps 15 hens and two
roosters on the premise. Chicks from own rearing are kept together
with the adult birds but feed separately in feeding cages. Feeding
takes place in the morning and in the afternoon with an average
daily quantity of 1055 g for the entire flock excluding the chicks that
receive starter/grower concentrate.

•

Romalda García Mendoza: Her flock consists of 11 hens, one
rooster and one female grower. Chicks are kept together with adult
birds; losses of young chicks due to predation are high. The farmer
feeds once daily in the afternoon an average amount of 512 g for
the entire flock. As supplemental feed source the farmer supplies
the flesh of coconuts grown in the backyard.

•

Leonor Lanza Oliva: The farmer manages 15 hens, one rooster,
four male chicks and one duck. An average daily feed amount of
1,628 g is provided to all animals in the morning.

•

Beleida Mejía Tablada: The woman keeps 14 hens, one rooster
and three chicks. The animals are fed twice daily in the morning
and in the afternoon with an average total daily amount of 1,477 g.

All four women kept their flock of birds in free-ranging systems, with two women
(Gumercinda and Beleida) locking their birds in a chicken coop overnight and
the other two (Romalda and Leonor) letting them sleep outside in the trees.
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All farmers usually supply maize to their chickens, which is purchased at
the local stores according to their financial liquidity. It is a common practice
among the women to purchase broiler chicks for fattening. These chicks are
kept separately from the others in an enclosure at all times and are fed with
customized starter/grower concentrate. None of the farmers keep commercial
layer breeds (Figure 5). Hens and roosters are mostly nondescript crossbreds
and originate from rearing of own or purchased eggs. All women had one or two
naked neck Criollo hens among their chickens but only one woman (Romalda)
kept two hens of the smaller game fowl type. Some animals are exchanged
among friends or family members, especially adult roosters are periodically
replaced to prevent inbreeding.

Figure 5 Scavenging flocks and broiler chicks (top right) of participating farmers; Nest facilities
for hens (bottom)

4.2.3 Design of feeding trial and data collection
Three different diets were tested on all farms with an adaption period of
14 days each, followed by a five day sampling period. The diets were composed
on the basis of maize meal with diet A being the treatment with 3 % of ground
Sargassum spp. and 97 % of maize, diet B being a protein improved control diet
containing 10 % of high protein soya meal and 90 % of maize and diet C being
the control diet consisting of 100 % maize. Sargassum spp. was processed as
described in chapter 3.1 and ground in a grain mill that is used in rural
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households to grind maize for tortillas (Figure 6). Maize and soya meal were
purchased at a local supplier.
The sequence of the diets was randomly assigned to each household, an
overview is provided in Table 1. During each period a sample of 50 g each of
every feedstuff was taken at every household for analysis of the nutritional
value. The Weende-Analysis was used to determine dry matter, crude ash,
crude lipids and crude fibre fractions of the three diets and the Sargassum spp.
meal. Crude protein contents of the samples were calculated after the
determination

of

Nitrogen

using

the

Dumas

method.

The

apparent

metabolizable energy for maize and soya was calculated with equations by
Janssen (1989) as recommended by the NRC (1994):
ME maize [kcal/kg] = 36.21*CP%+85.44*EE%+37.26*NFE%
ME soya [kcal/kg] = 37.5*CP%+46.39*EE%+14.9*NFE%
The nutritional information indicated by the feed manufacturer INOLASA was
used for the calculation of the ME of the pure soya meal. The nitrogen free
extract results from:
NFE% = 100-CP%-EE%-CA%-CF%
To estimate the metabolizable energy of diets A and C, the formula for maize
was used. For diet B it was calculated using the results for the metabolizable
energy of maize and soya:
ME diet B [kcal/kg] = 0.9*ME maize [kcal/kg] +0.1*ME soya [kcal/kg]
Table 1 Experimental diets and sequences

Period

Leonor

Beleida

Romalda

Gumercinda

20.05.-02.06.

Diet C

Diet A

Diet B

Diet C

03.06.-07.06. sampling
08.06.-21.06.
22.06.-26.06. sampling
27.06.-10.07.
11.07.-15.07. sampling

Diet C
Diet B
Diet B
Diet A
Diet A

Diet A
Diet C
Diet C
Diet B
Diet B

Diet B
Diet C
Diet C
Diet A
Diet A

Diet C
Diet A
Diet A
Diet B
Diet B
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Farmers were provided with the different feed mixtures during the course
of the experiment on a weekly basis. The daily feed quantities used by the
farmers were determined and weighed in each household separately in an
assessment prior to the feeding trial. Farmers were visited on three days at
feeding time and feed quantities used were weighed and recorded. Feed
quantities during the trial were adjusted to the average feed usage of the
respective farmer, as some farmers had objections on the effects of altering
their feed rations. Transparent plastic jugs were distributed to the farmers with
their daily ration of feed marked to ensure consistency in feeding quantities
(Figure 6). With the introduction of a new diet, the level of the measuring jug
was checked for accuracy and modified when needed.

Figure 6 Ground Sargassum spp. (right) and measuring jar used by the farmers

Farmers were asked to monitor changes in the size of the flock due to
losses, slaughtering, sales, purchases and hatching of chicks during the course
of the study. Additionally, farmers’ observations on broodiness of hens or
molting birds were recorded. Feed rations per animal and number of eggs per
actively laying hen were calculated accordingly for each period.
In a protocol that was maintained for each of the participants, egg
numbers were recorded and weights of all eggs were measured every day
during the five day sampling periods in each household after adjusting the
animals to each of the three diets respectively. All parameters were measured
and calculated separately for each farm. Eggs were purchased from the
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producers on one day per sampling period to determine yolk colours and shell
weights. The shells were washed and sundried before weighing. Weights of
eggs and shells were determined with an AWS digital scale with an accuracy of
0.1 g. The egg yolk colour scores were defined using a DSM yolk colour fan
(Figure 7).

Figure 7 Egg samples and yolk colour determination with the DSM colour fan

The egg numbers were used to calculate the eggs per hen and day,
whereby xij is the average number of eggs per day in sampling period i and for
farmer j and nij the respective number of laying hens. All hens that had been
observed molting, brooding or raising their chicks were not included in this
number.

