
 

 

UNIVERSIDAD DE INVESTIGACIÓN DE 

TECNOLOGÍA EXPERIMENTAL YACHAY 

 

 

Escuela de Ciencias Biológicas e Ingeniería 

 

TÍTULO: Effects of dietary microalgae on growth 

performance, meat quality and gut morphometry in broiler 

chickens 

 

Trabajo de integración curricular presentado como requisito para 

la obtención del título de Biólogo 

 

Autor:  

Santacruz Hidalgo Francisco Gabriel  

 

 

 

 

Urcuquí, octubre 2021 

 

Tutor:  

PhD, Ballaz García Santiago 



  



Hacienda San José s/n y Proyecto Yachay, Urcuquí  |  Tlf: +593 6 2 999 500  |  info@yachaytech.edu.ec

www.yachaytech.edu.ec

Urcuquí, 27 de junio de 2022
SECRETARÍA GENERAL

(Vicerrectorado Académico/Cancillería)
ESCUELA DE CIENCIAS BIOLÓGICAS E INGENIERÍA

CARRERA DE BIOLOGÍA
ACTA DE DEFENSA No. UITEY-BIO-2022-00017-AD

 
A los 27 días del mes de junio de 2022, a las 14:30 horas, de manera virtual mediante videoconferencia, y ante el Tribunal Calificador,
integrado por los docentes:

 
Presidente Tribunal de Defensa Dr. TELLKAMP TIETZ, MARKUS PATRICIO , Ph.D.

Miembro No Tutor Dr. ROMERO SALTOS, HUGO GEOVANNY , Ph.D.

Tutor Dr. BALLAZ GARCIA, SANTIAGO JESUS , Ph.D.

 
El(la) señor(ita) estudiante SANTACRUZ HIDALGO, FRANCISCO GABRIEL, con cédula de identidad No. 1719001065, de la 
ESCUELA DE CIENCIAS BIOLÓGICAS E INGENIERÍA, de la Carrera de BIOLOGÍA, aprobada por el Consejo de Educación
Superior (CES), mediante Resolución RPC-SO-37-No.438-2014, realiza a través de videoconferencia, la sustentación de su trabajo de
titulación denominado: Effects of dietary microalgae on growth performance, meat quality and gut morphometry in broiler
chickens , previa a la obtención del título de BIÓLOGO/A.

 
El citado trabajo de titulación, fue debidamente aprobado por el(los) docente(s):

 
Tutor Dr. BALLAZ GARCIA, SANTIAGO JESUS , Ph.D.

 
Y recibió las observaciones de los otros miembros del Tribunal Calificador, las mismas que han sido incorporadas por el(la) estudiante.

 
Previamente cumplidos los requisitos legales y reglamentarios, el trabajo de titulación fue sustentado por el(la) estudiante y examinado por
los miembros del Tribunal Calificador. Escuchada la sustentación del trabajo de titulación a través de videoconferencia, que integró la
exposición de el(la) estudiante sobre el contenido de la misma y las preguntas formuladas por los miembros del Tribunal, se califica la
sustentación del trabajo de titulación con las siguientes calificaciones:

 
Tipo Docente Calificación
Miembro Tribunal De Defensa Dr. ROMERO SALTOS, HUGO GEOVANNY , Ph.D. 9,8

Tutor Dr. BALLAZ GARCIA, SANTIAGO JESUS , Ph.D. 10,0

Presidente Tribunal De Defensa Dr. TELLKAMP TIETZ, MARKUS PATRICIO , Ph.D. 10,0

 
Lo que da un promedio de: 9.9 (Nueve punto Nueve), sobre 10 (diez), equivalente a: APROBADO

 
Para constancia de lo actuado, firman los miembros del Tribunal Calificador, el/la estudiante y el/la secretario ad-hoc.

 
Certifico que en cumplimiento del Decreto Ejecutivo 1017 de 16 de marzo de 2020, la defensa de trabajo de titulación (o examen de
grado modalidad teórico práctica) se realizó vía virtual, por lo que las firmas de los miembros del Tribunal de Defensa de Grado,
constan en forma digital.

 
 

SANTACRUZ HIDALGO, FRANCISCO GABRIEL
Estudiante

 
 

Dr. TELLKAMP TIETZ, MARKUS PATRICIO , Ph.D.
Presidente Tribunal de Defensa

 
 

Dr. BALLAZ GARCIA, SANTIAGO JESUS , Ph.D.
Tutor

Firmado electrónicamente por:

MARKUS PATRICIO
TELLKAMP TIETZ

SANTIAGO JESUS 
BALLAZ GARCIA

Firmado digitalmente por 
SANTIAGO JESUS BALLAZ GARCIA 
Fecha: 2022.06.28 12:19:56 -05'00'

Firmado electrónicamente por:

FRANCISCO GABRIEL
SANTACRUZ  HIDALGO



Hacienda San José s/n y Proyecto Yachay, Urcuquí  |  Tlf: +593 6 2 999 500  |  info@yachaytech.edu.ec

www.yachaytech.edu.ec

 
 

Dr. ROMERO SALTOS, HUGO GEOVANNY , Ph.D.
Miembro No Tutor

 
 

ALARCON  FELIX, KARLA ESTEFANIA
Secretario Ad-hoc

HUGO GEOVANNY
ROMERO SALTOS
2022-06-28 
17:13-05:00

Firmado electrónicamente por:

KARLA
ESTEFANIA
ALARCON FELIX



 

 

 

 

 

AUTORÍA  

 

 

Yo, Francisco Gabriel Santacruz Hidalgo, con cédula de identidad 

1719001065, declaro que las ideas, juicios, valoraciones, interpretaciones, 

consultas bibliográficas, definiciones y conceptualizaciones expuestas en el 

presente trabajo, así como los procedimientos y herramientas utilizadas en la 

investigación son de absoluta responsabilidad del autor del trabajo de 

integración curricular. Así mismo, me acojo a los reglamentos internos de la 

Universidad de Investigación de Tecnología Experimental Yachay. 

