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An 8-week feeding trial was conducted with juvenile red drum to evaluate four different prebiotics:
fructooligosaccharides (FOS) in the form of inulin, galactooligosaccharides (GOS), Bio-MOS®, containing
mannanoligosaccharides (MOS) derived from yeast, and Previda™ containing galacto-gluco-mannans from
hemicellulose extract. Each prebiotic was added at a level of 10 g kg−1 to the basal diet which was formulated
to contain 41% protein and 10% lipid. Each diet was randomly assigned to three aquaria and fed twice daily to
apparent satiation. Fish fed the diet containing Previda™ had significantly higher (Pb0.05) weight gain than
fish fed the basal diet and the one supplemented with Bio-MOS®. Feed efficiency and protein efficiency ratio of
fish fed the various diets were not significantly different (PN0.05), although fish fed the basal diet had the
lowest values. Fish fed the Bio-MOS® diet had lower survival than fish fed the other diets. Hepatosomatic
index, muscle ratio and condition factor were not affected by the dietary treatments. Fish fed the FOS diet had
a significantly lower neutrophil oxidative radical production than fish fed the other diets. However, serum
lysozyme activity was significantly lower (Pb0.05) in fish fed the basal diet compared with those fed the diets
supplemented with prebiotics. Quantitative changes in the ultrastructural characteristics of the gastrointes-
tinal tract of red drum fed the various diets were evaluated using histological methods. Fold height and
enterocyte height in pyloric caeca and proximal, mid- and distal intestines were not significantly affected by
diet. However, microvilli heights in pyloric caeca, proximal and mid-intestine were significantly increased by
the supplementation with prebiotics. In this experiment, Previda™ supplementation resulted in significant
improvements in growth performance and immunological responses, even as compared to other
commercially available prebiotics. Because prebiotic supplementation may result in enhancement of different
performance indicators in various fish species, tailored evaluations are recommended before suggesting
specific prebiotic strategies.

© 2010 Elsevier B.V. All rights reserved.

1. Introduction

Prebiotics are defined as non-digestible dietary ingredients that
beneficially affect the host by selectively stimulating the growth of and/
or activating the metabolism of health-promoting bacteria in the
gastrointestinal (GI) tract (Manning and Gibson, 2004). Compounds
which have been shown to have prebiotic characteristics include
mannanoligosaccharides (MOS), lactose, trans-galactooligosaccharide,
as well as oligofructose and inulin (Teitelbaum and Walker, 2002).
Results from several studies have indicated that prebiotics can improve
growth performance and feed utilization of various fish species (Li and
Gatlin, 2004; 2005;Mahious et al., 2006; Staykov et al., 2007; Torrecillas
et al., 2007; Zhou et al., 2007; Burr et al., 2008; Grisdale-Helland et al.,
2008), enhance their non-specific immune responses and resistance to
bacterial infections (Li and Gatlin, 2004; 2005; Staykov et al., 2007;

Buentello et al., 2010), improve gut function and health by improving
the ultrastructure of the intestine mucosa (Salze et al., 2008;
Dimitroglou et al., accepted for publication), as well as activate health-
promoting bacteria in the intestine (Zhou et al., 2007) and affect whole-
body protein concentration (Genc et al., 2007a,b; Torrecillas et al., 2007;
Yilmaz et al., 2007).

The red drum is an important fish for United States aquaculture
and stock enhancement. Although this carnivorous and euryhaline
sciaenid is endemic to the Gulf and Atlantic coasts of the US, its
aquaculture production is expanding in several countries. This species
has desirable characteristics for aquaculture such as rapid growth
and a wide salinity tolerance (Gatlin, 2002). Recently, the beneficial
influences of dietary prebiotics on growth performance and immune
response of red drum have been investigated (Burr et al, 2009). The
purpose of the present study was to further evaluate the effects
of different prebiotics including the two commercial mannanoligo-
saccharides in the form of Bio-MOS® and Previda™ as well as
fructooligosaccharide (FOS) in the form of inulin and trans-galactoo-
ligosaccharide (GOS).
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2. Materials and methods

2.1. Diet preparation

The basal diet,whichutilizedmenhadenfishmeal and soybeanmeal
as protein sources andmenhaden oil as the lipid source, was formulated
to contain 41% crude protein and 10% lipid on a dry-matter basis. This
diet satisfied all known nutrient requirements of red drum (Gatlin,
2002). The prebiotic products FOS, Bio-MOS®, Previda™ or GOS, were
added individually to the basal diet at 1% of dry weight to replace
cellulose (Table 1). All ingredients were thoroughly mixed via a
Patterson-Kelley V-blender and then placed in the mixing unit of a
Hobart meat grinder where lipid and water were added to a
homogenous dough consistency. Cold-extruded pellets (3-mm diame-
ter) were produced and air-dried to about 10% moisture, sealed in bags
and stored frozen (−20 °C) prior to use in the feeding trial. Proximate
composition of the experimental diets is presented in Table 1.