Eggs per HD

xij
nij

Average daily egg mass (mij) during period i and for farmer j was
calculated by summing up the measured egg weights per sampling day for each
of the five sampling days and computing the arithmetic mean. The daily egg
mass per hen during a sampling period was then calculated as follows:

/

∗

For the calculation of the feed conversion ratio, the amount of feed in kg
needed for the production of one kg eggs was determined using the parameters
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feed portion per animal during period i and on farm j (pij), the number of laying
hens (nij) and average daily egg mass (mij).
% ∗

⁄"

! " #

Shell strength was measured indirectly by weighing the washed and dried
shells. Shell percentage was then calculated using shell weight and the
corresponding egg weight.
&
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The same values were used to calculate the net weight of the inner egg parts
albumen and yolk.
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4.2.4 Statistical analysis
The data was analysed with the SAS 9.3 statistics software package using
the GLM procedure. The normal distribution of the residuals was checked with
the Shapiro-Wilk test. Normal distribution was assumed for all p-values with
p>0.05. For the comparison of the yolk colour scores a categorical data analysis
using PROC GENMOD was carried out.
As there was no laying activity of Beleida’s hens during the third sampling
period, her dataset is incomplete. The analysis of the different egg parameters
was therefore carried out twice, once including the data from Beleida’s farm and
again without her data. As the results of both analyses were not contradictory,
the observations from all four farms were included in the evaluation of treatment
effects.
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5 Results
5.1 Observations on beach-cast Sargassum spp.
Sargassum spp. quantities showed high fluctuations locally and over time.
The distribution of Sargassum spp. did not occur homogeneously along the
beach. Section 3 was completely devoid of Sargassum spp. during three out of
seven sampling days. Figure 8 depicts the weights of Sargassum spp. samples
after sun-drying grouped by dates and sampling sections.

Figure 8 Dry weight of Sargassum spp. sampled according to date and section

Maximum total amounts have been found on the 22nd of May 2013
summing up to 2,548 g of dried algae. On the 29th of May 2013 dry weights of
Sargassum spp. in all three sections together amounted to only 70 g
representing the lower boundary of quantities collected during the entire
sampling period. As the data shows drastic variation the median is preferred to
the arithmetic mean to describe the amounts of biomass gathered during
sampling. The median value for total dry weight of Sargassum spp. per tide in
the sampled areas is 370 g with an interquartile range of 930.
Figure 9 illustrates the variance of Sargassum spp. biomass in dry weight
over the entire sampling period. Per section there are n = 7 observations
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Figure 9 Occurrence of Sargassum spp. in the three sampling sections

The samples of Sargassum spp. lost on average 83 % of weight (SD 3.9,
n = 7) after drying. Sun drying required a minimum of two days with regular
stirring of the seaweed. The time needed to grind one kg of dried seaweed with
the traditionally used grain mill exceeded one hour.

5.2 Feeding trial
Results of the analysis of the feed samples are presented in table 2.
Table 2 Nutritional composition of the diet A (93 % maize meal and 3 % Sargassum spp. meal),
diet B (90 % maize meal and 10 % soya meal) and diet C (control: 100 % maize
meal). Values are expressed in reference to dry matter

Diet A
Diet B
Diet C
Sargassum meal

Dry matter
[%]
85.2
84.8
85.3
84.6

CP
[%]
8.86
13.47
8.54
6.5

CL
[%]
1.35
1.55
1.16
0.18

CF
[%]
2.87
2.82
3.11
12.26

Ash
[%]
2.49
2.11
1.48
30.05

NFE
[%]
84.4
80.1
85.7
51.0

ME
[kcal/kg]
3580
3487
3602

In all farms the chickens showed very good acceptance of the taste and
presentation of all diets concordantly. Higher water intakes by the birds were
observed by two farmers when fed the seaweed supplemented diet A. Farmers
were satisfied with the feed and had no objections during the trial. There were
no cases of illness among the chickens that could be related to a change in the
diet. Alterations in smell or taste of the eggs through the dietary inclusion of
Sargassum spp. have not been observed.
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The analysis of treatment differences in egg weight showed higher egg
weights during diet B than during the diet C (p = 0.034). As displayed in Figure
10, egg weights without their shells varied concordantly for the experimental
diets, though the differences here had no statistical significance.
70

LS means weight [g]

65
60
55
50

Egg weight

45

Egg weight without shell

40
35
30
Diet A

Diet B

Diet C

treatment
Figure 10 LS means for egg weights for diet A (93 % maize meal and 3 % Sargassum spp.
meal), diet B (90 % maize meal and 10 % soya meal) and diet C (control: 100 %
maize meal)

The results presented in table 3 show selected parameters with their
respective least squares means and standard errors for the three treatment
groups. The differences only indicate tendencies as there was no statistical
significance in the comparison of these means. Diet A seemed to have
favourable effects on egg mass [g/hen*day], egg numbers per day and per hen
and feed conversion ratio [kg feed/kg eggs]. Shell percentage measured for diet
A was equal to the mean for diet B.
Table 3 Results for egg production parameters and shell percentage with standard errors for
diet A (93 % maize meal and 3 % Sargassum spp. meal), diet B (90 % maize meal
and 10 % soya meal) and diet C (control: 100 % maize meal). Egg mass is expressed
as [g/hd];