 

Urcuquí, octubre 2021 

 

 

 

______________________________ 

Francisco Gabriel Santacruz Hidalgo  

CC: 1719001065 



  



 

 

 

 

AUTORIZACIÓN DE PUBLICACIÓN 

 

Yo, Francisco Gabriel Santacruz Hidalgo, con cédula de identidad 

1719001065, cedo a la Universidad de Investigación de Tecnología 

Experimental Yachay, los derechos de publicación de la presente obra, sin 

que deba haber un reconocimiento económico por este concepto. Declaro 

además que el texto del presente trabajo de titulación no podrá ser cedido a 

ninguna empresa editorial para su publicación u otros fines, sin contar 

previamente con la autorización escrita de la Universidad.  

Asimismo, autorizo a la Universidad que realice la digitalización y 

publicación de este trabajo de integración curricular en el repositorio virtual, 

de conformidad con lo dispuesto en el Art. 144 de la Ley Orgánica de 

Educación Superior. 

 

Urcuquí, octubre 2021 

 

 

 

______________________________ 

Francisco Gabriel Santacruz Hidalgo  

CC: 1719001065 



  



 

 

Dedicatoria 

 

 

Con mucho cariño, este trabajo se lo dedico principalmente a mi madre, quien ha sido 

mi guía a través de los años y el motor para alcanzar este logro. 

A mi padre por su apoyo incondicional. 

A mi familia quienes han sido mi fortaleza y soporte. 

 

 

 

Francisco Gabriel Santacruz Hidalgo 



  



 

 

Agradecimientos 

 

 

A los profesores y miembros de la Universidad de Investigación de Tecnología 

Experimental Yachay, quienes con sabiduría me llenaron de conocimientos y valores 

durante mi etapa universitaria.  

A mi tutor, el Dr. Marco Larrea, por ser mi guía durante el desarrollo de este trabajo.  

Al grupo de investigación de la Unidad de Investigación de Enfermedades Transmit idas 

por Alimentos y Resistencia a los Antimicrobianos (UNIETAR), quienes me prestaron 

sus instalaciones y me ayudaron durante el desarrollo de la parte experimental de esta 

investigación. 

A mis amigos y compañeros de la Universidad quienes hicieron de esta etapa una 

experiencia inolvidable. 

 

 

 

Francisco Gabriel Santacruz Hidalgo  

  



  



 

Resumen  

 

Este estudio buscó evaluar los efectos de diferentes especies de microalgas, administradas 

en dosis pequeñas (0.2%) sobre los parámetros de rendimiento del crecimiento, 

morfometría intestinal y calidad de la carne de aves destinadas a la producción. Un total 

de 72 pollos ROSS machos de un día de edad fueron separados en cuatro grupos 

experimentales. El primer grupo no tuvo la adición de polvo de microalgas y fue 

considerado como el control. El segundo, tercer y cuarto grupo fueron alimentados con 

polvo liofilizado de las microalgas Tysochrysis lutea, Tetraselmis chuii y Porphyridium 

cruentum, respectivamente, durante un periodo de 30 días. Los pollos alimentados con 

Tysochrysis lutea no presentaron efectos en los parámetros de crecimiento. Por otra parte, 

las aves alimentadas con Tetraselmis chuii y Porphyridium cruentum presentaron un 

efecto positivo en los parámetros de peso corporal, mejorando la ganancia media diaria 

en comparación con el grupo control. El índice de conversión alimenticia solo mejoro en 

las aves administradas con Porphyridium cruentum. Las secciones de duodeno e íleon 

correspondientes a los grupos alimentados con microalgas mostraron una mejoría en la 

arquitectura del intestino en relación al control. Los filetes de pollo correspondientes al 

grupo alimentado con Tetraselmis chuii obtuvieron una menor pérdida de peso por 

descongelación. En general, los pollos alimentados con Tetraselmis chuii y Porphyridium 

cruentum presentaron efectos positivos durante la crianza, y los resultados obtenidos 

sobre la morfometría del intestino se asociaron a una mejora en la ganancia de peso. Estos 

resultados muestran el potencial del uso de microalgas en la producción avícola.  

 

Palabras clave:  

microalgas; Tysochrysis lutea; Tetraselmis chuii; Porphyridium cruentum; pollos de 

engorde; rendimiento del crecimiento; morfometría del intestino; células caliciformes; 

perdida por descongelación.  

 



  



 

Abstract 

 

This study sought to evaluate the effects of different species of microalgae administered 

in small doses (0.2%) on growth performance, intestinal morphometry and meat quality 

of broiler chickens. A total of 72 one-day-old male ROSS broilers were separated into 

four experimental groups. The first group was left untreated and considered the control. 

The second, third and fourth groups were fed freeze-dried powder of the microalgae 

Tysochrysis lutea, Tetraselmis chuii and Porphyridium cruentum, respectively, for a 

period of 30 days. Birds fed Tysochrysis lutea showed no effect on growth parameters. 

On the other hand, chicks fed Tetraselmis chuii and Porphyridium cruentum showed a 

positive effect on body weight parameters, improving average daily gain compared to the 

control group. The feed conversion rate improved only in birds supplemented with 

Porphyridium cruentum. The duodenum and ileum sections corresponding to the groups 

fed with microalgae showed an improvement with regard to the architecture of the small 

intestine compared to the control group. Chicken fillets corresponding to the group fed 

with Tetraselmis chuii improved thawing loss. Overall, chickens fed with Tetraselmis 

chuii and Porphyridium cruentum exerted positive effects during rearing and the results 

obtained on intestinal morphometry were associated with body weight gain. These results 

show the potential of using microalgae in poultry production.  

 

Key words: 

microalgae; Tysochrysis lutea; Tetraselmis chuii; Porphyridium cruentum; broiler 

chickens; growth performance; intestinal morphometry; goblet cells; thawing loss. 
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Introduction  
 

 Humans have used animal proteins as one of the main sources of nutrients (Larson 

& Fuller, 2014). During the last decades, and as a result of industrialization, the 

efficiency, healthiness and quality of foodstuffs derived from animals have improved 

(Karcher & Mench, 2017). Antibiotics, besides being used for preventing, controlling and 

treating diseases, have been also used as animal growth promoters (Kumar et al., 2019; 

Lin, 2014; Marshall & Levy, 2011). Their use for such purpose has been banned in the 

United States and some European countries (Hicks, 2020; Millet & Maertens, 2011). 

However, antibiotics are still misused worldwide, especially in rural regions in countries 

where no legislations have been specified for controlling antibiotic use (Cox et al., 2017).  

