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Effect of Saccharomyces cerevisiae yeast in the diet of male
shrimp Cryphiops caementarius (Crustacea, Palaemonidae) on
total and differential hemocytes count
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ABSTRACT

RESUMEN

The aim of this study was to evaluate the effect
of Saccharomyces cerevisiae activated autolyzed yeast, and
B-glucans in the diet of male Cryphiops caementarius on total
and differential counts of hemocytes. 24 male shrimp captured
in the Pativilca River of 7.05 + 1.09 g and 5.9 + 0.43 cm were
used. The shrimp were kept in individual cultivation systems.
Three experimental diets (3 % activated yeast, 3 % autolyzed
yeast and 0.6 % [-glucans) and a control diet with six replica-
tions were used. The total number of hemocytes (33.05 x 10°
cell mL") was significantly higher (p<0.05) at 30 days with acti-
vated yeast than with autolyzed yeast (18.54 x 10° cell mL-") and
with B-glucans (14.53 x 10° cell mL"). Semigranulocytes and
granulocytes hemocytes were significantly higher (p<0.05) at 15
days (14.38 x 10° cell mL-") and 30 days (18.91 x 10° cell mL™"),
respectively with activated yeast. The hyalinocytes decreased
with the experimental diets and the atypical hemocytes almost
disappear with activated and autolyzed yeast. The results
demonstrate that the activated yeast in the diet of male
shrimp improves the number hemocytes.
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El objetivo de este trabajo fue evaluar el efecto
de la levadura Saccharomyces cerevisiae activada, autoli-
zada y los B-glucanos en la dieta de machos de Cryphiops
caementarius sobre el conteo de hemocitos totales y dife-
renciales. Se emplearon 24 camarones machos capturados
del rio Pativilca de 7.05 + 1.09 gy 5.9 + 0.43 cm. Los ca-
marones se mantuvieron en sistema de cultivo individual.
Se emplearon tres dietas experimentales (3 % levadura
activada, 3 % levadura autolizada y 0.6 % B-glucanos) y
una dieta control, con seis repeticiones. El nimero total de
hemocitos (33.05 x 10° cel mL™") fue significativamente mas
alta (p<0.05) a los 30 dias con levadura activada que con
levadura autolizada (18.54 x 10° cel mL™") y con B-glucanos
(14.53 x 10° cel mL™"). Los hemocitos granulocitos y semi-
granulocitos fueron significativamente altos (p<0.05) a los 15
dias (14.38 x 10° cel mL") y 30 dias (18.91 x 10° cel mL™),
respectivamente, con levadura activada. Los hialinocitos dis-
minuyeron con las dietas experimentales y los hemocitos
atipicos casi desaparecen con levadura activada y autoli-
zada. Los resultados demuestran que la levadura activada
en la dieta de machos del camarén mejora el nimero de
hemocitos.
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Introduction

Cryphiops caementarius shrimp (Molina, 1782) is
a type of species that can stand intense fishery (Zacarias
and Yepez, 2008) and possess a wide latitude distribu-
tion from the River Taymi in Peru (06° 32" S, Méndez,
1981) until the River Maipo in Chile (33° 26" S, Jara,
1997). In Arequipa-Peru (16° 23’ S) this species is abun-
dant (Zacarias and Yepez, 2008) and it has been studied
in growth (Aybar, 1982) and reproduction (Bazan et al.,
2009); however, there is no information regarding the use
of yeast in its diet.

Saccharomyces cerevisiae yeast is used in the produc-
tion of feed for aquatic organisms (Aguirre-Guzman et
al., 2002), but it has been limited due to its deficient nu-
tritional value, indigestibility of its cell wall (Lavens and
Sorgeloos, 1996) and by palatability, using up to 5 % on
the diet of Penaeus vannamei (Aguirre, 1994), 2 % on
Macrobrachium amazonicum (Hisano et al., 2008) and
0.5 % on M. rosenbergii (Prasad et al., 2013).

Palatability of S. cerevisiae in feed is improved by cellular
agglomeration (Aguirre-Guzman et al., 2002), cellular frac-
tioning (Comabella et al., 2004) and autolysis, by means
of which cell walls and yeast extract with high protein con-
tent, essential and no essential amino acids (Perdomo et
al., 2004), nucleotides, oligosaccharides, peptides and
B-glucans from the internal walls of lysed cells (Comabella
et al., 2004) which are joint to chitin and mananos (Aguilar
et al., 2005) are obtained. B-glucans stimulate the libera-
tion of superoxide anion, prophenoloxidase (Chang et al.,
2000; Sajeevan et al., 2009) and the proliferation of hemo-
cytes (Montesdeoca et al., 2002).

Hemocytes are produced in the hematopoietic tissue in
crustaceans (Johansson et al., 2000), and the total and
differential number of hemocytes is an indicator of immune
alert (Gullian and Rodriguez, 2002) and the state of health
(Rodriguez et al., 2000). Granulocyte, semi-granulocyte
and hyalinocite hemocytes have been characterized and
quantified in females of C. caementarius (Azafero et al.,
2006). Granulocyte hemocytes participate in the storage
and liberation of prophenoloxidase and cytotoxicity; semi-
granulocytes in encapsulation, phagocytosis, cytotoxic-
ity and the prophenolixidase system; and hyalinocites in
phagocytosis (Johansson et al., 2000).