2.2. Fish and experimental conditions

Disease-free juvenile red drum (Sciaenops ocellatus) were obtained
from the Texas Parks and Wildlife Department Marine Development
Center. Prior to the experiment, fish were prophylactically treated with
nitrofurazone (broad spectrum antibiotic, 3 h at 30 ppm, SIGMA, Cat no.
N9009 St. Louis, MO) and freshwater bath (0 ppt salinity 30 min, against
externalparasites) andacclimated for 2 weeks to abrackish-water (3‰),
recirculating system at the Texas A&MUniversity Aquacultural Research
and Teaching Facility. A commercial diet (40% crude protein, 10% crude
lipid, Rangen Inc. Idaho, USA) was fed to all fish during the conditioning
period. At thebeginning of theexperiment,fish (initialweight about 7 g)
of similar size were weighed and sorted into 15, 38-l aquaria with 12
individuals per aquarium. Each diet was randomly assigned to three
replicate groups of fish. Each aquariumwas provided with a continuous
flow of water (650 ml/min), whichwas recirculated through a common
settling chamber, biofilter and sand filter. Continuous aeration was
provided to each aquarium through air stones to maintain dissolved

oxygen levels at or near saturation. Water temperature was controlled
by ambient air and remained at 26±1 °C throughout the trial. A 12-
h light:12-h dark photoperiod was maintained with fluorescent lights
controlled by timers. All groups of fish were fed at the same fixed rate,
two times daily, initially 6% body weight per day and gradually reduced
to 3%. The feeding rate was adjusted every 2 weeks to maintain a level
approaching apparent satiation, without overfeeding. During the
experimental period, pH was 7.8–8.0, unionized ammonia nitrogen
was lower than 0.05 mg/l, and dissolved oxygen was not less than
6.0 mg/l. Each aquariumwas cleaned biweekly at the time the fishwere
removed and weighed as a group. The feeding trial lasted for 8 weeks.

2.3. Sample collection techniques and analyses

At the termination of the 8-week feeding trial, fish in each
aquarium were individually weighed and sampled for tissue analysis
24 h after the last feeding. Hepatosomatic index (HSI) and muscle
ratio were determined from two individual fish per aquarium by
obtaining tissues (liver andmuscle) and expressing ratios as a percent
of body weight. Two representative fish from each aquarium also
were anesthetized with tricaine methane sulfonate (MS-222), and
approximately 0.5 ml of blood was collected from the caudal
vasculature using a 1-ml syringe with a 27-gauge needle. Plasma
was separated as previously described (Li and Gatlin, 2003) and
lysozyme activity was determined by a turbidimetric assay (Jørgensen
et al., 1993). A lysozyme activity unit was defined as the amount of
enzyme producing a decrease in absorbance of 0.001 min−1 at pH 5.2.
Whole blood neutrophil oxidative radical production also was
determined as described by Siwicki et al. (1994) and Li and Gatlin
(2003). Absorbance was converted to Nitro Blue Tetrazolium (NBT)
units based on a standard curve of NBT diformazan/ml blood.

2.4. Histological and morphometric analysis

In addition, at the end of the experiment two representative fish
from each aquarium were anesthetized with tricaine methane
sulfonate (MS-222, 100 mg/l) and their entire intestinal tract was
dissected, measured and weighed after removal of the digestive
contents. Each intestine was then tied at both ends, injected with
Davidson's fixative (water/formalin/ethanol/acetic acid, 3/2/3/1, v/v)
and then immersed inDavidson'sfixative. After 24 h, the sampleswere
dehydrated and transferred to an ethanol solution (70%). The pyloric
caeca, proximal intestine, mid-intestine and distal intestine were
embedded in paraffin and sectioned into 4-μm transverse cuts
following the axis of the gut lumen. The samples were then mounted
on glass slides, and stained with hematoxylin and eosin. Slides were
examined on a light microscope (Olympus BX60) equipped with the
Adobe Photoshop CS4 software. Digitalized images were analyzed
measuring the micrometer length of various enteric structures.
Macromorphological (fold length) and micromorphological (total
enterocyte height and microvillus height) parameters were measured
(10 fields per individual sample) according to the procedures
described by Escaffre et al. (2007).

