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Abstract A set of feeding trials was carried out to assess the potential use of gut weed (GW) Ulva
intestinalis as a direct food to replace commercial feed (CF) in an alternative approach for feeding Spotted scat
(Scatophagus argus), Red tilapia (Oreochromis niloticus), and Giant gourami (Osphronemus goramy) juveniles for 60, 45, and 56 days, respectively. Four feeding regimes were assigned to triplicate tanks. The
different groups were fed CF every day, GW every day, and one day of CF followed by one (1CF_1GW) or
two (1CF_2GW) days of GW, respectively. The results indicated that growth performance of the S. argus fed
on single GW was not significantly different from the control group but the performance of O. niloticus and O.
goramy in the alternative feeding treatments were comparable to the control. The feed conversion ratio could
be reduced by 26.1–57.8 % in the combined feeding regimes to control will minimize the production cost of
fish. Water quality in terms of NO2 and NH4/NH3 in the rearing tanks was better in the combined feeding than
in the single CF. These results indicated that GW can be used as a food to partially substitute CF for
herbivorous fish.
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Background
Gut weed (GW) Ulva intestinalis (Linnaeus) a macroalga distributed in a wide variety of environments from
freshwater to seawater including ocean coast, brackish waters, and inland freshwater all over the world (Ergun
et al. 2009; Siddik et al. 2014a). It has high nutritional values such as 9–14 % protein, 2.0–3.6 % lipids, and
32–36 % ash on a dry weight basis. In addition, the n-3 and n-6 fatty acids pose 10.4 and 10.9/100 g of the
total fatty acids. It is also rich in essential amino acids, pigments, and minerals (Haroon et al. 2000; AguileraMorales et al. 2005; Shanmugan and Palpandi 2010). It can therefore be used as an ingredient in diets or as
direct feed for fish/shrimp and for integrated aquaculture system (FAO 2011). Macroalgae have been reported
in several studies as a booster for keeping water quality better in intensive culture of fish (Valente et al. 2006;
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Ergun et al. 2009; Siddik et al. 2014a). Since tropical fish are generally sensitive to poor water quality and a
large number of fish is kept in a small tank during the culture period, the water quality should be given prime
importance for keeping fish in tranquil. Using GW as food for fish can play a dual role to maintain good
condition of water for better production in one hand and on the other hand, its incorporation may reduce feed
cost for the fish production (Anh et al. 2012).
The long-term sustainability of aquaculture may be threatened by its present over-dependence on fish meal and
fish oil (FAO 2011). Moreover, fish feeding represents over 50 % of operating costs in intensive aquaculture, with
protein being the most expensive dietary source (Aguilera-Morales et al. 2005; Ergun et al. 2009). An intensive
effort during the last decades has been made in order to evaluate the potential of alternative protein sources in
aquaculture (El-Sayed 1999; Rad et al. 2013). Several studies have been conducted to evaluate the replacement of
fish meal by plant ingredients in diets of European sea bass and Tilapia (Valente et al. 2006; Pereira et al. 2012;
Kaushik et al. 2004). However, research data about the potential use of macroalgae in herbivorous fish diets is
scarce (El-Sayed, 1999; Pereira et al. 2012). Therefore, the aim of this study was to assess the effect of commercial
feed (CF) replacement with GW as direct feed on water quality, growth, and feeding efficiency of the herbivorous
fishes like Spotted scat (Scatophagus argus), Red tilapia (Oreochromis niloticus), and Giant gourami (Osphronemus goramy). This work could encourage farmers using local availability of GW as food source for fish, and it
could contribute to reduce feed costs and provide more profits for farmers.

Materials and methods
Experimental design
Three separate experiments were performed in the experimental hatchery complex of the College of Aquaculture and Fisheries, Can Tho University, Vietnam in the period from January to September, 2012. The fresh
and dried GWs were used as a direct feed to replace CF in alternative regimes for feeding S. argus, O.
niloticus, and O. goramy juveniles for 60, 45, and 56 days, respectively.
Four feeding regimes were assigned to triplicate tanks. The different groups were fed CF every day, GW
every day (GW), and one day of CF followed by one (1CF_1GW) or two (1CF_2GW) days of GW,
respectively.
Experiential diets
Fresh GW U. intestinalis was collected from the extensive farm of Bac Lieu province, Vietnam and cleaned
with 5 g/L saline water to maintain the quality. Dried GW was obtained by air drying a thin layer of biomass
until reaching a moisture content of 12–14 %. Both fresh and dried GWs were cut with scissors into small
pieces (±2 mm) for feeding the fish. The CF (GROBEST-GB640) used in this study had the crude protein
C30 %, lipid C6 %, ash C14 %, fiber C6 %, and moisture C11 % (information from manufacturer). Proximate composition (% of dry matter) of GW was analyzed by the standard methods of AOAC (2005), giving a
protein content of 12.7 ± 2.6 %, a lipid content of 2.4 ± 0.2 %, an ash content of 32.4 ± 7.6, a fiber content
of 4.5 ± 1.1 %, and a carbohydrate content of 47.9 ± 6.7 %.