 There are several natural alternatives that are capable of improving growth and 

promoting health in animals such as chickens, which represent the main source of animal 

protein for humans (Alders et al., 2018). Various studies have shown that probiotics, plant 

extracts, and microalgae are useful as additives for improving growth performance and 

immune parameters in broiler chickens (Agostini et al., 2012; Amad et al., 2011; Amer et 

al., 2021; Fries-Craft et al., 2021; Liu et al., 2020, 2021; Omar et al., 2020; Šefcová et al., 

2020; Xu et al., 2019; Zhao et al., 2020; Zhu et al., 2019). These studies have 

demonstrated that that treatments have exerted a positive influence on intestina l 

architecture, which ultimately improved growth. 

 Algae also represent an important source of nutrients. These phototrophic 

organisms produce a wide variety of nutritional compounds mainly exploited in 

aquaculture. However, their use in birds has been restricted principally to common 

species such as Spirulina or Chlorella (Coudert et al., 2020; Madeira et al., 2017). 

Nonetheless, no studies using important microalgae species such as Tysochrysis lutea, 

Tetraselmis chuii and Porphyridium cruentum have been published with regard to 

chickens. 
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1.1. Broiler Chickens 

 

1.1.1. Growth parameters 
 

 Among the most common parameters that are measured to estimate the growth of 

broilers chickens we could find body weight gain, feed intake, and feed conversion ratio.  

 Weight gain is the result of nutrient intake ingested during broiler development. 

Some authors identify this factor as the most important to take into account during the 

breeding process (Bregendahl et al., 2002; Kabir et al., 2004; Odetallah et al., 2005). The 

cost of feeding represents approximately 70% of the total price of broiler rearing (Li et 

al., 2020), which directly influences the profitability of the product. For this reason, the 

parameters most commonly used by researchers to evaluate the efficiency of a feeding 

regimen are feed intake and feed conversion ratio. 

 Feed intake refers to the amount of feed consumed by a broiler during the rearing 

process. This parameter could be considered as the main external factor that determines 

the growth rate of an animal. Determinants that influence feed intake are particle size, 

feed shape, and grain type (Abdollahi et al., 2018). Normally, birds are fed ad libitum, 

however, there are studies that indicate that feed restriction may have an impact on bird 

growth (Lippens et al., 2000).  

 On the other hand, feed conversion ratio is an indicator that evaluates the amount 

of feed that has been transformed into body weight. This parameter is indirect, and is 

obtained through data of total feed intake and body weight gain, which must be measured 

during the poultry rearing process (Wen et al., 2018).  

 

1.1.2. Intestinal morphometry  
 

  Morphometric studies concerning the growth of chickens are mostly based on the 

measurement of villus height and crypt depth of duodenal, jejunal, and ileal sections 

(Wilson et al., 2018). The small intestine is the area where most nutrients can be absorbed 

(Barbeito, 2014; Goodman, 2010). An increased surface implies an enhanced absorption 

of available nutrients, which ultimately can have an influence on body weight (Obajuluwa 

et al., 2020).  
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 The epithelial zone of the chick small intestine represents a complex system where 

nutrient absorption takes place. Here we could find a variety of cells includ ing 

enterocytes, stem cells, enteroendocrine cells, transit-amplifying cells, paneth cells, stem 

cells and goblet cells (Figure 1) (Zhang et al., 2019). The latter secrete mucins and other 

glycoproteins that constantly interact with bacteria trapped in the mucosa of the intestina l 

wall, which functions as a protective and transport barrier for immune cells (activated T 

cells, plasma cells, dendritic cells and macrophages) (Liu et al., 2020). Goblet cells also 

secrete antimicrobial peptides, chemokines and cytokines, thus having an influence in the 

innate immune reaction (Knoop & Newberry, 2018).  

 

 

Figure 1: Chicken small intestine epithelium. Adapted from Chicken small intestinal epithelium model 
by Zhang et al. (2019) 
The invaginations corresponding to the intestinal crypts are characterized as the zone of cell 
differentiation. Stem cells, transit-amplifying cells, and paneth cells are located here. On the other hand, 
the finger-like structures correspond to the intestinal villi where mature cell populations such as 
enterocytes, goblet cells and enteroendocrine cells are found. 

 
 

1.1.3. Meat quality  
 

 Meat quality refers to the characteristics of the food derived from the animal, 

especially breast fillet quality (Miller, 2002). There are both qualitative and quantitat ive 

factors considered for evaluation. In the former, the most important include palatability, 

color, and odor (Fletcher, 1999; Miezeliene et al., 2011; Miller, 2002). In the latter, pH, 
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bacterial count, and water holding capacity are commonly considered (Cramer et al., 

2018; El-Bahr et al., 2020; Holdstock et al., 2014). 

 Water holding capacity is considered of particular importance. Muscle tissue loses 

water due to changes in the volume of muscle myofibrils and protein denaturation. When 

the muscle tissue is healthy, it retains more water, expelling less fluid into the fiber 

bundles and losing a smaller amount of weight due to fluid retention (Honikel, 1998). 

Water retention capacity is normally assessed by cooking loss, where the muscle is 

exposed to high temperatures inducing water loss by evaporation. Also, thawing loss is 

an important parameter, again properties of the muscle tissue influence water retention 

(Honikel & Hamm, 1994). 

 

1.2. Microalgae as Feed Enhancers 
 

 Algae are photosynthetic, aquatic autotrophic organisms divided in macroalgae 

and microalgae. The former correspond to organized multicellular organisms, while the 

latter are generally unicellular and do not form complex structures (Figure 2) (Guiry, 

2012). Microalgae are microscopic photosynthetic organisms that present a wide variety 

of shapes, sizes and colors (Levasseur et al., 2020). These microorganisms are 

characterized by their short generation times and their ability to multiply exponentia l ly 

when subjected to favorable environmental conditions (Vale et al., 2020). 

 Microalgae produce fatty acids, carbohydrates, proteins, vitamins, lipids, minera ls 

and other bioactive compounds such as pigments or antioxidants. These vary in quantity 

depending on the species, cultivation method and environmental conditions (Madeira et 

al., 2017). These compounds have been proved to be useful in animals as growth 

promoters and  modulators of the immune response (Coudert et al., 2020). Generally, the 

use of microalgae has been destined for aquaculture. However, their use as a feed 

additives within poultry farms has increased in recent years (Abdelnour et al., 2019; 

Wafaa, 2020).  
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Figure 2: Algae classification. Inspired from (Javed et al., 2019; Levasseur et al., 2020). 