Lipopolysaccharides, peptidoglycans and (-glucans are
immunostimulants (Dehasque et al., 1997) that increase
stress and infection resistance in fishes and crustaceans

Introduccioén

El camarén Cryphiops caementarius (Molina,
1782) es una especie que soporta intensa pesqueria (Za-
carias y Yépez, 2008) y tiene amplia distribucion latitudinal
desde el rio Taymi en Peru (06° 32" S, Méndez, 1981) hasta
el rio Maipo en Chile (33° 26" S, Jara, 1997). En Arequipa-
Pert (16° 23’ S) abunda esta especie (Zacarias y Yépez,
2008), habiéndose estudiado la nutricién en el crecimiento
(Aybar, 1982) y en la reproduccion (Bazan et al., 2009); sin
embargo no hay informes del uso de levaduras en la dieta.

La levadura Saccharomyces cerevisiae es utilizada en la for-
mulaciéon de alimentos para organismos acuaticos (Aguirre-
Guzman et al., 2002), pero ha sido limitada por el deficiente
valor nutricional, la indigestibilidad de su pared celular (La-
vens y Sorgeloos, 1996) y por la palatabilidad, empleandose
hasta 5 % en la dieta de Penaeus vannamei (Aguirre, 1994),
2 % en Macrobrachium amazonicum (Hisano et al., 2008) y
0.5 % en M. rosenbergii (Prasad et al., 2013).

La palatabilidad de S. cerevisiae en los alimentos es me-
jorada mediante la aglomeracioén celular (Aguirre-Guzman
et al., 2002), el fraccionamiento celular (Comabella et al.,
2004) y la autolisis con el cual se obtienen paredes celu-
lares y extracto de levadura con alto contenido de protei-
nas, de aminoacidos esenciales y no esenciales (Perdomo
et al., 2004), nucledtidos, oligosacaridos, péptidos y los
B-glucanos de las paredes internas de las células lisadas
(Comabella et al., 2004) que se encuentran unidos a la qui-
tina y a los mananos (Aguilar et al., 2005). Los B-glucanos
estimulan la liberacién del anién superoxido, la profenoloxi-
dasa (Chang et al., 2000; Sajeevan et al., 2009) y la prolife-
racion de hemocitos (Montesdeoca et al., 2002).

En los crustaceos, los hemocitos son producidos en el tejido
hematopoyético (Johansson et al., 2000), y el niumero total y
diferencial de hemocitos son indicadores de alerta inmunitaria
(Gullian y Rodriguez, 2002) y del estado de salud (Rodriguez et
al., 2000). En hembras de C. caementarius se han caracteriza-
do y cuantificado los hemocitos granulocitos, semigranulocitos
y hialinocitos (Azafiero et al., 2006). Los hemocitos granulocitos
participan en almacenamiento y liberacion de profenoloxidasa
y en citotoxicidad; los semigranulocitos en encapsulacion, fa-
gocitosis, citotoxicidad y en el sistema profenoloxidasa; y los
hialinocitos en fagocitosis (Johansson et al., 2000).

Los lipopolisacaridos, péptidoglicanos y B-glucanos son in-
munoestimulantes (Dehasque et al., 1997) que aumentan la
resistencia al estrés y a las infecciones en peces y crustaceos
(Donate et al., 2010; Luna et al., 2013). Sin embargo, las res-
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(Donate et al., 2010; Luna et al., 2013). However, respons-
es vary depending on its chemical structure or the number
of receptors in the shrimp membrane (Bowie and O’Neill,
2000). B-glucans improve growth and survival of Litope-
naeus vannamei (Chang et al., 2000), and M. amazonicum
(Hisano et al., 2008), and yeast improves the immune re-
sponse of M. rosenbergii (Parmar et al., 2012).

Therefore, the aim of this study was to evaluate the effect of
Saccharomyces cerevisiae activated autolyzed yeast, and
B-glucans in the diet of male Cryphiops caementarius on
total and differential counts of hemocytes.

Materials and Methods

Fish tanks: four glass fish tanks (0.60 m length;
0.31 m width; 0.35 m height; 0.186 m2area and effec-
tive water volume of 55 L) were used, each with a water
recirculation system Air-water-lift type, with biological
trickling filter and water flow of 1.5 L min-'. Six breeding
containers distributed in 2 groups of 3 levels each were
installed in each fish tank. Breeding containers of trans-
parent plastic material with lid (21 cm diameter, 284 cm?
area and 8 cm depth) had openings (3 cm length x 0.5
cm width) to allow water flow. PVC tubes of /2" diameter
which protuted 10 cm from the water level were placed in
every breeding container, by which feed was introduced.

Shrimp: they came from the River Pativilca
(10°49'59”S — 77°43'09”W) district of Pativilca, Bar-
ranca Province, Department of Lima, Peru. Shrimp were
transported individually in holey plastic vases of 200
mL, which were set in plastic tanks of 150 L. Duration of
transportation was 4 hours and there was no mortality.

Identification and acclimation: species (Men-
dez, 1981) and sex (Guerra, 1974) of shrimp were identi-
fied and then acclimated during a week in fish tanks with
dechlorinate potable water and continuous aeration; feed-
ing began at third day of acclimation with commercial bal-
anced feed (30 % total protein).

Selection and seeding: control consisted of 24
male shrimp with complete cephalothorax appendices,
with no sign of laceration in the body and molting stag-
es between C and D, (Reyes and Lujan, 2003), which
were selected randomly from a lot of 50 adults. Selected
shrimp were 7.05 + 1.09 g and 5.9 + 0.43 cm of total
length (TL: Postorbital opening — Rear end of the tel-
son). A randomly chosen shrimp was assigned to each
breeding container, meaning six shrimp per fish tank

puestas varian dependiendo de su estructura quimica o del
numero de receptores de membrana del camaron (Bowie y
O’Neill, 2000). Los B-glucanos mejoran el crecimiento y la su-
pervivencia de Litopenaeus vannamei (Chang et al., 2000) y
de M. amazonicum (Hisano et al., 2008), y la levadura mejora
la respuesta inmune de M. rosenbergii (Parmar et al., 2012).