Egg mass

SE

Eggs/d

SE

Eggs/hd

SE

SPC

SE

FCR

SE

Diet A

22.06

2.09

4.94

0.40

0.41

0.04

9.29

0.25

3.22

0.28

Diet B

17.24

2.48

4.88

0.44

0.28

0.05

9.29

0.29

3.67

0.34

Diet C

20.57

2.29

3.82

0.47

0.35

0.05

9.09

0.27

3.29

0.31
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The colour scores measured were all in the range of 9 to 12 on the DSM
colour fan. Table 4 shows treatment comparisons with estimates of differences
between treatment means. 61 % of egg yolks analysed for diet A had scores of
11 or 12. For diet B and diet C only 29 % and 30 % of the yolks examined were
in the range of 11 and 12, the rest scored 9 or 10.
Table 4 Pairwise comparisons of yolk colour scores obtained with the GENMOD procedure with
standard errors for diet A (93 % maize meal and 3 % Sargassum spp. meal), diet B
(90 % maize meal and 10 % soya meal) and diet C (control: 100 % maize meal)

treatment_treatment

Estimate

SE

p-value

Diet A

Diet C

1.2

0.76

0.107

Diet A

Diet B

1.4

0.75

0.055

Diet C

Diet B

0.2

0.68

0.753
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6 Discussion
6.1

Evaluation of sampled quantities of Sargassum spp.
Locals confirmed the personal assumption that due to the unusual weather

conditions encountered during the sampling period from May to July 2013,
which normally marks the beginning of the rainy season with heavy rains and
storms, the amounts of beach-cast seaweed were lower than in other years. A
long-term monitoring of pelagic Sargassum spp. would be required to identify its
seasonal and geographical patterns and to be able to estimate available
quantities throughout the year. In lack of more accurate data on biomass of
pelagic Sargassum spp. reaching the shores of that region, the data generated
during the sampling period is used to discuss the scope of a local seaweed
processing industry.
The average quantity of Sargassum spp. per tide on all sampling plots
together was 370 g dry weight. Multiplied by two, we obtain the value for daily
available biomass, which amounts to 740 g dry weight on a stretch of 150 m.
Calculating with the measured length of Manzanillo Beach of 4,783 m this sums
up to 23,596 g that can be collected every day. On inclusion of other nearby
beaches in the area, a shoreline of approximately 19 km could be used for the
collection of Sargassum spp. Assuming a similar incidence of seaweed on
these beaches there is an amount of 93.7 kg of dried Sargassum spp. per day
that could be produced from collections of fresh material. These figures are
highly hypothetical and would have to be confirmed through repeated
measurements. During the sampling period thick carpets of drifting material
washed ashore with different proportions of seaweed, woody debris and trash
could be observed in different parts of the beach but never coincided with the
sampling units. In contrast, parts of the beach remained free from any stranded
material during the whole time period. Figure 11 shows impressions of
Manzanillo Beach captured on different dates. At times there was no incidence
of Sargassum spp. except for its swim bladders that the waves deposited at the
beach (picture bottom right).
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Figure 11 Seaweed accumulations (top) and “clean” sand stretches on Manzanillo Beach

We can assume that not the entire biomass of Sargassum spp. drifting
ashore can be used, as some of it will start decaying before it is collected and
another part will not be collected, as it stranded in areas that are not accessible
or is simply not found by the collectors. If we estimate that 60 % of Sargassum
spp. is actually processed, the amounts of dried seaweed meal that could be
produced in the area reach an amount of 56.2 kg. The amounts of stranded
seaweed cannot be predicted with certainty throughout the year but according
to personal observations major quantities are rather an exception. The stability
of the biomass supply is dubious because of high daily fluctuations that have
been observed and the seasonality reported in the literature. An industrial
exploitation solely focusing on beach-cast Sargassum spp. is therefore unlikely.
With the estimated quantities of algal biomass, a sophisticated automated
collection and drying with high energy inputs can be judged to be uneconomic,
especially as the final produce is not a high value commodity, such as Spirulina
or other algae destined for human consumption or health purposes.
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6.1.1 The incorporation of benthic algae for processing and marketing
To date there are no harvesting activities of standing stocks of benthic
macroalgae registered along the Costa Rican coast in the Caribbean. As
Sargassaceae are highly abundant in intertidal zones there is possibly a large
unexploited potential of natural stocks of seaweed. An assessment would have
to look into:
1. Standing stock of biomass in the area
2. Percentage of seaweeds that can be harvested and regeneration
time required after harvesting to define cycle lengths ensuring
sustainability of the activity
3. Harvesting techniques and costs arising along the production chain
4. Environmental impact of seaweed harvesting and legal regulations
Figure 12 depicts the processing stages to obtain ground seaweed as feed
additive in layer concentrate. Washing rinses off remaining sand and lowers the
salt content of the final product.

Figure 12 Schematic illustration of seaweed processing (Source: modified from Brault et al.
(1983))
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Processing and marketing of seaweed enriched animal feed for the
domestic market could be of interest for the chicken industry (layers and
broilers) and for marine aquaculture. FAOSTAT ranks indigenous chicken meat
at the fifth position of the top ten agricultural commodities in Costa Rica
according to its production value in 2011, hen eggs take the 13th position on the
list. Capture fisheries declined from 35,000 t in 2000 to 22,000 t in 2010.
Simultaneously, aquaculture increased in importance with a production of
10,000 t in 2000 rising to 27,000 t in 2010 and exceeding capture fisheries since
2005 (FAOSTAT, 2013). In both applications for poultry and for shrimp
concentrations of 3 % to 6 % of Sargassum spp. meal have previously been
recommended (Casas-Valdez, Portillo-Clark, et al. 2006; Al-Harthi & El-Deek
2012; Carrillo et al. 2012). Companies such as AlgeaFeed or Acadian
Seaplants Ltd. market pure seaweed meal that their buyers can incorporate in
customized animal diets according to the animal specific recommendations.

6.1.2 Ecological considerations on seaweed harvesting and collection
Environmental problems arising through overuse of marine macro-algae
led to considerations on restricting the permitted harvestable quantity. The
South Atlantic Fishery Management Council recommended an upper limit of a
maximum sustainable yield of pelagic Sargassum spp. at 100,000 metric tons of
wet weight per annum (South Atlantic Fishery Management Council 2002).
Harvest of pelagic Sargassum spp. is further restricted to certain areas and time
periods to protect the ecosystem evolving around drifting Sargassum spp.
Studies on the interaction of terrestrial fauna and marine algae cast ashore
revealed that abundance and diversity of fauna are highly associated to the
presence of seaweed (Ince, Hyndes, Lavery, & Vanderklift, 2007). Dugan et al.
(2003) suggest a definition of beach zones cleared from wrack being
intercepted by stretches of beach where seaweed remains and provides food
and habitat for a variety of species. Other scientists mention the negative effect
that heaps of beach-cast macro-algae have on marine turtles visiting the
beaches preventing them to bury their eggs in the sand and argue for the
removal of seaweed (Williams & Feagin, 2007). In areas of touristic importance
beaches are cleared of seaweed to avoid harassments through the smell and
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the sight of stranded algae. In Galveston Beach, Texas, a study by Williams &
Feagin (2007) could not confirm the concern that beach raking caused erosion.
A committee bringing together various stakeholders decides on incidences
regarding beach-cast Sargassum spp.