Some representative phyla of algae such as Rhodophyta and Chlorophyta, have members in both 
divisions. 

 

1.2.1. Fatty acids  
 

 Fatty acids are biological molecules of lipidic nature, formed by linear 

hydrocarbon chains. Studies on various types of microalgae have shown that there are 

about 135 different types of fatty acids present in these microorganisms (Maltsev & 

Maltseva, 2021).  

 Normally, the type of fatty acids most commonly used in the poultry industry are 

poly-unsaturated fatty acids. These types of fatty acids are of great importance in meat 

production, because they are capable of modifying the amount and place of deposition of 

accumulated fat in broilers (Crespo & Garcia, 2002); as such, they improve growth and 

meat quality parameters (Miller, 2002).  

 

1.2.2. Dietary fibers  
 

 Dietary fibers are edible compounds present mainly in the cell walls of 

microalgae. Some examples are polysaccharides such as pectin or cellulose (Dvir et al., 

2000); and oligosaccharides such as the acidic oligosaccharides III-O1, III-O2 (Geresh et 

al., 2009). These substances are hardly digestible by animals, but are partially fermented 

by bacterial colonies located in the small intestine. Therefore, these compounds play a 

special role in the development of gut microbiota, which has been shown to be benefic ia l 

(Patel et al., 2021). Fermentation processes generate short chain fatty acids (e.g. butyrate) 

that are known to exert positive effects on the epithelia of the small intestine (Koh et al., 

2016). For instance, short chain fatty acids induce enterocyte division and goblet cell 

differentiation (Pearce et al., 2020; Piekarska et al., 2011). 
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1.2.3. Bioactive compounds 

 

 Other bioactive compounds found in microalgae include phenols, pigments and 

vitamins. The effects of polyphenol supplementation in poultry diets are not completely 

clear; however, it is known that these molecules interact directly with other relevant 

components such as proteins and polysaccharides. They have been associated with 

alterations of intestinal physiology, pH, intestinal fermentations, and bile secretions (Gopi 

et al., 2020; Matos et al., 2019). Various pigments are synthesized by microalgae, the 

most important are  carotenoids (Matos et al., 2019). It has been shown that these 

compounds play a role as a precursor of vitamin A. They are used for improving 

pigmentation of the skin of chickens and yolks of eggs. In addition, they exert important 

effects in the avian immune response (Koutsos et al., 2003; Matos et al., 2019; Riley et 

al., 2021).  

 

1.3. Microalgae Used in this Experimentation 

 

 The species Tysochrysis lutea, belonging to the golden-brown microalgae family, 

is part of a group of auspicious marine haptophytes, with an important production of poly-

unsaturated fatty acids (Alkhamis & Qin, 2016; Rasdi & Qin, 2015). In addition, this 

species is rich in pigments such as fucoxanthin with nutraceutical and pharmaceutica l 

applications (Gonçalves de Oliveira-Júnior et al., 2020). On the other hand, Tetraselmis 

chuii, a microalga belonging to the green algae family, is a species known for its simple 

cultivation and high nutritional value (Bonilla-Ahumada et al., 2018). This species 

accumulates high amounts of compounds such as poly-unsaturated fatty acids, proteins 

and pigments (Lu et al., 2017). Finally, among the family of red algae, we focus on the 

species Porphyridium cruentum, which is capable of producing high amounts of sulfated 

polysaccharides, lipids and poly-unsaturated fatty acids (Erol et al., 2020; Hu et al., 2018), 

known for its antioxidant, anti-inflammatory role and as a cytotoxic agent (Casas-Arrojo 

et al., 2021; Patil et al., 2007). These characteristics are promising for food industry. 
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2.Problem Statement 
 

 Microalgae are biological organisms with a high nutritional capacity. Despite this, 

several species widely used in aquaculture have not yet been tested in terrestrial animal 

husbandry. Within poultry, there are few alternatives to fatten broilers naturally. For this 

reason, Tysochrysis lutea, Tetraselmis chuii and Porphyridium cruentum are proposed as 

supplements to improve growth parameters, meat quality and gut morphometry in 

broilers. 

 

2.1. General Objective 
 

The general objective of this project is to evaluate the effects on growth performance, 

gut morphometry and meat quality in broilers fed with three microalgae species 

traditionally used in aquaculture: Tysochrysis lutea, Tetraselmis chuii and Porphyridium 

cruentum. 

 

2.2. Specific Objectives 
 

i. Asses statistically body weight gain, daily feed intake and feed conversion ratio 

of experimental groups of broilers fed with microalgae powder. 

ii. Analyze the small intestine morphometry in broilers fed with microalgae and a 

control group, by measuring the length of the villi and the depth of the crypts  

captured from images of duodenum and ileum. 

iii. Quantify the number of goblet cells present in images captured from the small 

intestine for the evaluation of the immune response of broilers. 

iv. Evaluate the cooking loss and thawing loss corresponding to meat quality 

parameters. 
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3.Methodology  
 

 This experimental work was conducted at “Facultad de Medicina Veterinaria y 

Zootecnia de la Universidad Central del Ecuador". All experiments related to broiler 

rearing were conducted following the standards and guidelines for poultry management 

provided by the “Agencia de Regulación y Control Fito y Zoosanitar io ” 

(AGROCALIDAD, technical resolution No. 0017). In addition, the experimental protocol 

of this project (Reference Number: 2020-008) was reviewed and approved by the “Comité 

de Ética Sobre el Uso de Animales en Investigación y Docencia de la Universidad San 

Francisco de Quito”. 

 180 male chicks (ROSS 308), which registered an average of 50 ± 5.8 grams, were 

randomly divided into four experimental groups. Each experimental group was divided 

into nine subgroups consisting of five broilers (Figure 3). The subgroups were considered 

the experimental unit, as they were housed separately and independently exposed to 

treatment conditions. For measurements, two birds at random were selected for each of 

the subgroups, for a total of 72 chicks (18 for each experimental group).  