Por consiguiente, el objetivo fue evaluar el efecto de la
levadura Saccharomyces cerevisiae activada, autolizada
y los B-glucanos en la dieta de machos de C. caementa-
rius sobre el conteo de hemocitos totales y diferenciales.

Materiales y Métodos

Acuarios: se utilizaron cuatro acuarios de vidrio
(0.60 m de largo; 0.31 m de ancho; 0.35 m de alto; con area
de 0.186 m? y volumen efectivo de agua 55 L) cada uno con
un sistema de recirculacion de agua de tipo Air-water-lift, con
filtro bioldgico percolador y con flujo de agua de 1.5 L min™.
En cada acuario se instalaron seis recipientes de crianza,
distribuidos en 2 grupos de 3 niveles cada uno. Los recipien-
tes de crianza de material plastico transparente con tapa (21
cm de didametro, 284 cm? de area y 8 cm de profundidad) tu-
vieron aberturas (3 cm de largo x 0.5 cm de ancho) para per-
mitir el flujo de agua. En cada recipiente de crianza se coloco
un tubo de PVC de 2" de diametro que sobresalié 10 cm
sobre el nivel del agua, por donde se introdujo el alimento.

Camarones: procedieron del rio Pativilca
(10°49'59”S — 77°43'09”W) distrito de Pativilca, Provincia
de Barranca, Departamento de Lima, Peru. Los camaro-
nes se transportaron individualmente en vasos plasticos
agujereados de 200 mL que se acondicionaron dentro de
tinas de plastico de 150 L. La duracién del transporte fue
de 4 h y no hubo mortalidad.

Identificacion y aclimatacion: se identificd la
especie (Méndez, 1981) y el sexo (Guerra, 1974) de los
camarones Yy luego se aclimataron durante una semana en
acuarios con agua potable declorada y con aireacién conti-
nua; y la alimentacion se inicio al tercer dia de aclimatacion
con balanceado comercial (30 % de proteina total).

Seleccion y siembra: la muestra consistié de 24 ca-
marones machos con apéndices cefalotoracicos completos,
sin ningun signo de laceraciones en el cuerpo y en estados de
muda entre C y D, (Reyes y Lujan, 2003) que se selecciona-
ron al azar de un lote de 50 adultos. Los camarones seleccio-
nados fueron de 7.05+ 1.09 g y 5.9 + 0.43 cm de longitud total
(LT: Escotadura postorbital — Extremo posterior del telson). En
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were seeded (32 shrimp/m?). Each shrimp constituted
a unit of analysis.

Diet: basal diet was the one formulated by Reyes
(2012) and the yeast and its derivatives were used as
supplements. Commercial yeast Fleishmann® was
used. Activation of yeast was made using the method of
Martinez-Rodriguez et al., (2001) and Perdomo et al.,
(2004) which was modified in incubation by 24 h at 37
°C. Yeast was autolized with the method of Tanguler and
Erten (2009) which was modified in centrifuging by 5000
rpm during 15 min. The B-glucans were obtained with the
method of Li et al., (2006), with the modification in pres-
sure of 1 Kg cm™' during 45 min in autoclave and centri-
fuging was 2000 rpm during 15 min.

Experimental design: three experimental diets
were used: supplemented diet with 3 % activated yeast,
3 % autolized yeast and 0.6 % of B-glucans of yeast. As
control only basal diet was used. There were six repeti-
tions in all treatments.

Feeding: shrimp were fed from the first day of
seeding until the end of the working with the elaborated diet
(30 % total protein). Daily portion was 8 % of the humid
weight of the shrimp, they were fed twice a day (08:00 and
18:00 h) and during six days a week.

Extraction of hemolymph: hemolymph was ex-
tracted from the pericardial sinus of living animals by using
a 1 mL syringe (Insulin Syringe 26 G'/,) according to Jus-
sila (1997), likewise, preparations in fresh of hemolymph
with storage solution of Alsever at 4 °C were made.

Counting of hemocytes: for the determination
of the total number of hemocytes (TNH) and the differ-
ential number of hemocytes (DNH), 20 pL of extracted
hemolymph were measured and added to a microtube
(Eppendorf) containing 80 pL of modified Alsever so-
lution according to Rodriguez et al., (2000) and Van
de Braak (2002). Samplings were made at the begin-
ning, at 15 days and at 30 days. TNH and DNH (HH
hyalinocite, SGH semi-granulocyte and GH granulocyte
hemocytes) were determined according to Azafero et
al., (2006) and with the formulas of Jussila (1997). The
counting was made in a Neubauer chamber and a mi-
croscope LEICA DM LS2 of conventional light in a light-
ing field provided with phasing contrast.

Water quality: cleaning of the fish tanks was
made daily by syphoning of the solid wastes. 30 % of
the water of each fish tank was renovated twice a week.

cada recipiente de crianza se asign6 un camaron al azar, es
decir, se sembraron seis camarones por acuario (32 cama-
rones m?). Cada camardn constituyé una unidad de anélisis.

Dietas: la dieta basal fue la formulada por Reyes
(2012) y la levadura y sus derivados se emplearon como su-
plementos. Se empled levadura comercial Fleishmann®. La
activacion de la levadura se realizé con el método de Martinez-
Rodriguez et al., (2001) y Perdomo et al., (2004) que se modifi-
¢0 en la incubacion por 24 h a 37 °C. La levadura fue autolizada
con el método de Tanguler y Erten (2009) que se modifico en la
centrifugacion por 5000 rpm por 15 min. Los 3-glucanos fueron
obtenidos con el método de Li et al., (2006), con la modificacion
en la presion de 1 Kg cm por 45 min en autoclave y la centri-
fugacion fue de 2000 rpm por 15 min.