6.2 Utilisation of Sargassum spp. by smallholders in the study area
Processing of Sargassum spp. to seaweed meal for the feeding trial
proved time and labour intensive. The drying of seaweed, though taking its time,
does not require skills or physical strength and the amount of time involved to
stir the seaweed is low but has to be repeated periodically. The opportunity cost
of labour is low, especially for youths and elderly women in the study area, as
they are often unemployed the latter staying at home at most times taking care
of house, garden and various family members. It is of importance to cover the
seaweed in case of rains and therefore requires the constant presence of a
person in close proximity. Seaweed can be dried on the ground or preferably off
ground to enable air circulation. The drying racks used for the fermentation of
raw cacao beans (Theobroma cacao) in the region could be applied for the
drying of seaweed as confirmed by one smallholder formerly dedicated to the
processing of cacao. While gathering and drying of seaweed can be carried out
easily with least inputs, milling requires great effort and time with conventional
hand-operated grain mills. It proved to be easier grinding the slightly wilted
Sargassum spp. and drying these smaller pieces before milling them a second
time to obtain the crushed final product. This straining procedure can be
considered the main limitation for smallholders to utilise this free resource.

6.3 Evaluation of the effects of Sargassum spp. in the case study with
scavenging hens
In the following paragraphs the compositions of the experimental diets
used in the feeding trial and their nutritional values are discussed. Expected and
observed outcomes during the trial are presented along with relevant
information from scientific studies. A conclusion is drawn on the benefits for
smallholders using Sargassum spp. for their scavenging hens.
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6.3.1 Diet compositions
a) Feed analysis
The analysis of the ground maize used as basal diet in the feeding trial
showed a very low content of lipids. The comparison of the nutritional analysis
of maize in different countries indicates that regional differences occur, but our
measurements for crude lipids are notably below the results from other studies
(Table 5). Results of feed analyses of maize have been found to vary with
variety (East & Jones, 1920; Mainka, 2009) and provenance considering growth
conditions such as soil, climate parameters and fertilizer management
(Blackmer et al. 1989; Jeroch et al. 1999; Graß & Scheffer 2004). The results
from our analysis of ground maize for lipids and protein were below the
observed range in other studies while the proportion of crude fibre was rather
high, which could indicate, that maize grains were not the sole component of
the meal. The recommendations for crude protein by the NRC (1994) for hens
at the beginning of their first laying period are around 16 %. The protein level of
diet B did not exceed 11.4 % CP as fed. Unless the protein requirements of the
scavenging hens could be satisfied by insects or plant sources, this indicates a
deficient supply of protein in the feed. The NRC (1994) estimates that hens with
an egg production of 50 % require between 192 and 358 kcal ME per day
depending on their body weight (the range applies for hens with a body weight
between 1.0 and 3.0 kg). This calculation assumes ambient temperatures of
22 °C and 60 g egg weight. As in our case average temperatures are higher
year-round, egg weight on average is lower, and the laying rate is also inferior
than 50 % for the most parts we can conclude that ME requirements will be
lower than the levels suggested by the NRC (1994). Hens in our trial received
daily supplements of approximately 112 – 248 kcal ME per day calculating with
the different feed portions per farm and an average energy content of 3026 kcal
ME/kg as fed. As the chickens have access to additional feed sources, their
daily supply of ME should suffice the requirements in general but depends on
body weight, laying rate and feed portions in the specific cases.
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Table 5 Overview of nutritional analyses of maize carried out in different countries

Region

DM [%]

CP
[%DM]

EE
[%DM]

CF
[%DM]

Ash
[%DM]

NFE
[%DM]

Source

Tanzania

85.1

11.7

3.22

1.75

1.79

81.5

Kakengi
et al.
2007

Bangladesh

87.0

9.0

3.29

1.89

1.16

71.7

Rashid
et al.
2004

Germany

-

10.4

4.9

2.1

1.5

81.1

Jeroch
et al.
1999

North
America

87.2

9.5

4.1

2.3

1.4

82.7

Heuzé
& Tran
2013

Central-/
South
America

86.7

9.2

4.4

2.6

1.4

82.4

Heuzé
& Tran
2013

Costa Rica

85.3

8.5

1.2

3.1

1.5

85.7

Own
results,
2013

Table 6 gives an overview of nutritional analyses of Sargassum species
from different origins. Seasonal fluctuations in nutrient compositions have been
observed in studies that repeatedly sampled algae from the same site over a
prolonged period of time (Gorham & Lewey 1984; Jayasankar 1993; Honya et
al. 1994; O’Sullivan et al. 2010). Nutrient availability in the water also differs
geographically, which explains the different results obtained in different places.
The proportions of lipids and protein in the chemical composition of Sargassum
spp. are lower than the average values estimated for brown algae by
Montgomery & Gerking (1980) who indicate 4.8 % ± 1.8 lipid content and
8.3 % ± 0.5 protein content proportional to the dry weight. Honya et al. (1994)
observed an increased total lipid content in Laminaria japonica during the colder
winter months. Studies on different macroalgae of the North-eastern Pacific
Ocean confirmed this assumption (Nelson, Phleger, & Nichols, 2002). These
findings suggest that macroalgal species from temperate zones have a higher
nutritional value than tropical species.
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Table 6 Overview of nutritional analyses of Sargassum carried out in different countries

Region

DM
[%]

CP
[%DM]

EE
[%DM]

CF
[%DM]

Ash
[%DM]

NFE
[%DM]