 

Figure 3: Illustrative representation of the experimental design. (not on scale). IB: Broilers fed with 
Tysochrysis lutea, TB: Broilers fed with Tetraselmis chuii, PB: Broilers fed with Porphyridium cruentum. 
Birds belonging to each experimental group were housed in separate pens of 3 m2, and divided into nine 
subgroups of 1 m2. Data collection for the different experiments was carried out by selecting two birds at 
random from each of the subgroups, giving a total of 18 chicks (sampling units) for each experimental group. 
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Chicks received basal diets with nutritional components for broilers in the starter (1 

to 11 days) and finisher (12 to 30 days) stages, whose nutritional components are detailed 

in Table 1. The diets were free of probiotics, antibiotics or anticoccidiostats.  

 
Table 1: Feed components of starter (1 to 11 days) and finisher (12 to 30 days) diets. 

Feed components  

Components Control IB TB PB 

1 to 11 
days 

12 to 30 
days 

1 to 11 
days 

12 to 30 
days 

1 to 11 
days 

12 to 30 
days 

1 to 11 
days 

12 to 30 
days 

Microalgae-derived 

protein (% ) 

0.00 0.00 0.08 0.08 0.07 0.07 0.07 0.07 

Microalgae-derived fat 

(% ) 

0.00 0.00 0.01 0.01 0.01 0.01 0.01 0.01 

Microalgae-derived crude 

ash (% ) 

0.00 0.00 0.05 0.05 0.06 0.06 0.06 0.06 

Microalgae-derived 

carbohydrate, fibre, rest 

of biomass (% ) 

0.00 0.00 0.06 0.06 0.06 0.06 0.06 0.06 

Ground corn (% ) 55.88 69.35 55.77 69.21 55.77 69.21 55.77 69.21 

Soybean paste (% ) 38.23 25.47 38.15 25.42 38.15 25.42 38.15 25.42 

Palm Oil (% ) 2.07 2.14 2.07 2.14 2.07 2.14 2.07 2.14 

Calcium carbonate (% ) 1.18 0.86 1.18 0.86 1.18 0.86 1.18 0.86 

Monocalcium phosphate 

(% ) 

1.07 0.62 1.07 0.62 1.07 0.62 1.07 0.62 

Industrial Salt (% ) 0.41 0.19 0.41 0.19 0.41 0.19 0.41 0.19 

L-Methionine (% ) 0.34 0.3 0.34 0.30 0.34 0.30 0.34 0.30 

Lysine Sulphate (% ) 0.17 0.26 0.17 0.26 0.17 0.26 0.17 0.26 

Sodium bicarbonate (% ) 0.17 0.19 0.17 0.19 0.17 0.19 0.17 0.19 

Vitamin and mineral 

premix 

0.23 0.26 0.23 0.26 0.23 0.26 0.23 0.26 

Antimycotoxin (% ) 0.1 0.08 0.10 0.08 0.10 0.08 0.10 0.08 

Mycotoxin Sequestrant 

(% ) 

0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05 
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Choline chloride (% ) 0.04 0.1 0.04 0.10 0.04 0.10 0.04 0.10 

L-Threonine (% ) 0.03 0.06 0.03 0.06 0.03 0.06 0.03 0.06 

Antioxidant (% ) 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 

Phytase (% ) 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 

Copper sulphate (% ) - 0.04 - 0.04 - 0.04 - 0.04 

 

 Different diets were assigned to each of the experimental groups. The first 

experimental group was fed the basal diet with no addition of microalgae, and was 

therefore considered the control group. The broilers from the second, third and fourth 

groups were fed a diet enriched with lyophilized microalgae powder, which was 

introduced in a proportion of two grams per kilogram of feed. In the group two (IB), 

Tysochrysis lutea microalgae powder was added; in group three (TB), Tetraselmis chuii 

microalgae was added; and in group four (PB), Porphyridium cruentum microalgae was 

administrated. Broilers were able to eat and drink freely throughout the experimenta l 

stage. The experiment had a duration of 30 days. 

 The lyophilized powder of Tysochrysis lutea, Tetraselmis chuii and Porphyridium 

cruentum species was obtained from Necton S.A., Olhão, Portugal (https://necton.pt /). 

The biomass of Tysochrysis lutea contained 40% crude protein, 6% crude fat and 23% 

crude ash. This species is characterized by containing both chlorophylls a and c, as well 

as carotenoids such as fucoxanthin, responsible for its golden-brown coloration (Lovejoy, 

2020). Tetraselmis chuii powder was composed of 35% crude protein, 5% crude fat and 

30% crude ash. Organisms belonging to the genus Tetraselmis are characterized by the 

presence of chlorophylls a and c, and the carotenoids violaxanthin, antheraxanthin, 

zeaxanthin (Lewis & McCourt, 2004). Finally, the biomass of Porphyridium cruentum 

contained 35% crude protein, 5% crude fat and 31% crude ash. Porphyridium species 

contain chlorophyll a, α- and β-carotene, lutein and zeaxanthin. Also, these 

microorganisms are characterized by the production of water-soluble pigments such as 

phycobilins (Lima et al., 2021; Wehr et al., 2015). 

 Chickens were reared on the floor with a space allowance of one subgroup (five 

broilers) per square meter and a relative humidity maintained between 50-60%. Five 

experimental periods were determined during which the broiler rearing conditions were 
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changed: time lapse one (TL1), from day 1 to day 6; time lapse two (TL2), from day 7 to 

day 13; time lapse three (TL3), from day 14 to day 20; time lapse four (TL4), from day 

21 to day 27; and time lapse five (TL5), from day 28 until the end of the experiment (day 

30). The environmental temperature was maintained around 30-32 °C during TL1 and 

was gradually reduced by 3 °C each week, so that the chicks were exposed to temperatures 

between 27-29 °C in TL2, between 24-26 °C in TL3, 21-23 °C in TL4 and 19-21 °C in 

TL5. Regarding the light regime, broilers were exposed to a regime of 23 hours of light 

(at 30-40 lux intensity) and 1 hour of darkness during the TL1, during TL2, TL3, TL4 

and TL5 the light regime was changed to 21 hours of light (at 5-10 lux intensity) and 3 

hours of darkness. Environmental and housing conditions were in accordance with the 

ROSS Broiler Management Guide (Aviagen, 2018). 

 

3.1. Growth Performance Parameters 
 

 Weights were recorded by selecting two chicks at random for each of the 

subgroups, the value of weights was averaged and annotated for a total number of nine 

sampling units (N = 9) for each experimental group. The weighing process was carried 

out during the days of temperature change (first day of TL2, TL3, TL4 and TL5). In 

addition, weight of the twenty-ninth and thirtieth days were also registered. Feed 

consumption was recorded daily. 