Disefio experimental: se emplearon tres dietas
experimentales: Dietas suplementada con 3 % de leva-
dura activada, 3 % de levadura autolizada y con 0.6 % de
B-glucanos de levadura. Como control se empled solo la die-
ta basal. En todos los tratamientos hubo seis repeticiones.

Alimentacién: los camarones se alimentaron
desde el primer dia de siembra hasta el final del trabajo
con la dieta elaborada (30 % de proteina total). La racién
diaria fue del 8 % del peso humedo por camarén, se ali-
mentaron dos veces por dia (08:00 y 18:00 h) y durante
seis dias a la semana.

Extraccion de hemolinfa: la hemolinfa se extrajo
del seno pericardico de los animales vivos usando una je-
ringa de 1 mL (Insulin Syringe 26 G'/,) segun Jussila (1997)
asi mismo se realizaron preparaciones en fresco de la he-
molinfa con solucién de Alsever almacenada a 4 °C.

Recuento de hemocitos: para la determinacion del
numero total de hemocitos (NTH) y el niumero diferencial de
hemocitos (NDH), se midieron 20 uL de hemolinfa extraida y se
adicionaron a un microtubo (Eppendorf) conteniendo 80 pL de
solucion de Alsever modificado segun Rodriguez et al., (2000)
y Van de Braak (2002). Los muestreos se realizaron al inicio, a
los 15y 30 dias. EI NTH y el NDH (hemocitos hialinocitos HH,
semigranulocitos HSG y granulocitos HG) se determinaron se-
gun Azafero et al., (2006) y con las formulas de Jussila (1997).
El conteo se realiz6 en una cdmara de Neubauer y un micros-
copio LEICA DM LS2 de luz convencional de campo luminoso
provisto de contraste de fases.

Calidad del agua: la limpieza de los acuarios se
realiz6 diariamente por sifoneo de los desechos soélidos.
El 30 % del agua de cada acuario se renovo dos veces
por semana. La calidad del agua se monitore6 cada seis
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Water quality was monitored every six days. Temperature
was determined with digital thermometer (+ 0.01 °C), dis-
solved oxygen was determined with Portable Hach Ox-
imeter LDO (+ 0.01 mg L"), pH with a digital pH-meter 110
(£ 0.01 units), total ammonium and nitrites were determined
with the Nutrafin Test (+ 0.1 mg L").

Statistical analysis: numeric data per sampling
were submitted to variance homogeneity, variance analysis
of one way and Tukey test, in both cases, with 5 % sig-
nificance. Results are presented as a mean * standard
deviation. Statistical analysis were made using the SPSS
software version 18 for Windows.

Results and Discussion

Basal TNH of shrimp were 3.26 + 0.09 x 10°
cell mL", but at 15 days there was a significant increase
(p<0.05) between 5 to 6 times with the experimental di-
ets, control did not vary. At 30 days, TNH of the ones
fed with activated yeast increased significantly (p<0.05)
10 times in relation with the basal, and during this time
it was significantly higher (p<0.05) than with autolyzed
yeast and B-glucans, which were kept constant during
this 15 days, except the control, which increased signifi-
cantly (p<0.05) (Figure 1).

Basal GH of shrimp were 0.72 + 0.02 x 10° cell mL", but
at 15 days there was an significant increase (p<0.05) 20
times in the ones fed with activated yeast, 14 times with
autolyzed yeast and 11 times with B-glucans; during

A 9 u Control diet
. m Activated yeast
T, 30 A B Autolyzed yeast
E @ B-glucans
@
O 20
=)
3
% 10 A a
'_
ol _mm
0

dias. Se determinaron la temperatura con termémetro di-
gital (x 0.01 °C), el oxigeno disuelto con Oximetro Hach
Portatil LDO (+ 0.01 mg L"), el pH con un pH-metro digi-
tal 110 (£ 0.01 unidades), el amonio total y los nitritos con
el Test Nutrafin (£ 0.1 mg L").

Analisis estadistico: los datos numéricos por
cada muestreo fueron sometidos a homogeneidad de va-
rianza, anadlisis de varianza de una via y a la prueba de
Tukey, en ambos casos con significancia del 5 %. Los re-
sultados se presentan como media + desviacion estandar.
Los andlisis estadisticos se efectuaron con el Software
SPSS version 18 para Windows.

Resultados y Discusion

El NTH basales de los camarones fueron
de 3.26 + 0.09 x 10° cel mL", pero a los 15 dias hubo
incremento significativo (p<0.05) entre 5 a 6 veces con las
dietas experimentales, no existié variacién en el control. A los
30 dias el NTH de los alimentados con levadura activada se
incrementaron significativamente (p<0.05) en 10 veces en
relacion al basal y en este tiempo fue significativamente mas
alto (p<0.05) que con levadura autolizada y con 3-glucanos que
se mantuvieron constantes en estos Ultimos 15 dias, excepto el
control que incrementd significativamente (p<0.05) (Figura 1).

Los HG basales de los camarones fueron de 0.72 *
0.02 x 105 cel mL™", pero a los 15 dias hubo incremento
significativo (p<0.05) de 20 veces en los alimentados
con levadura activada, de 14 veces con levadura autolizada

15 30
Days

Figure 1. Variation on the total number of hemocytes (TNH) in males of
C. caementarius, according to treatments. Same letters on bars indicate
there is no significant difference (p>0.05) for each sampling, and asterisks
indicate significant difference (p<0.05) in relation with the initial value and ns
means non-significant to the initial value.