Source

Red Sea,
Saudi Arabia

94.1

7.54

0.45

7.77

47.2

37.0

Al-Harthi &
El-Deek
2012

-

92.6

6.57

1.05

6.55

38.4

47.4

Carrillo et
al. 2012

Pacific,
Mexico

88.8

7.7

1.97

9.29

31.0

50.0

CasasValdez,
HernándezContreras,
et al. 2006

Pacific,
Mexico

-

5.99

0.58

12.75

38.5

42.2

Gojon-Baéz
et al. 1998

Pacific,
Mexico

91.3

11.5

3.09

5.2

36.76

43.5

VegaVillasante
et al. 2006

Atlantic,
Costa Rica

84.6

6.5

0.18

12.26

30.1

51.0

Own
results,
2013

b) The experimental diets
Different concentrations of Sargassum spp. meal have been tested in the
diet of laying hens in scientific studies. The side effect of including Sargassum
spp. meal at concentrations of 6 % and 4 % to lower egg cholesterol levels
caused a significant decrease in laying rate and egg weight (Mohammed A. AlHarthi & El-Deek, 2011; Carrillo et al., 2012). A supplementation of 3 % did not
alter egg production and the feed conversion ratio was better than for treatment
diets containing 0 % and 6 % algal meal (Mohammed A. Al-Harthi & El-Deek,
2011). Additionally, eggshells showed greatest thickness at 3 % inclusion rates.
At a 6 % seaweed level in the layers’ diet, shell percentage decreased
significantly with the possible explanation of higher sodium concentrations
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affecting the availability of calcium. As smallholders in Costa Rica sell their eggs
on informal markets, they cannot expect a price premium paid for eggs with
lowered cholesterol level. Improvements in egg shell stability, feed conversion
ratio and yolk colour though are important factors to improve income and
customer preferences. Concluding from the above mentioned studies, a feed
additive of 3 % Sargassum spp. meal was chosen to test for the effect on
productive parameters and selected aspects of egg quality.
The maize-soymeal diet was intended to detect possible protein
deficiencies in the diet that act limiting to the productivity of the hens. Studies on
scavenging hens in Kenya (Kingori, Wachira, & Tuitoek, 2010) and Sri Lanka
(Gunaratne et al., 1993) indicated that the protein:energy balance of the feed
sources was not optimal for egg production. Kyvsgaard & Urbina (1996) studied
scavenging systems in Nicaragua where sorghum was supplemented. They
suggested an improvement in nutritive value by adding protein-rich leaf meal.
Locally available plant resources such as Pejibaye (Bactris gasipaes), copra
meal or leaves are a recommendable option to enhance the dietary supply of
protein for smallholders rather than relying on costly soya imports. For the
purpose of our trial the latter was preferred as it could be easily incorporated in
the feed mixtures and stored.

6.3.2 Discussion of the results
The high variation in the dataset made it difficult to validate treatment
effects in the evaluation of the data. Significant differences in treatment results
could have possibly been achieved with a lowered standard error on inclusion of
more farmers, which unfortunately was not possible as no more suitable
participants could be identified in the community of Hone Creek. Various factors
could be the reason for the observed differences within and among the flocks
and likely it is a combination of several factors rather than one determinant that
explain the diverse observations. Table 7 lists parameters that are influenced by
age, genotype and the nutritional supply of the hens. The lists are not
exhaustive but present selected references of scientific research relevant to the
context.
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Table 7 Influence of age, genotype and feed on egg production and quality

Parameter

Age

Genotype

Feed
quantity

Feed composition

Egg weight

Adams & Bell
1998; Van Den
Brand et al.
2004; Rizzi &
Cassandro
2009; Zita et al.
2009

Barua et al. 1998;
Demeke 2004;
Khan et al. 2004;
Zaman et al.
2004; Ershad
2005; Yakubu et
al. 2007; Zita et
al. 2009

Barua et
al. 1998;
Zaman et
al. 2004

Pingel 1994; Rashid et al.
2004; Rama Rao et al.
2011

Egg
numbers,
egg mass

Pingel 1994

Barua et al. 1998;
Demeke 2004;
Zaman et al.
2004; Ershad
2005; Yakubu et
al. 2007

Barua et
al. 1998;
Demeke
2004

Pingel 1994; Kyvsgaard &
Urbina 1996; Dana &
Ogle 2002; Rashid et al.
2004; Inal et al. 2001;
Mekonnen et al. 2010;
Afolabi et al. 2012

Shell
thickness,
shell
weight

Roberts & Ball
2003; Van Den
Brand et al.
2004; Zaman et
al. 2004; Zita et
al. 2009

Khan et al. 2004;
Zaman et al.
2004; Ershad
2005; Zita et al.
2009

Kyvsgaard & Urbina
1996; Rashid et al. 2004;
Afolabi et al. 2012

FCR

Dana & Ogle
2002; Demeke
2004; Ershad
2005

Al-Harthi & El-Deek
2011; Afolabi et al. 2012

Yolk
colour

Zaman et al.
2004

Saxena et al. 1983;
Gouveia et al. 1996;
Demeke 2004; Ponsano et
al. 2004; Van Den Brand
et al. 2004; Rizzi et al.
2006; Moges et al. 2010;
Adrizal et al. 2011;
Zahroojian et al. 2011;
Al-Harthi & El-Deek
2012