 

3.2. Morphometrical Analyses  
 

 One chick for each subgroup was selected on the day 30. The animals were 

euthanized by electrical stunning and bleeding, and samples of the small intestine were 

collected. Sections of duodenum and ileum of three centimeters each were fixed with a 

10% formalin solution for 48 hours. Subsequently, the samples were dehydrated by serial 

washes with ethyl alcohol (70-100%), diaphanized with xylol and finally embedded in 

kerosene blocks. Then, the blocks were cut into three longitudinal sections of five -

micrometer-thick slices using a microtome, stained with hematoxylin and eosin, and 

placed in slides for evaluation in the microscope. 

 Images were analyzed using Motic Images Plus 2.0 image processing software 

(Motic, Hong Kong, China). For the morphometric analysis, villus height and crypt depth 
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were determined in uninjured segments of the duodenum and ileum. For each segment, a 

minimum of six villi in good condition with an intact lamina propria were selected. 

 Analysis of the relationship between villus height and crypt depth was calculated 

by dividing the mean villus length by the mean crypt depth in each of the samples as 

described by Nain et al. (2012). Moreover, the total number of goblet cells present per 

100 epithelial cells in six intact villi was counted as described in previous research (Liu 

et al., 2020). 

 

3.3. Meat Quality Parameters 
 

 Samples of approximately 10 grams were sectioned from the major pectorals of 

nine birds per experimental group at the end of the experiment. For the study 

corresponding to cooking loss, the fillets were placed in thermotolerant plastic bags which 

were immersed in a water bath until reaching 70° C, after which they were placed in ice 

to be cooled to 5° C and finally weighed. On the other hand, for the measurement of 

thawing loss, the breast samples obtained were dried, trimmed and stored at a temperature 

of -18 °C for one week. At the end of the established time, the fillets were thawed at a 

temperature of 5 °C for 1 day and then weighed. The differences between the initial and 

final weights were considered loss values. This experiment was carried out under the 

procedures previously described by El-Bahr et al. (2020). 

 

3.4. Statistical Analyses  
 

 Statistical analyses for growth performance and gut morphometry characterist ics 

were performed in MATLAB® (MathWorks, Natick, MA, USA) version 9.9.9341360 

(R2016a). Normality and homogeneity of variance was tested using the Shapiro-Wilk test 

and Levene's test, respectively. Data with a normal distribution and homoscedastic ity 

were subjected to a one-way analysis of variance to determine significant differences 

between experimental groups, together with a Tukey post hoc test. Data with a normal 

distribution and heteroscedasticity were analyzed using Welch's ANOVA and Welch's t-

test. For non-normally distributed and homoscedastic data, the Kruskal-Wallis test and 

Dunn's test were used. 
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4.Results  
 

4.1. Growth Performance 

 

 Regarding body weight, birds of the TB and PB groups weighed more (p<0.05) 

than those of the control on the day of slaughter. However, on previous days, other 

differences between the experimental groups were detected as shown in Figure 4. 

 

Figure 4: Body weight measurements of broilers fed with three types of microalgae. IB: Broilers fed with 
Tysochrysis lutea, TB: Broilers fed with Tetraselmis chuii, PB: Broilers fed with Porphyridium cruentum. 
(*) shows that the group is significantly different than the control (p<0.05), (■) than the IB group. 
 
 

4.1.1. Daily weight gain 
 

 The data of weight gain per day in the experimental groups are shown in Figure 

5. It can be observed that in the time lapse covering the whole experiment (day 5 to 29) 

the only group with a higher weight gain (p<0.05) was TB, however, differences were 

also detected in other periods (day 5 to 7, day 14 to 21, and day 28 to 29).  
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Figure 5: Average daily weight gain in the different experimental groups of chickens fed with three types of 
microalgae. IB: Broilers fed with Tysochrysis lutea, TB: Broilers fed with Tetraselmis chuii, PB: Broilers fed 
with Porphyridium cruentum. 
(*) shows that the data obtained from this group is different than the control (p<0.05), (■) than the IB group, 
(▲) than the TB group, (●) than the PB group.  
 
 

4.1.2. Daily feed intake 

 

 The data obtained on feed consumption are shown in Figure 6. During the time 

span covering the entire experimental period (day 5 to 29) differences (p<0.05) in all 

groups with respect to the control were detected. It can be observed that the chicks that 

ingested the most were those belonging to the IB and TB groups, while those that ate the 

least were the ones belonging to the PB group.  

 

Figure 6: Daily feed intake of broilers supplied with three types of microalgae. IB: Broilers fed with 
Tysochrysis lutea, TB: Broilers fed with Tetraselmis chuii, PB: Broilers fed with Porphyridium cruentum. 
(*) shows that the data obtained from this group is different than the control (p<0.05), (■) than the IB group, 
(▲) than the TB group, (●) than the PB group.  
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4.1.3. Feed conversion ratio 

 

 The feed conversion ratio data are shown in Figure 7. During the time span 

covering the entire experiment (day 5 to 29), differences were detected (p<0.05) between 

broilers belonging to the control group and the PB group, indicating that a higher 

percentage of this feed is converted into net mass in the birds. In addition, significant 

differences could also be found in the different time lapses between chicks fed with the 

different groups of microalgae. 

 

Figure 7: Feed conversion ratio in broilers fed with three types of microalgae. IB: Broilers fed with 
Tysochrysis lutea, TB: Broilers fed with Tetraselmis chuii, PB: Broilers fed with Porphyridium cruentum. 
(*) shows that the data obtained from this group is different than the control (p<0.05), (■) than the IB group, 
(▲) than the TB group, (●) than the PB group.  