Figura 1. Variacién del nimero total de hemocitos (NTH) en machos de
C. caementarius, segun tratamientos. Letras iguales sobre las barras indican que
no hay diferencia significativa (p>0.05) por cada muestreo y los asteriscos indican diferen-
cia significativa (p<0.05) con relacion al valor inicial y ns es no significativo al valor inicial.
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this time there were significant differences (p<0.05) be-
tween the ones fed with activated yeast and -glucans;
in contrast, control kept constant. At 30 days, GH were
almost constant in the ones fed with activated yeast, thus
significantly higher (p<0.05) than the other diets which
even decreased in number with no significant differenc-
es (p>0.05) during this last 15 days, except the control,
which increased significantly (p<0.05) (Figure 2).

Basal SGH of shrimp were of 2.10 £ 0.92 x 10° cell mL-" and
at 15 days there was a slight significant increase (p<0.05)
with experimental diets, 4 times more than with autolyzed
yeast, 3 times with B-glucans and 2 times with activated

20 -
= Control diet

1 B Activated yeast
15 B Autolyzed yeast
@ B-glucans

5 |
E a

0 ke ,
0

Figure 2.
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y de 11 veces con B-glucanos; y durante este tiempo hubo
diferencias significativas (p<0.05) entre los alimentados con
levadura activada y B-glucanos; en cambio en el control se
mantuvo constante. A los 30 dias los HG se mantuvieron casi
constante en los alimentados con levadura activada, siendo
significativamente alto (p<0.05) que las demas dietas que
incluso disminuyeron en numero sin diferencias significativas
(p>0.05) en estos Ultimos 15 dias, excepto el control que
incremento significativamente (p<0.05) (Figura 2).

Los HSG basales de los camarones fueron de 2.10 + 0.92 x
10° cel mL"y a los 15 dias hubo ligero incremento significativo
(p<0.05)conlasdietas experimentales, de 4 veces conlevadura
autolizada, de 3 veces con B-glucanos y de 2 veces con

15 30
Days

Variation on the number of granulocyte hemocytes (GH) in males of C.

caementarius, according to treatments. Same letters on bars indicate there is no
significant difference (p>0.05) for each sampling, and asterisks indicate significant difference
(p<0.05) in relation with the initial value and ns means non-significant to the initial value.

Figura 2.

Variacién del nimero de hemocitos granulocitos (HG) en machos de C.

caementarius, segun tratamientos. Letras iguales sobre las barras indican que no hay diferencia
significativa (p>0.05) por cada muestreo y los asteriscos indican diferencia significativa (p<0.05) con
relacion al valor inicial y ns es no significativo al valor inicial.

yeast; control did not vary. At 30 days, SGH on the ones
fed with activated yeast increased significantly (p<0.05)
9 times in relation with the basal, and during this time
it was statistically similar (p>0.05) with autolyzed yeast,
which increased 6 times in relation with basal; the ones
fed with B-glucans remained constant and control in-
creased thus significantly (p<0.05) 3 times in the last 15
days (Figure 3).

Basal HH of shrimp were 0.19 £ 0.31 x 10° cell mL-" and
at 15 days they decreased to almost half with activated
yeast and there was a decrease with autolyzed and in

levadura activada; en el control no varié. Alos 30 dias los HSG
de los alimentados con levadura activada se incrementaron
significativamente (p<0.05) en 9 veces en relacion al basal y en
este tiempo fue estadisticamente similar (p>0.05) con levadura
autolizada que se incrementd en 6 veces en relacion al basal;
los alimentados con B-glucanos permanecieron constantes y el
control incrementd significativamente (p<0.05) 3 veces en los
ultimos 15 dias (Figura 3).

Los HH basales de los camarones fueron de 0.19 + 0.31
x 10° cel mL" y a los 15 dias disminuyeron casi a la mitad
con levadura activada y hubo una ligera disminucion con
autolizada y en el control pero sin diferencias significativas
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Figure 3. Variation on the number of semi-granulocyte hemocytes (SGH) in males
of C. caementarius, according to treatments. Same letters on bars indicate there is no

significantdifference (p>0.05)foreachsampling,andasterisksindicatesignificantdifference
(p<0.05) in relation with the initial value and ns means non-significant to the initial value.

Figura 3. Variacion del numero de hemocitos semi granulocitos (HSG) en ma-
chos de C. caementarius, segun tratamientos. Letras iguales sobre las barras indican
que no hay diferencia significativa (p>0.05) por cada muestreo; los asteriscos indican diferencia
significativa (p<0.05) con relacién al valor inicial y ns es no significativo al valor inicial.

the control, with no significant differences (p>0.05) with bas-
al or amongst them; in contrast, with B-glucans it decreased
significantly (p<0.05) 11 times in relation with the basal. At
30 days, HH of the ones fed with experimental diets de-
creased significantly (p>0.05) in relation with the basal and
during this time there was no significant difference (p<0.05)
amongst them, but the highest tendency to decrease was
obtained by the B-glucans; in contrast, HH of control were
kept similar to the basal but significantly higher (p<0.05)
than the ones with the experimental diets (Figure 4).

m Control diet

B Autolyzed yeast

0.28 -
0.24
0.20 -
0.16 1
0.12 ]
0.08 -
0.04 -
0.00 -

HH (x 10° Cell mL™")

(p>0.05) con los basales ni entre ellas; en cambio con
B-glucanos disminuy6 significativamente (p<0.05) en 11
veces en relacion con el basal. A los 30 dias los HH de los
alimentados con las dietas experimentales disminuyeron
significativamente (p<0.05) en relacion a los basales y durante
este tiempo no hubo diferencia significativa (p>0.05) entre
ellas, pero la mayor tendencia a disminuir fue obtenida con
B-glucanos; en cambio en el control los HH se mantuvieron
similar al basal pero significativamente alto (p<0.05) en
relacién con las dietas experimentales (Figura 4).