The effect of the experimental diets might not have reached its full extent
by the time of the sampling, as adaptation periods to the diets were comparably
short. Trials to test the effects of feedstuffs or management systems on egg
production and quality parameters have been reported running for a duration of
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six to 51 weeks, often with repetitive sampling periods (Adrizal et al., 2011;
Mohammed A. Al-Harthi & El-Deek, 2011; Demeke, 2004; Kaufmann et al.,
1998; Rama Rao et al., 2011; Rashid et al., 2004; C. Rizzi & Cassandro, 2009;
L. Rizzi et al., 2006).
Another important aspect influencing the productivity of hens is the
prevalence of parasites. Various species of nematodes have been found in local
village chickens in Zimbabwe (Mukaratirwa et al., 2001). Farmers in our trial did
not buy drugs to free their birds of parasites, although some explained that they
observed a deworming quality of certain plants that the chickens feed on.
Marín-Gómez & Benavides-Montaño (2007) studied the incidence of ecto- and
endoparasites of low-input poultry systems in Colombia and stated the
importance of sanitary and medical interventions to optimise the productivity of
the animals.
a) Egg weight
The higher egg weights measured during diet B compared to the control
diet C in our trial could be an effect of improved protein supply of the hens. As
farm eggs are not graded according to their weight, there is no direct marketing
benefit in increased egg weight for the farmers in our trial. Egg numbers per hen
did not increase with diet B as effect of increased crude protein levels as
suggested by Kyvsgaard & Urbina (1996) and Mekonnen et al. (2010). Pingel
(1994) states that in consequence of a deficiency in amino acids egg weights
decrease first and in a later stage egg numbers are being reduced. Possibly, in
our trial the dietary protein level under normal conditions was not as low as to
affect the laying rate. Alternatively, more time was required for the hens to
increase egg production with improved protein levels and the effect would have
been revealed only after prolonged feeding of diet B.
While the mean egg weights were very similar in three out of four farms in
our trial, the data indicates high variation at each farm (Table 8). Flocks were
not homogenous in age and breed composition, which could explain differences
in the measured egg weights. Egg weights were lowest for the flock receiving
least amounts of feed per hen. Conversely, only slight differences in egg
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weights were visible across the other farms, though feed portions per hen
differed.
Table 8 Mean egg weights on farm level with standard deviations and number of observations
(n)

Beleida
Romalda
Leonor
Gumercinda
Mean

Feed [g/day]
82
37
78
62

Egg weight [g]
57.1
50.3
57.6
57.8
56.2

SD
4.82
5.19
7.80
4.99
6.88

n
47
47
103
56
253

Egg weight was found to increase with hen age (Rizzi & Cassandro 2009;
Adams & Bell 1998; Van Den Brand et al. 2004; Zita et al. 2009), while the
number of eggs per hen and day decreased (Pingel, 1994). Demeke et al.
(2004) reported unchanging egg weights in native and laying hens with and
without feed supplementation in scavenging systems. He concluded that
genotype was the decisive factor for egg weight, which has also been stated by
Barua et al. (1998), Khan et al. (2004), Zaman et al. (2004), Ershad (2005),
Yakubu et al. (2007) and Zita et al. (2009). On the contrary, increases in egg
weights have been attributed to supplemental feeding of scavenging hens (40 g
and 45 g per hen) by Barua et al. (1998) and Zaman et al. (2004) and following
an increase in dietary crude protein (Pingel, 1994; Rama Rao et al., 2011;
Rashid et al., 2004). Inal et al. (2001) observed lower egg weights when diets
were deficient in trace minerals and vitamins. Research on scavenging systems
and egg production of indigenous hens in the tropics has been carried out
predominantly in African and Asian countries and information on local breeds
and production systems in Central America is scarce. Comparisons of egg
weights across different countries reveal marked differences. Mean egg weights
for indigenous hens were reported to be in the range of 38.4 - 40.5 g in Nigeria
(Afolabi et al., 2012), 43 ± 4 g and 47 ± 1 g in Ethiopia (Moges et al., 2010) and
between 33 - 47 g in Kenya (Kingori et al., 2010). Eggs from Criollo hens in
Latin America were markedly heavier. Segura Correa et al. (2007) observed a
mean egg weight of 54 ± 5 g in Mexico, which is similar to the results of JuárezCaratachea & Pérez Torres (2003), who measured 55 ± 7 g. Recorded weights
across all farms in our trial ranged from 38.4 g to 70.2 g. Three eggs from
Leonor’s hens were abnormally heavy (86.7 g, 92.4 g and 96.0 g) and
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contained two yolks each. In the treatment analysis it was preferred to use the
median values for each farm and parameter instead of the arithmetic means to
avoid skewed results caused by outliers.
b) Shell percentage
The assumption that shell percentage would increase

with the

supplementation of Sargassum spp. to the diet could not be confirmed in the
trial. There was no consistent trend showing higher proportions of egg shell
during diet A. Shell percentage is only one parameter describing shell quality
and it was preferred in our trial as it can be calculated from the weights of eggs
and shells and no additional equipment is needed. Abdallah et al. (1993) proved
a negative correlation of the incidence of cracked eggs and shell percentage. A
highly significant positive correlation relating shell percentage to shell thickness
(0.85) and breaking strength (0.63) was observed by Schoorl & Boersma
(1962). Roberts & Ball (2003), Zita et al. (2009) and Zaman et al. (2004)
observed a decrease in shell percentage with increasing age of the hens. Van
Den Brand et al. (2004) were in accordance with these findings for hens kept in
cages, however, a comparative study with hens in an outdoor system revealed
high fluctuations in shell percentage over time, with a trend to an increased
proportion of egg shell with advanced age of the hens. Shell thickness and
weight were found to change dependent on the feed composition in studies by
Kyvsgaard & Urbina (1996) and Afolabi et al. (2012). Shell percentages on
average were rather low on all farms in our trial (Table 9) compared to values
measured by Rashid et al. (2004) and Ershad (2005), who observed proportions
of shell of 10.1 % and 10.09 % ± 0.12 respectively in fully scavenging hens and
there were no significant differences to shell percentages by hens with
supplemental feed.
Table 9 Mean shell percentages on farm level with standard deviations and number of
observations (n)