2.5. Calculations and statistical analysis

The parameters were calculated as follows:

Percent weight gain WG; %ð Þ = Final wt: – initial wt:ð Þ=initial wt:½ � × 100

Feed efficiency ratio FEð Þ = weight gain gð Þ=feed consumed g;DWð Þ
Protein efficiency ratio PERð Þ = weight gain gð Þ=protein intake gð Þ
Condition factor CFð Þ¼ 100 × body weight; gð Þ= body length; cmð Þ3

Hepatosomatic index HSIð Þ = 100 × liver weight=whole body weightð Þ
Muscle ratio ¼ 100 × fillet muscle weight; gð Þ= whole body weight; gð Þ

Table 1
Formulation and proximate composition of experimental diets.

Ingredient Diets

Basal FOS Bio-MOS® Previda™ GOS

Menhanden fish meal a 35.3 35.3 35.3 35.3 35.3
Soybean meal, dehulled b 29.6 29.6 29.6 29.6 29.6
Dextrin c 17.0 17.0 17.0 17.0 17.0
Menhanden oil a 5.5 5.5 5.5 5.5 5.5
Vitamin premix d 3.0 3.0 3.0 3.0 3.0
Mineral premix e 4.0 4.0 4.0 4.0 4.0
Carboxymethyl cellulose c 2.0 2.0 2.0 2.0 2.0
FOS f 0.0 1.0 0.0 0.0 0.0
Bio-MOS g 0.0 0.0 1.0 0.0 0.0
Previda h 0.0 0.0 0.0 1.0 0.0
GOS i 0.0 0.0 0.0 0.0 1.0
Cellulose c 3.6 2.6 2.6 2.6 2.6
Proximate composition (%) j

Dry matter 83.8 86.1 89.0 88.4 88.5
Crude protein 41.5 41.2 41.6 41.0 42.2
Crude lipid 10.3 10.8 10.1 11.1 10.4
Ash 12.1 12.2 12.4 12.3 12.3

a Omega Protein Corporation, Houston, TX, USA.
b Rangen Inc. Angleton, TX, USA.
c USB Corporation. Cleveland, OH, USA.
d Same as Li and Gatlin (2004).
e MP Biomedicals LLC, OH, USA.
f Inulin, Encore Technologies, Plymouth, MN, USA.
g Bio-MOS, Alltech Inc., Nicholasville, KY, USA.
h Previda, Temple-Inland, Diboll, TX.
i Vivinal GOS, Friesland Foods Domo, Zwolle, The Netherlands.
j Means of two replicate analyses per sample expressed in a dry-matter basis.
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Data from all analyses were evaluated for normality using the
Shapiro–Wilk test (Farrell and Rogers-Stewart, 2006) and no transfor-
mations were necessary. Results were analyzed via one-way analysis of
variance (ANOVA), using Duncan's multiple-range test for mean
separation. Results are presented as mean±pooled S.E. All statistical
analyses were performed using SPSS software 15.0 (SPSS, IL USA).

3. Results

3.1. Growth performance and feed utilization

Juvenile red drum fed the diets supplemented with prebiotics
tended to have better growth performance during the 8-week feeding

trial (Table 2). Fish fed 1% Previda™ had a significantly higher (Pb0.05)
weight gain than fish fed the basal diet and the diet supplemented with
Bio-MOS®; however, therewere no differences amongfish fed FOS, GOS
and Previda™. Feed efficiency and protein efficiency ratio values were
not significantly (PN0.05) affected by the diets supplemented with
prebiotics, although fish fed the basal diet had the lowest numerical
values. Survival of fish during the 8-week trial was lowest for the Bio-
MOS® fed fish (58.3%) and above 80% for all other dietary treatments,
although these differences were not statistically significant (PN0.05).

3.2. HSI, muscle ratio and condition factor

Body condition indiceswere similar amongfish fed thevariousdietary
treatments. Values of HSI ranged from 1.76 to 2.25% of body weight,
without significant (PN0.05) differences among treatments (Table 3).
Muscle ratio and condition factor values also were not significantly
(PN0.05) affected by the dietary prebiotics supplementation.

3.3. Immune response assays

Fish fed the diet containing FOS produced significantly (Pb0.05)
less blood oxidative radicals than fish fed the basal diet and diets
supplemented with Bio-MOS®, Previda™ and GOS (Table 3). Serum
lysozyme activity was significantly (Pb0.05) affected by prebiotic
treatment, with fish fed the basal diet having the lowest lysozyme
activity compared to fish fed the diets supplemented with FOS, Bio-
MOS®, Previda™ and GOS (Table 3).