B Activated yeast
OB-glucans

Figure 4.

15 30
Days

Variation on the number of hyalinocite hemocytes (HH) in males of

C. caementarius, according to treatments. Same letters on bars indicate there is
no significant difference (p>0.05) for each sampling, and asterisks indicate significant
difference (p<0.05) in relation with the initial value and ns means non-significant to the

initial value.

Figura 4. Variaciéon del numero de hemocitos hialinocitos (HH) en machos de C.
caementarius, segun tratamientos. Letras iguales sobre las barras indican que no hay
diferencia significativa (p>0.05) por cada muestreo; los asteriscos indican diferencia signi-
ficativa (p<0.05) con relacién al valor inicial y ns es no significativo al valor inicial.
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HA basal of shrimp were 0.28 + 0.07 x 10° cell mL" and at
15 days they decreased abruptly (p<0.05) in the ones fed
with activated yeast until almost disappearing at 30 days,
differing significantly (p<0.05) with the basal both times. In
contrast, with autolyzed yeast, 3-glucans and control there
was no significant difference (p>0.05) amongst them nor
with the basal at 15 days. At 30 days, HA of the ones fed
with activated and autolyzed yeast almost disappeared, in
contrast with B-glucans it decreased slightly and in control
it increased slightly, in both cases there was no difference
(p>0.05) with basal but they did differed signicantly (p<0.05)
amongst them (Figure 5).

During the study there was no record of shrimp mortality
in any of the treatments. Water quality parameters mea-
sured during the experiments did not show significant
variation (p>0.05) amongst treatments, which assures
the results obtained with the diets. Temperature varied
from 22.28 to 24.54°C, pH from 7.05 to 7.21, dissolved
oxygen from 3.82 to 5.28 mg L™, nitrites were 0.1 mg L'
and there was no total ammonium.

In this study, the rapid increase of TNH and SGH at 30
days, GH at 15 days and the decrease of HH and mainly of
HA from the 15 days of experimentation, constitute the first

m Control diet

0.60 - B Autolyzed yeast

0.50
0.40 ]
0.30 ]
0.20 ]

HA (x 10° Cell mL"")

0.10 -

0.00 T

Los HA basales de los camarones fueron de 0.28 + 0.07
x 10° cel mL" y a los 15 dias disminuyeron abruptamente
(p<0.05) en los alimentados con levadura activada hasta
casi desaparecer a los 30 dias difiriendo significativamente
(p<0.05) con el basal en ambos tiempos. En cambio, con
levadura autolizada, con B-glucanos y el control no hubo
diferencia significativa (p>0.05) entre ellos ni con el basal
a los 15 dias. A los 30 dias los HA de los alimentados
con levadura activada y autolizada casi desaparecieron,
en cambio con B-glucanos disminuyd ligeramente vy
en el control aumentd ligeramente en ambos casos no
hubo diferencia (p>0.05) con el basal pero si difirieron
significativamente (p<0.05) entre ellos (Figura 5).

Durante el estudio no se registré mortalidad de camarones
en ninguno de los tratamientos. Los parametros de calidad
del agua medidos durante la experiencia no mostraron
variacion significativa (p>0.05) entre tratamientos lo
que asegura los resultados obtenidos con las dietas. La
temperatura vario de 22.28 a 24.54°C, el pH de 7.05 a
7.21, el oxigeno disuelto de 3.82 a 5.28 mg L™, los nitritos
fue de 0.1 mg L' y no hubo amonio total.

En el presente estudio, el rapido incremento del NTH y de

HSG a los 30 dias, de HG a los 15 dias, y la disminucién
de HH y principalmente de HA a partir de los 15 dias de
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Figure 5. Variation on the number of atypical hemocytes (AH) in males
of C. caementarius, according to treatments. Same letters on bars indicate
there is no significant difference (p>0.05) for each sampling, and asterisks
indicate significant difference (p<0.05) in relation with the initial value and ns

means non-significant to the initial value.

Figura 5. Variacion del nimero de hemocitos atipicos (HA) en machos de
C. caementarius, segun tratamientos. Letras iguales sobre las barras indican que
no hay diferencia significativa (p>0.05) por cada muestreo; los asteriscos indican diferen-
cia significativa (p<0.05) con relacion al valor inicial y ns es no significativo al valor inicial.
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evidence of use of activated, autolyzed yeast and -glucans
on the diet on variation of number of total and differential
hemocytes in males of C. caementarius.

The basal TNH and DNH analysis shows the numeric
deficiency of hemocytes in C. caementarius from the
River Pativilca. Hence, basal TNH (3.63 x 10° cell mL™")
were seven times lower in relation with the reported for
females of the same species ((25.50 x 10° cell mL") from
the River Lacramarca (Azafiero et al., 2006), which could
be due to genre, proceeding of organisms and, as it will
be explained later, the immune state. TNH and DNH in
crustaceans depends on the species, sex, proceeding,
season, lab conditions, count methods, water quality
(Gelibolu et al., 2009), feed, stimulating substances
(Sarlin and Philip, 2011) and the state of immune re-
sponse (Yao et al., 2006). In crustaceans, THN seem to
be specific species as in males of Callinectes sapidus
(216.43 x 10% cell mL"; Gelibolu et al., 2009) and Car-
cinus aestuarii (6.4 x 108 cell mL"'; Matozzo and Marin,
2010), and in postlarvae of M. rosenbergii (7.81 x 108
cell mL'; Parmar et al., 2012).