Beleida
Romalda
Leonor
Gumercinda
Mean

Feed [g/day]
82
37
78
62

Shell %
8.72
9.08
9.43
9.38
9.16

SD
0.555
0.682
0.682
0.710
0.807

n
13
16
15
14
58
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Shell percentages in our trial could be an indicator for an advanced age of the
hens.
c) Yolk colour
Information on the delay in response to a dietary treatment and its
progression over time is available for yolk colour changes following the feeding
of synthetic or natural pigments to laying hens. Ponsano et al. (2004) and
Zahroojian et al. (2011) reported a deposition of pigments in egg yolks caused
by dietary supplements of Rhodocyclus gelatinosus biomass (500-2,000 ppm),
Spirulina (1.5 %-2.5 %) or LucantinR (BASF; 65 mg/kg) after as little as 24 hours
for all treatments. Saxena et al. (1983) and Zahroojian et al. (2011) observed a
steady increase in yolk colour, reaching the maximum level after seven days.
The maximum response in yolk pigmentation was attained after eight to ten
days in studies by Gouveia et al. (1996) and Strand et al. (1998). Based on
these observations we can assume that the effect of the dietary inclusion of 3 %
Sargassum spp. should have reached its full extent after the adaptation period
of 14 days. Only the study by Ponsano et al. (2004) analysing eggs from hens
fed bacterial biomass indicates a culmination of pigmentation intensity after 20
days. The expected effect of an increase in yolk colour intensity by including
3 % of Sargassum spp. meal in the diet could be observed, but statistically not
substantiated (p = 0.055). In trials testing for the effect of algae to enhance yolk
pigmentation,

hens

were

put

on

a

carotenoid

depleted diet

before

supplementing the algal meal and hens were kept in confinement (Saxena et
al., 1983; Zahroojian et al., 2011). Saxena et al. (1983) measured colour scores
of 13.3 ± 0.16 in hens fed a diet containing 3 % of Spirulina compared to the
control group, where egg yolks only scored 1.5 ± 0.01 on the colour fan.
Zahroojian et al. (2011) found differences of 1.55 ± 0.11 (control group) vs.
11.66 ± 0.11 (2.5 % of Spirulina). There were no differences between the colour
enhancing effects of Spirulina in dietary concentrations of 2.5 % and the
supplementation of feed with synthetic pigments. While Zaman et al. (2004)
observed differences in yolk colours in different genotypes of hens on the same
diet, Demeke (2004) attributes the intensity of yolk pigmentation solely to the
feed source. Studies on the effect of scavenging revealed higher yolk colour
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scores for scavenging hens compared to hens of the same breed kept in
confinement (Moges et al., 2010; L. Rizzi et al., 2006; Van Den Brand et al.,
2004). This is explained by the intake of xantophylls and carotenes found in
green forage and fruits. Adrizal et al. (2011) noticed a decrease in yolk colour
after replacing yellow corn by palm kernel meal as a consequence of the lacking
carotenoids. Likewise, Saxena et al. (1983) monitored an increase in yolk colour
scores as dietary concentrations of maize increased. In our trial all eggs
showed high colour scores (9 - 12), irrespective of the farm, experimental diet
and feed quantity. This shows that the supplemental maize feeding together
with the pasture provided a good source of carotenoids on all farms at all times.
d) FCR
The enhanced feed conversion ratio (kg feed/kg eggs) in Hy-line laying
hens attributed to a diet containing 3 % of Sargassum spp. meal reported by AlHarthi & El-Deek (2011) could not be sustained in our trial with scavenging
hens. Feed conversion ratio on farm level for the experimental diets changed,
but results on the different farms were contradicting and no evidence of better
feed conversion could be attributed to any of the diets. Demeke (2004) argues
that due to the poor feed utilization efficiency of indigenous hens in Ethiopia
compared to Leghorn hens, costs for supplemental feeding are disproportionate
to the benefit in form of an increase in egg production. He identified the
hardiness and high survival rates of local chickens in low-input systems as their
main asset. Zaman et al. (2004) compared different genotypes in semiscavenging systems and concluded that productivity of the management system
can be improved following an assessment of genotype x environment
interactions under the given conditions to develop strategies for selective
(cross-) breeding.
Feed conversion ratio was found to be influenced by genotype (Dana &
Ogle 2002; Demeke 2004; Ershad 2005), diet (Al-Harthi & El-Deek 2011;
Afolabi et al. 2012) and by the hen’s age, as egg numbers per hen decrease
with age (Pingel, 1994). Two aspects regarding feed intake of the chickens
under the field conditions in our trial have to be considered:
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1. As all chickens scavenged for food during the day, the total amount
of feed ingested per day and hen could not be determined. Though
available feed resources apart from the experimental diets in most
farms were fairly similar in composition, quantities of food scraps or
crop residues can vary from day to day and depend on availability
at household level.
2. The amount of supplemented feed indicated is the amount
calculated for the supply for each farmer. As feed can spill when
administered to the birds, the feed consumption per hen is therefore
probably an overestimation. Farmers stated that there were no
leftovers after feeding time. Still, it was not possible to measure with
certainty the exact feed intake for the experimental diets.
Kyvsgaard & Urbina (1996) avoided the problem of differing household
conditions in a trial testing for the success of incorporating leaf meal to a grain
diet for chickens by building their results on personal observations of the
participating smallholders in rural Nicaragua. In informal conversations with the
farmers in our trial, they were asked to rank the different diets according to their
preference. As they did not feed all three diets simultaneously, they found it
hard to compare. Only one farmer stated to have noticed treatment differences,
namely an improved egg production for diet A. Gunaratne et al. (1993) analysed
the content of crop and gizzard, evaluated blood Calcium and Phosphorus
levels and took various samples of household residues fed to scavenging
chickens in Sri Lanka. These kinds of interventions require laboratory facilities
and the consent of the participating farmers but are certainly a good way to
obtain a better understanding of feed quantities and the composition of total
feed ingested by scavenging hens. Feed conversion in scavenging hens with
supplemental feeding of 60 g/hen*day were 3.64 kg feed/kg eggs in Ethiopia
(Demeke 2004) and under similar management conditions (scavenging with a
60 g feed supplement) between 3.41 and 3.90 kg feed/kg eggs in Bangladesh
(Rashid et al., 2004). These results are consistent with the average feed
conversion ratio across all farms in our trial. The differences in feed portions per
animal on the four farms could have affected the results for egg weight, but
values for egg numbers (n/hen*day), egg mass (g/hen*day), shell percentage
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and yolk colour score did not show consistent trends with changing feed
quantities. As there were differences in genotype and body size of the hens
(visual observations), the feed requirements and efficiencies are also expected
to vary.
Table 10 Feed conversion ratio [kg feed/kg eggs] on farm level with standard deviations and
number of observations (n)