 

4.2. Gut Morphometry 
 

 Figure 8 shows illustrative micrographs at 4x magnification of different sections 

of the small intestine (duodenum and ileum) of the broilers used during this 

experimentation. The images belonging to the control group showed short and thick villi, 

which had a limited development in their crypts. On the other hand, in the experimenta l 

groups the small intestine appeared healthier, their villi were taller and thinner, and their 

crypts had a higher size and activity with the presence of goblet cells. In the duodenum 

sections, the high and thin villi showed a serrated surface type, with widened tips (related 

to the multiplication of goblet cells). In the ileum sections, proliferation of the epithelium 

and differentiation of goblet cells could be observed. 
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Figure 8: Illustrative images of duodenal and jejunal sections of birds fed with three types of microalgae. (4x 
magnification, hematoxylin and eosin staining). IB: Broilers fed with Tysochrysis lutea, TB: Broilers fed with 
Tetraselmis chuii, PB: Broilers fed with Porphyridium cruentum.  
The drawn lines represent the length measured from the crypt to the apex of the villus. Birds belonging to 
groups IB, TB and PB have longer hairs compared to the control group. White arrows indicate sections of the 
duodenum of the experimental groups with more serrated surfaces, in contrast to the control group. 

 

 Pearson's r coefficient analysis showed a positive correlation between body 

weight and villus height to crypt depth ratio (0.977, p<0.05).  

 

 Table 2 summarizes the data obtained from the measurement of villus length, 

crypt depth, and goblet cell count in the duodenum. All broilers fed freeze-dried 

microalgae powder show improved parameters with regard to villus length and goblet cell 

count, with the PB group presenting the greatest difference. Regarding crypt depth, the 

IB and PB groups had larger crypt sizes than the control group. Villus height to crypt 

depth ratio was similar in all experimental groups. 
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Table 2: Morphometric characteristics of the duodenum in broilers fed with microalgae. IB: 
Broilers fed with Tysochrysis lutea, TB: Broilers fed with Tetraselmis chuii, PB: Broilers fed with 
Porphyridium cruentum. 

Duodenum  

Parameter Control IB TB PB 

Villus height 

(μm) 

2659,1 ± 324,9 3233,92 ± 210,1 

* 

3454,45 ± 353,9 

* 

3842,46 ± 243,1 

*■ 

1Crypt depth 

(μm) 

357,3 (69,5) 404,8 (38,6) 

* 

395,3 (52,8) 484,90 (48,7) 

*■▲ 

Villus height to 

crypt depth 

ratio 

7,48 ± 1,0 8,15 ± 0,9 8,89 ± 1,0* 8,19 ± 0,9 

Goblet cells 

count 

20,8 ± 5,2 31,9 ± 4,9 

* 

35,7 ± 7,2 

* 

36,4 ± 4,0 

* 

(1) Values are medians plus their corresponding interquartile range (IQR).  
Values are means ± SE (N = 9).  
(*) shows that the group is significantly larger than the control (p<0.05), (■) than the IB group, 
(▲) than the TB group.  
 

 Table 3 summarizes the data obtained during the measurement of villus length, 
crypt depth, and goblet cell count in the ileum. Within this section, height of villi and 
villus height to crypt depth ratio were improved in the microalgae-fed groups compared 

to control conditions. Regarding crypt depth, the PB group was the only one that 
presented larger crypts than the control. No differences were found in goblet cell count. 

 

Table 3: Morphometric characteristics of the ileum in broilers fed with three types of microalgae. 
IB: Broilers fed with Tysochrysis lutea, TB: Broilers fed with Tetraselmis chuii, PB: Broilers fed 
with Porphyridium cruentum. 

Ileum 

Parameter Control IB TB PB 

Villus height 

(μm) 

1270,7 ± 143,7 1659,3 ± 228,6 

* 

1981,50 ± 117,4 

*■ 

2303,9 ± 180,7 

*■▲ 

Crypt depth 

(μm) 

323,9 ± 29,4 362,4 ± 45,4 374,6 ± 54,06 406,9 ± 57,9 

* 

Villus height to 

crypt depth 

ratio 

3,8 ± 0,6 4,2 ± 0,4 

* 

5,5 ± 0,8* 5,8 ± 0,8 

*■ 

Goblet cells 

count 

41,4 ± 4,5 46,6 ± 9,6 45,6 ± 3,5 52,9 ± 5,6 

* 

Values are means ± SE (N = 9).  
(*) shows that the group is significantly larger than the control (p<0.05), (■) than the IB group, 
(▲) than the TB group.  
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4.3. Meat quality parameters  

 

 Regarding cooking loss, no differences were observed among any of the groups 

of broilers fed with microalgae. On the other hand, broilers belonging to the TB group 

had lower thawing loss compared to animals belonging to the control, IB and PB groups.  

The data obtained are described in Figure 9. 

 

Figure 9: Meat quality parameters of the broilers. IB: Broilers fed with Tysochrysis lutea, TB: Broilers fed 
with Tetraselmis chuii, PB: Broilers fed with Porphyridium cruentum. 

(*) shows that the group had lower losses than the control (p<0.05), (■) than the IB group, (▲) than the PB 
group.  

 

5.Discussion 
 

 Feeding photosynthetic organisms to animals represent a great alternative to 

maximize growth performance and the immune response of some domesticated species, 

including broiler chickens (Abdelnour et al., 2019; Khan et al., 2021; Long et al., 2018). 

Although most studies demonstrating the efficacy of these organisms have been 

conducted using macroalgae (Fries-Craft et al., 2021; Liu et al., 2021; Liu et al., 2020), 

recent research has demonstrated the ability of some microalgae species such as Spirulina 

platensis, Chlorella vulgaris and Schizochytrium sp. for improving various production 

parameters in poultry (Coudert et al., 2020; El-Bahr et al., 2020; Madeira et al., 2017; 

Yan & Kim, 2013). Microalgae are commonly used in aquaculture, as they serve as main 

sources of food for marine animals (Khatoon et al., 2021; W. Zhao et al., 2021). However, 

their application in the food industry related to non-aquatic animals still requires further 

research.  
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 This investigation evaluated the capacity of the microalgae species Tysochrysis 

lutea, Tetraselmis chuii and Porphyridium cruentum as feed supplements in broiler diets. 

Information is scarce regarding the use of these species in poultry production. The results 

obtained are promising, especially in the case of Porphyridium cruentum and Tetraselmis 

chuii, which were able to improve growth performance, gut morphometry and thawing 

loss of broilers.  

 Tysochrysis lutea did not induce changes with regard to growth performance 

parameters of birds. These results are in agreement with those obtained with this 

microalgae in the diet of fish (Cardinaletti et al., 2018; Pulido-Rodriguez et al., 2021). It 

did not improve their production either.  