Likewise, the basal number of GH (0.71 x 10° cell mL")
as well as basals of SGH (2.10 x 105 cell mL-") and HH
(0.19 x 10° cell mL") of shrimp were respectively 14 and
7 times lower than the reported by Azafero et al., (2006)
for female of the same species (10.54 x 10° cell mL™;
13.71 x 105 cell mL" and 1.25 x 10° cell mL"', respec-
tively), which would indicate the deficient immune state
of shrimp, since GH participate in storing and liberation
of prophenoloxidase and cytotoxicity; SGH in encapsu-
lation, phagocytosis, cytotoxicity and prophenoloxidase
system; and HH in phagocytosis (Johansson et al.,
2000). In males of C. sapidus high values of GH (82.63
x 10* cell mL"), SGH (112.35 x 10* cell mL™") and HH
(21.44 x 10* cell mL™") (Gelibolu et al., 2009) are reported.

In addition, the initial presence of HA in all shrimp and
the significant increase only in control treatment at 30
days, would also sustain the deficient initial immune
state of shrimp that aggravated in captivity. The high
concentration of HA shows a deficient immune state,
a low replacement capacity with new hemocytes and a
free circulation of worn-out or apoptotic cells (Maldo-
nado, 2003). However, the rapid decrease of HA in only
15 days, when fed with activated and autolyzed yeast,
would show the rapid effect that both forms of using yeast
had to increase TNH, GH and SGH.

experimentacion, constituye la primera evidencia del uso de
levadura activada, autolizada y B-glucanos en la dieta sobre
la variacion del niumero de hemocitos totales y diferenciales
en machos de C. caementarius.

El andlisis del NTH y NDH basales muestra la deficiencia
numérica de hemocitos de C. caementarius del rio Pativilca.
Asi, el NTH basales (3.63 x 10° cel mL") fueron siete veces mas
bajo en relacion con lo reportado para hembras de la misma
especie (25.50 x 10° cel mL") del rio Lacramarca (Azafiero et
al., 2006), lo cual podria deberse al género, a la procedencia
de los organismos y como se explicara mas adelante al estado
inmunolégico. EI NTH y el NDH en crustaceos depende
de la especie, sexo, procedencia, estacion, condiciones de
laboratorio, métodos de conteo, calidad del agua (Gelibolu et
al., 2009), alimento, sustancias estimulantes (Sarlin y Philip,
2011) y el estado de respuesta inmune (Yao et al., 2006). En los
crustaceos el NTH parece especie especifica como en machos
de Callinectes sapidus (216.43 x 10* cel mL"; Gelibolu et al.,
2009) y de Carcinus aestuarii (6.4 x 10° cel mL"; Matozzo y
Marin, 2010), y en postlarvas de M. rosenbergii (7.81 x 108 cel
mL; Parmar et al., 2012).

De igual manera, el nimero basal de los HG (0.71 x 10° cel
mL-") asi como los basales de HSG (2.10 x 10° cel mL") y HH
(0.19 x 10° cel mL") de los camarones fueron, respectivamen-
te, 14 y 7 veces mas bajos que lo reportado por Azafiero et
al., (2006) para hembras de la misma especie (10.54 x 10°
cel mL"; 13.71 x 10% cel mL" y 1.25 x 10° cel mL", respecti-
vamente), lo que indicaria el deficiente estado inmunitario de
los camarones; pues los HG participan en almacenamiento y
liberacion de profenoloxidasa y en citotoxicidad; los HSG en
encapsulacion, fagocitosis, citotoxicidad y en el sistema profe-
noloxidasa; y los HH en fagocitosis (Johansson et al., 2000).
En machos de C. sapidus se reportan altos valores de HG
(82.63 x 10* cel mL"), HSG (112.35 x 10% cel mL") y HH (21.44
x 10* cel mL™") (Gelibolu et al., 2009).

Ademas, la presencia inicial de HA en todos los cama-
rones y el incremento significativo solo en el tratamiento
control a los 30 dias sustentaria también el deficiente
estado inmunitario inicial de los camarones que se agra-
varon con el cautiverio. La alta concentracion de HA
demuestra un deficiente estado inmunitario, una baja
capacidad de reemplazo con hemocitos nuevos y una
libre circulacion de células inmunitarias desgastadas o
apoptéticas (Maldonado, 2003). Sin embargo, la rapida
disminucion de los HA en solo 15 dias, cuando se ali-
mentaron con levadura activada y autolizada, demostra-
ria el rapido efecto que tuvieron ambas formas de usar la
levadura para incrementar el NTH, los HG y HSG.
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As the experiment advanced and up to the 30 days, TNH
of shrimp fed with activated yeast had an exponential in-
crease 10 times more (33.63 x 10° cell mL™") to the basal
count; in contrast, with autolyzed yeast and B-glucans
the increase was of only 5 times but with tendency to
stabilize within time, which would prove the capacity
that activated yeast has to rapidly and progressively
increase TNH in the species, improving so its immune
state. Le Moullac et al., (2000), consider that shrimp
with a high level of TNH resists better to infection, and
ascent of TNH count is due to the additive used. In ad-
dition, digestion of full yeast within the digestive tract of
shrimp must have glucans of the internal wall of cells
of yeast, as reported by Zlatkovic et al., (2003), which
would have allowed an adequate immune stimulation,
as happens in L. vannamei (Burgents et al., 2004).

Even when B-glucans of yeast are used as immunos-
timulants in diverse crustaceous (Chang et al., 2000;
Maldonado, 2003), they were not capable to continue
increasing TNH in the species as activated yeast did,
probably due to the modification of the used technique.
Zlatkovic et al., (2003) consider that one of the high-
est difficulties in the purification of glucans of yeast is
its separation, since they are associated to chitin and
mananos. Similar difficulty must have happened with
autolyzed yeast. Therefore, B-glucans and activated
yeast obtained in this study were not able to continue
stimulating hemocytes proliferation, being convenient
to experiment with this additives but of certified quality.