Beleida
Romalda
Leonor
Gumercinda
Mean

Feed [g/day]
82
37
78
62

FCR
4.0
2.4
3.1
4.2
3.4

SD
0.14
1.05
0.57
0.46
0.96

n
2
3
3
3
11

6.3.3 Relevance of Sargassum spp. as feed supplement in scavenging
systems
The feeding trial could not provide sound evidence of benefits for the
smallholders using Sargassum spp. meal to supplement the diet for their
scavenging hens. As the discussion of the observations in our trial suggested,
the field conditions of the study i.e. differences in genotypes, age, the unknown
“true” feed intake and the possible prevalence of parasites could be sources of
bias in the results. Additionally, scientific investigations on scavenging systems
in developing countries suggested that breed selection and management
improvements had substantial effects on improved productivity, whereas the
productivity-enhancing effect of feeding was controversial under the given
conditions. Our results and references in the literature lead to the assumption,
that irrespective of the feed quantities and diet composition, major constraints to
egg production in the study area can be found in poor laying performance of the
existing breeds and poor management of animal health and in some cases
deficient housing. Positive effects of Sargassum spp. meal on egg production
and quality cannot be rejected on the basis of the results, but can only be
appraised when eliminating the above mentioned sources of error. The
expected colour enhancing effect of algal meal proved to be of minor
importance in our trial as yolk colours even for the control diet were appealing. It
43

can be concluded that this aspect of egg quality is more relevant in confined
systems and where maize is fed in lower proportions or is being totally replaced
by other carbohydrate sources.
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7 Outlook
7.1 Considerations for further research on the application of
Sargassum spp. for laying hens
Further research on Sargassum spp. for laying hens could focus on the
following aspects:
•

comparing treatment effects in different breeds (native, dual
purpose vs. specialised layer breeds);

•

comparing treatment effects under different management and
housing systems (free-range vs. confined, conventional vs.
organic);

•

comparing treatment effects of diets with different concentrations of
Sargassum spp. and calculating costs and benefits replacing
synthetic pigments with Sargassum meal;

The experiments should be designed in compliance with the following
requirements:
•

Effects are tested over prolonged periods of time and seasonal
variations in the nutrient composition of Sargassum spp. are
assessed.

•

Sources of bias in on-farm trials resulting from differences in
genotype, age etc. should be eliminated. Ideally, temperature and
rainfall data are measured during trials in scavenging systems on
the farms or close-by to include the effect of climate in the analysis.

The advantages of prebiotics in poultry production have been confirmed in
various studies and positive effects on performance, nutrient uptake and animal
health could be observed (Hajati & Rezaei, 2010; Patterson & Burkholder, 2003;
Sinovec & Markovic, 2005). No literature is available so far on the application of
prebiotics extracted from macro algae in laying hens. The results from
experiments using Ascophyllum nodosum at low concentrations (0.25 %) with
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broilers rendered promising results which encourage further research, as it
could contribute to a reduction in the use of antibiotics (Wiseman, 2012).

7.2 Possible stakeholders in the marketing of Sargassum spp.
As pelagic Sargassum spp. in the study area was not highly abundant,
gathering and drying of seaweed could happen on a small scale with artisanal
methods and low costs. An example for a possible application is a cooperative
of women in Sixaola, about 40 km away from the study area towards the
Panamanian border, that receive support by the Chiquita fund in collaboration
with the GIZ to grow maize, plantains and cassava among others for animal
feed production in their own processing plant. The women receive financial and
advisory assistance in establishing the plant and elaborating feed mixtures of
equal quality than commercial products. The project aims at generating income
for the local people by adding value to agricultural produce and meeting the
local demand for affordable animal feed independent from fluctuations of world
market prices of the primary ingredients. The objective is therefore to use a high
share of locally available resources and reduce purchases to synthetic
supplements to obtain a product covering the nutritional requirements for
optimal animal production. The women decided to focus on feed for broilers and
hens, as these are the major livestock activities in the region. Sargassum spp.
meal could be an interesting supplement to their feed mixtures replacing
synthetic pigments. Other positive effects as suggested by scientific studies
such as improved shell quality or improved immune system through prebiotics
would have to be confirmed. The women took initiative to learn about the study
and to receive information on the utilised seaweed showing interest in
processing it once their machines are installed.
Another target group that could possibly be interested in the purchase of
Sargassum spp. meal as feed ingredient are organic poultry and shrimp
producers, the latter with focus on exportation. Costa Rica has a recognition of
equivalency status for organic produce with the European Union (EG, n.d.) and
since 2013 with Canada (Canadian Food Inspection Agency, 2013). This
reflects that organic production is an important aspect in Costa Rica with
growing potential on local and international markets.
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8 Conclusions
Pelagic Sargassum spp. in the study area did not occur in quantities that
implied a removal off the beaches on a large scale. Unless other sources than
pelagic seaweed, such as benthic Sargassum species, can be identified and
exploited in a sustainable and economically feasible way, available seaweed
quantities can be expected to be low and underlying great fluctuations. On a
small scale, Sargassum spp. could contribute to generate livelihoods for local
people if using it in small feed manufacturing cooperatives where it can be
incorporated to feed mixtures or marketed as pure seaweed meal according to
seasonal availability in addition to the usual line of products. In countries where
quantities of cast Sargassum spp. create a disposal problem during certain
times of the year, processing and marketing of seaweed meal could be an
interesting alternative to the common practice of burying the heaps of biomass.
Sargassum spp. shows an auspicious range of applications in animal
nutrition and more research is needed to understand geographical and
seasonal differences in nutritive value and availability. Fields of application such
as organic livestock production systems and the prebiotic properties of
Sargassum spp. have not been fully explored yet. Sargassum spp. as source of
xanthophylls could present an alternative to synthetic pigments, provided that
there is an economic benefit for the buyer either directly through cutting costs or
indirectly through added benefits such as enhanced animal performance. The
supplementation of algal meal to obtain functional food commodities such as
eggs low in cholesterol and high in iodine could be of interest especially in
industrialised countries with high prevalence of coronary heart diseases.
The utilisation of Sargassum spp. by Costa Rican smallholders to enhance
their egg production did not render explicit results, though trends indicated
positive effects on yolk colour and egg numbers per hen in some cases. As
processing Sargassum spp. to seaweed meal is very laborious, an adoption of
the technology is not expected.
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