3.4. Macro and micromorphology of the GI tract

Fold height and enterocyte height in the pyloric caeca, proximal,
mid- and distal intestines were not significantly (PN0.05) affected by
diet, although the greatest dimensions for fold height in the proximal
intestinewere found in fish fed the Bio-MOS® diet (Table 4). Microvilli
heights in pyloric caeca, proximal and mid-intestine were signifi-
cantly (Pb0.05) affected by all the diets supplemented with
prebiotics. However, microvilli height in distal intestine was not
significantly (PN0.05) affected by dietary treatment. Fish fed the basal
diet had lower microvilli height in pyloric caeca, proximal and mid-
intestine compared to fish fed the diets supplemented with FOS, Bio-
MOS®, Previda™ and GOS.

Table 2
Growth, feed utilization and survival of red drum fed the experimental diets for 8 weeks.

Diet Initial weight
(g)

Weight gain
(%)

Survival
(%)

FE PER

Basal 7.1 329.0a 83.1 0.6 1.4
FOS 7.1 424.9bc 80.6 0.6 1.6
Bio-MOS® 7.2 354.9ab 58.3 0.6 1.4
Previda™ 7.2 430.9c 86.1 0.6 1.5
GOS 7.0 408.4bc 80.6 0.6 1.4

ANOVA
PrNF 0.33 0.02 0.27 0.26 0.18
Pooled S.E.* 0.08 21.32 8.43 0.02 0.05

*Significance probability associated with the F statistic. Values in the same column with
different superscript letters are significantly different (Pb0.05).

Table 3
Hepatosomatic index (HSI), muscle ratio, condition factor and non-specific immune
responses of red drum fed the experimental diets for 8 weeks.

Diets HSI (%) Muscle
ratio (%)

Condition
factor (%)

NBT test
(mg ml−1)

Lysozyme
(unit ml−1)

Basal 2.3 20.1 1.1 5.0b 75.8a

FOS 1.8 20.6 1.0 4.4a 100.0b

Bio-MOS® 2.8 18.1 1.1 5.0b 103.3b

Previda™ 2.0 20.8 1.0 5.0b 131.7c

GOS 1.9 20.8 1.0 5.2b 142.5c

ANOVA
PrNF 0.33 0.09 0.94 0.03 0.00
Pooled S.E.* 0.17 0.70 0.05 0.15 5.36

*Significance probability associated with the F statistic. Values in the same column with
different superscript letters are significantly different (Pb0.05).

Table 4
Macromorphology and micromorphology (μm) of the intestine of red drum fed the experimental diets for 8 weeks (data are mean+or–Pooled S.E).

Diets Basal Bio-MOS® FOS Previda™ GOS ANOVA

Pyloric caeca PrNF Pooled S.E.*
Total enterocyte height 36.6 37.5 39.9 37.3 36.5 0.08 1.22
Microvillus height 3.8a 4.1ab 4.4b 4.5b 4.4b 0.02 0.16

Proximal intestine
Fold height 586.4 608.7 562.2 577.8 510.8 0.06 31.45
Total enterocyte height 40.6 37.6 41.1 39.7 37.6 0.07 1.15
Microvillus height 3.3a 3.9b 3.9b 4.3c 4.0bc 0.00 0.11

Mid intestine
Fold height 332.8 407.1 373.3 363.9 304.9 0.09 37.12
Total enterocyte height 34.4 31.5 35.0 32.5 32.0 0.14 1.47
Microvillus height 2.8a 3.7b 3.7b 4.1b 4.0b 0.00 0.21

Distal intestine
Fold height 411.8 402.5 402.8 349.8 347.4 0.28 27.20
Total enterocyte height 35.4 35.6 39.2 35.8 36.4 0.41 1.56
Microvillus height 3.6 3.5 3.7 3.9 3.9 0.37 0.17

*Significance probability associated with the F statistic. Data represent means of 10 independent measurements from each of two fish per aquarium (six per dietary treatment).
Values in the same line with different superscript letters are significantly different (Pb0.05).
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4. Discussion

It is clear from the present study that dietary supplementation of
some prebiotic compounds exerted a positive effect on growth
performance of juvenile red drum, with fish fed the diet supplemented
with Previda™ exhibiting the greatest weight gain. The improved
growth observed in the present study was similar to that reported for
hybrid striped bass (Li and Gatlin, 2004, 2005), rainbow trout (Staykov
et al., 2007; Yilmaz et al., 2007), European sea bass (Torrecillas et al.,
2007), green tiger prawn (Genc et al., 2007a), and juvenilewhite shrimp
(Zhou et al., 2007). However, the effect of prebiotics on growth
performance of aquatic species can be ambiguous because some studies
with fish have not observed positive improvements in growth
performance with dietary supplementation of prebiotics (Pryor et al.,
2003; Mahious et al., 2006; Genc et al., 2007b; Grisdale-Helland et al.,
2008; Salze et al., 2008; Burr et al., 2009).