The highest and most significant number of GH were
obtained with activated yeast (14.37 x 10° cell mL™")
within the first 15 days, maintaining in similar concen-
tration of GH or also with the maximum capacity that
activated yeast would have to stimulate, in short time,
the proliferation of GH, hence the immune system would
improve. Johansson et al., (2000) consider that GH pre-
pare shrimp to face invasion of microorganisms through
the liberation of prophenoloxidase and by cytotoxicity.

In the case of diets with autolyzed yeast and B-glucans,
they provoked increase of GH at 15 days of feeding,
but the decrease at 30 days would indicate they are not
adequate to stimulate proliferation of GH in the species.
Low concentration of GH obtained with B-glucans could
be related to the used concentration (0.6 %) in the diet,
since Lanz et al., (1993) found that a high concentration

Conforme avanzé la experimentacién y hasta los 30 dias, el
NTH de los camarones alimentados con levadura activada
tuvo un incremento exponencial que fue 10 veces mas (33.63
x 10° cel mL") al conteo basal; en cambio con levadura autoli-
zada y con B-glucanos el incremento fue solo de 5 veces pero
con tendencia a estabilizarse con el tiempo, lo que demostra-
ria la capacidad que tendria la levadura activada para incre-
mentar en forma rapida y progresiva el NTH en la especie,
mejorando con ello su estado inmunolégico. Le Moullac et al.,
(2000), consideran que el camaron con un alto NTH resiste
mejor la infeccion y el ascenso en el conteo del NTH es de-
bido al aditivo empleado. Ademas, la digestién de la levadura
entera dentro del tracto digestivo del camardn debe haber de-
jado expuestos los glucanos de la pared interna de las células
de levadura, como es reportado por Zlatkovic et al., (2003),
lo que habria permitido una adecuada estimulacion inmuno-
l6gica, como sucede en L. vannamei (Burgents et al., 2004).

Aun cuando los B-glucanos de levadura son empleados como
inmunoestimulantes en diversos crustaceos (Chang et al.,
2000; Maldonado, 2003), estos no fueron capaces de con-
tinuar incrementando el NTH en la especie como lo hizo la
levadura activada, probablemente por la modificacion de la
técnica empleada. Zlatkovic et al., (2003) consideran que una
de las mayores dificultades en la purificacion de glucanos de
levadura es su separacion, desde que ellos estan asociados
a la quitina y a los mananos. Similar dificultad debe haber
ocurrido con la levadura autolizada. Por consiguiente, los
B-glucanos y la levadura autolizada obtenidos en este estudio
no fueron capaces de continuar estimulando la proliferacién
de hemocitos, siendo conveniente experimentar con estos
aditivos pero de calidad certificada.

El mas alto y significativo numero de HG se obtuvieron con le-
vadura activada (14.37 x 10° cel mL™") en los primeros 15 dias
manteniéndose en similar concentracion hasta los 30 dias, lo
que sugiere que ésta podria ser la maxima concentracion de
HG o también la maxima capacidad que tendria la levadura
activada para estimular, en corto tiempo, la proliferacién de los
HG, con lo cual se mejoraria el estado inmunitario. Johansson
et al., (2000) consideran que los HG preparan a los camaro-
nes para enfrentar la invasién de microorganismos a través
de la liberacion de profenoloxidasa y mediante citotoxicidad.

En el caso de las dietas con levadura autolizada y -glucanos
ocasionaron incremento de HG a los 15 dias de alimentacién,
pero la disminucién a los 30 dias indicaria que no son ade-
cuados para estimular la proliferacién de HG en la especie.
La baja concentracion de HG obtenida con B-glucanos podria
estar relacionado con la concentracion empleada en la dieta
(0.6 %), toda vez que Lanz et al., (1993) encontraron que alta
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of B-glucans is ineffective in activating the propheno-
loxidase system in Procambarus clarkii, and Le Moullac
et al., (2000) determined that there is a discussion on
the feeding level with B-glucans and they recommend to
use between 0.1 % and 1.0 % of B-glucans in the diet
to obtain the effects on the immune response on Peneid.

Diets with autolyzed yeast and -glucans slightly stimu-
lated the proliferation of SGH at 15 days, but at 30 days
the highest significant stimulations were obtained with
activated yeast (18.91 x 10° cell mL"). In female of C.
caementarius the number of SGH is 13.71 x 105 cell
mL" (Azafiero et al., 2006). Obtained results suggest
that SGH of shrimp would require longer (30 days) to
proliferate, even when fed with activated yeast, time
in which shrimp would find in a better immune state.
According to Lanz et al., (1993) and Johansson et al.,
(2000), SGH protect from the invasion of pathogens by
the encapsulation, phagocytosis, cytotoxicity and lib-
eration of prophenoloxidase.

Even though basal HH of shrimp were low (0.19 x 10° cell
mL-"), when compared to what was reported for female
of the same species (1.25 x 10° cell mL-', Azafiero et al.,
2006), they decreased even more in all treatments during
the experiment, except in control, which was constant.
This decrease in HH seem to be due to the increase of
GH and SGH, and also they could be an indicator on the
improvement of the state of health and immune state of
shrimp. In L. vannamei and P. chinensis, HH increase
when there is a viral infection (Kim et al., 1999; Montes-
deoca et al., 2002) and in Eriocheir sinensis due to the
high phagocytic activity of HH (Lv et al., 2014).

Results of this study suggest the use of activated yeast
(S. cerevisiae) to improve TNH and DNH in males of C.
caementarius, although it would be convenient to evalu-
ate other immune parameters complemented with histo-
pathological analysis to better understand the state of
health of the species.
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