 Tetraselmis chuii induced positive effects regarding body weight gain and feed 

intake in broilers. Nonetheless, in terms of feed conversion ratio and morphometry 

parameters, it was surpassed by Porphyridium cruentum. These results corroborate those 

obtained from aquaculture studies (Khatoon et al., 2021; Zhao et al., 2021), where the 

efficacy of this microalgae in fish and shrimp feeding has also been demonstrated. 

 In addition, Porphyridium cruentum exerted positive results with regard to various 

parameters. In particular, the observed feed conversion ratio was the lowest, implying 

that a greater amount of feed is transformed into body weight in broilers. Birds fed with 

this microorganism presented the longest intestinal villi. Further, the experimental group 

corresponding to this microalga was the only one significantly higher in the measurement 

of crypt depths in the ileum, which has been associated with a quick regeneration of the 

villi (Bogucka et al., 2019; Saenphoom et al., 2013). It is important to highlight that the 

data obtained from morphometrical analyses were positively correlated with body weight  

increase.  

 Within this study, the biomass used for poultry feed was composed of fats, 

proteins and oligosaccharides. Some of the fatty acids and proteins present in Tetraselmis 

chuii are hexadecatetraenoic acid (C16:4ω-3), stearidonic acid (C18:4ω-3), and oleic acid 

(C18:1ω-9) (Lima et al., 2021); also, xanthophylls such as lutein and zeaxanthin along 

with β-carotene (Lewis & McCourt, 2004; Lima et al., 2021). Similarly, Porphyridium 

cruentum accumulates ω-3 fatty acids such as docosahexaenoic acid (C22:ω-6) and 

eicosapentaenoic acid (C22:ω-5) (Asgharpour et al., 2015); also, this species contains β-

carotene, lutein, zeaxanthin and phycobilins which are responsible for their red coloration 

(Lima et al., 2021; Wehr et al., 2015). It has been shown that ω-3 fatty acids can improve 
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intestinal morphometry in poultry (Wang et al., 2021) and are known for their high 

nutritional value in poultry production (Alagawany et al., 2019). On the other hand, 

compounds such as lutein, zeaxanthin and β-carotene are able to increase villi in the small 

intestine of broilers (Csernus et al., 2020) and enhance intestinal absorption of nutrients 

by enlarging the surface area of villi (Lokaewmanee et al., 2013). Phycobilins exert 

growth-promoting effects and improve intestinal morphology in broilers (Paul et al., 

2021). As for oligosaccharides, they are able to improve intestinal structures  (Cheng et 

al., 2019; Shang et al., 2015). Porphyridium sp. synthesizes significant amounts of 

structural polysaccharides and exopolysaccharides which induce morphologica l 

modifications in the small intestine and increase the amount of goblet cells in the mucosal 

layer of rats (Dvir et al., 2000). However, it must be taken into account that monogastr ic 

animals cannot digest these oligosaccharides so, inside the colon, they are fermented by 

a diverse group of microorganisms (Gomes & Malcata, 1999). The results obtained in this 

study may be related to the compounds previously mentioned, which stimulate the 

intestinal parameters and growth of the birds.  

 Concerning the immune system of broilers, it is known that the oligosacchar ide 

side chains of mucins interact with bacterial adhesins preventing them from reaching the 

epithelium and damaging it (Cornick et al., 2015). This is partly due to the action of goblet 

cells, which line the villi and synthesize mucin, Muc 2, which is one of the major 

components of mucus (Johansson & Hansson, 2016). Mucus plays a critical role in 

nutrient transport, lubrication and protection within the intestinal epithelium (Baurhoo et 

al., 2007). The microalgae used in this experimentation were able to promote 

differentiation of goblet cells. This is particularly important because compounds such as 

plant extracts, probiotics and prebiotics, which have been shown to be beneficial for 

intestinal histology (Amer et al., 2021; Hashem et al., 2020; Lourenço et al., 2015; Omar 

et al., 2020; Xie et al., 2019), also promote goblet cell differentiation. Therefore, it is 

suggested that the use of microalgae as a feed additive may be relevant against bacterial 

infections, as they could reduce the negative impact of pathogenic bacteria and improve 

the health of broilers.  

 It has been suggested that a biomass incorporation rate of 1-5% is needed for a 

feed treatment to be effective. This could not considered suitable for mass use due to costs 

of production (Coudert et al., 2020). The amount of microalgae biomass used appears to 

influence the extent of the effects. The results obtained in this experiment showed that 
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the implementation of lower doses of these microorganisms can also result in body weight 

gain (16% and 13% more weight with respect to the control in the case of Tetraselmis 

chuii and Porphyridium cruentum respectively, using 0.2% of biomass). These data 

corroborate previous results obtained using C. vulgaris, A. coffeaformis and Chlorella sp. 

(El-Bahr et al., 2020; Kang et al., 2013). 

 Data obtained on meat quality parameters indicated that the microalgae used in 

this study did not modify cooking loss. Nevertheless, the incorporation of Tetraselmis 

chuii reduced the thawing loss compared to the group of broilers fed the basal diet 

(Control). The results obtained are similar to those presented in the study by Khan et al. 

(2021), where microalgae-derived product reduced thawing loss without influenc ing 

cooking loss. Other study using Spirulina platensis, Chlorella vulgaris and Amphora 

coffeaformis reduced cooking loss, but did not alter thawing loss (El-Bahr et al., 2020). 

Although the results seem to be related to the species of microalgae used, the 

administration of these microorganisms in the broiler diet does not seem to have a 

negative impact on the parameters screened.  

 

6.Conclusions 
 

 The inclusion of microalgae will not always result in positive outcomes in broiler 

growth performance or gut morphometry. Nevertheless, microalgae represent a new area 

of relevance for animal production, especially in terms of nutrition and health, so pursuing 

this field of research could generate important benefits in the future. 

 The results obtained with the microalgae species Tetraselmis chuii and 

Porphyridium cruentum demonstrate that these microorganisms could serve as potential 

feed additives in avian nutrition. The use of these species in small proportions (0.2% of 

the total feed) could generate positive effects with regard to growth performance. This 

improvement was related to the observed intestinal architecture and epithelial barrier. In 

addition, Tetraselmis. chuii administration improve thawing loss conditions in breast 

fillets. Further research is needed to improve the knowledge on the properties of 

microalgae, which may present new beneficial effects on both animal and human health. 
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