Numerically greater values for feed efficiency and protein efficiency
ratio were observed in fish fed the diets supplemented with prebiotics.
However, theses valueswere not significantly (PN0.05) different forfish
fed the different prebiotics and the significant variation found within
treatments complicated the interpretation of these data. Similar results
have been obtained with a number of fish species including hybrid
striped bass fed a diet supplemented with the commercial prebiotic
GroBiotic®-A and brewers yeast (Li and Gatlin, 2004, 2005), rainbow
trout fed a MOS-supplemented diet (Staykov et al., 2007), Atlantic
salmon fed FOS, MOS and GOS diets (Grisdale-Helland et al., 2008), and
red drum fed diets supplemented with GroBiotic®-A and inulin (Burr
et al., 2009).

Results on prebiotic research with fish, indicating the improvement
of certain nutritional parameters while diminishing others are not
uncommon. For instance, Burr et al. (2008) found thatwhile GroBiotic®-
A, GOS andMOS improved protein, organicmatter and energy apparent
digestibility coefficients (ADC) of red drum fed diets containing half of
the protein from soybean meal, lipid ADC values were significantly
decreased forfish fed thediets supplementedwith inulin, GOSandMOS.
Similarly, no significant differences in lipid, protein and energy
digestibility were observed in Atlantic salmon fed diets supplemented
with MOS, GOS and inulin (Grisdale-Helland et al., 2008).

It is well-known that fish treated with immunostimulants show
increased immune response parameters (Sakai, 1999). In the present
study, prebiotic supplementation enhanced serum lysozyme activity.
Fish fed the diets supplemented with Previda™ and GOS had a
significantly higher (Pb0.05) plasma lysozyme compared to fish fed
the diets supplementedwith FOS and Bio-MOS®, and the lowest serum
lysozyme was observed in fish fed the basal diet. Hybrid striped bass
fed the yeast-based prebiotic GroBiotic®-A and brewers yeast have
displayed variable lysozyme responseswith GroBiotic®-A and brewers
yeast supplementation (Li and Gatlin, 2003, 2004, 2005). In the
present study, fish fed the diet supplemented with FOS had a
significantly lower (Pb0.05) neutrophil oxidative radical production
compared to fish fed the basal diet and diets supplemented with Bio-
MOS®, Previda™ andGOS. Likewise, blood neutrophil oxidative radical
production in hybrid striped bass correlated positively with dietary
yeast inclusion (Li and Gatlin, 2003, 2004). In contrast, Grisdale-
Helland et al. (2008) reported no significant differences in this non-
specific immune response for Atlantic salmon fed diets supplemented
with MOS, GOS or inulin. Yoshida et al. (1995), indicated that
neutrophil oxidative production in fish fed a diet supplemented with
MOS increased during the first 2 weeks and then decreased back to the
control level after 45 days. Thus, it may be reasonable to suggest that
the magnitude of the immune response in fish fed diets with prebiotic
supplementation may be related to the stimulus duration. Differences
among fish species may also explain these contrasting reports. Further
investigation of potential interactions among dietary strategies,
immune responses and stimulation time in different fish species is
warranted.

Results from the present study indicated that prebiotic-supple-
mented diets enhanced the height of microvilli in red drum. This is in
agreement with the results reporting that MOS-supplemented diets
can increase microvillus height and reduce the occurrence and size of
supranuclear vacuoles in cobia (Salze et al., 2008) and rainbow trout
(Yilmaz et al., 2007). It is well known that microvillus height
positively correlates with nutrient uptake. The improvement of
microvillus morphology may lead to improved apical brush border
integrity, and enhanced ADC for nutrients, thereby improving growth
performance and feed utilization.

This study corroborates the functionality of prebiotic compounds
in the diets of red drum which positively affect growth performance,
immune response and intestinal morphology. Previous studies in this
laboratory have also demonstrated changes in intestinal microbiota of
red drum with dietary supplementation of GroBiotic®-A and MOS
(Burr et al., 2009). Thus, a variety of prebiotics have been shown
beneficial to this species, now including Previda™ which contains
galacto-gluco-mannans from hemicellulose extract.
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