Culture system
The 100-L plastic tanks were filled with 80 L water with salinity of 5 g/L for S. argus and with freshwater for
O. niloticus and O. goramy. 30 fish were introduced in each tank, provided with continuous aeration and were
fed to satiation twice a day at 8:00 a.m. and 4:00 pm. Uneaten feed was collected after 1.5 h of feeding. The
water exchange rate was approximately 50 % of the tank volume every third day.
Data collection
Water temperature, dissolved oxygen, and pH were recorded twice a day at 7:00 and 14:00 h. Temperature
and pH were determined using a thermo pH meter (YSI 60 Model, HANNA instruments, Mauritius). The
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dissolved oxygen (DO) was determined using a DO meter (YSI, Model-58, USA), and the concentrations of
NO2 and NH4/NH3 (TAN) were determined weekly using DREL/2 HACH kits (HACH Co., Loveland, CO,
USA). For the estimation of growth performance of fishes, weights were recorded and average growth
calculated throughout the experimental period. Samples for this purpose were collected at the beginning and
end of the study, along with every 14th or 15th day of the experimental period. Specific growth rate (SGR),
feed conversion ratio (FCR), and survival rate were calculated using the following equations:
SGR (%/day) = (Final weight-Initial weight)/culture period 9 100.
Survival (%) = Final number of fish/Initial number of fish 9 100.
FCR = Feed intake (dry weight)/Weight gain (wet weight).
Statistical analysis
Statistical analysis of all measured variables was performed using SPSS for windows, Version 14.0. Variations
of dietary treatments were compared by one-way ANOVA. The Tukey HSD post hoc analysis was used to
detect differences between means.

Results and discussion
Water quality parameters
Daily water temperature, dissolved oxygen, and pH over three experiments fluctuated in the ranges of
26.5–30.2 °C, 4.90–5.66 mg/L, and 7.1–8.3, respectively. These factors were generally within the suitable
range for tropical fish growth (Boyd 2003; Siddik et al. 2014b; Ahsan et al. 2013). However, the mean
concentrations of dissolved inorganic nitrogen such as NO2 and TAN ranged from 0.04 to 1.85 mg/L and
0.02–0.97 mg/L, respectively. These values were highest at the end of the experiment and higher in the control
treatment (commercial feed) compared to other treatments (Fig. 1).
The results showed that feeding treatments had significant effects on water quality. The mean concentration
of NO2 and TAN tended to increase during the culture period in all groups. The highest concentrations of NO2
(1.5 mg/L) and TAN (0.90 mg/L) were observed in the control group, followed by the 1CF_1GW and the
1CF_2GW groups. The lowest values (NO2 of 0.33 mg/L and TAN of 0.28 mg/L, respectively) were found in
the group fed only GW. This indicates that the water quality is much better in the rearing tanks with GW than
in the tanks with only CF. Hence, the concentration of N-nutrients in the culture tanks was increased with
regard to the amount of pellet feeds used, which could be reduced by water exchange. For aquaculture
production, suitable level of NO2 and TAN for aquatic animals should be less than 0.5 and 0.2–2 mg/L,
respectively (Rahman et al. 2008; Zhao et al. 2014). However, in the present study, because of the relatively
high rate of water exchange (about 50 % of volume for every 3 days interval), these parameters might not be
harmful to the experimental fish.
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Fig. 1 Variation in the mean concentrations of NO2 and TAN during experimental period
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Survival rate
The survival rates of the experimental fishes were not significantly different among treatments, varying in the
ranges of 88.3–93.3, 82.7–85.3, and 93.3–100 % for Spotted scat, Red tilapia, and Giant gourami, respectively
(Table 1). Similar findings have been reported where utilization of seaweeds as fish feed did not affect
survival rate of experimental fishes (Swain and Padhi 2011; Guroy et al. 2011).
Growth performance
There was high variability in the final weight and SGR of experimental fish in the different treatments
(Table 1).
For the Spotted scat, alternate feeding 1CF_1GW and 1CF-2GW resulted in significantly higher growth
compared to the control (commercial feed) and the group fed solely GW. However, fish fed on only GW had
similar growth to the control group. This could be related to fish feeding habit of the species. Gandhi (2002)
studied on the food and feeding habits of Spotted scat, and indicated that GW dominated the gut contents in
fishes of size above 50–100 mm in total length. On the other hand, better water quality in the group received
solely GW may also support the fish growth (Siddik et al. 2014a). For Red tilapia, growth of fish receiving
alternate feeding regimes of CF and GW (1CF_1GW and 1CF_2GW) was also comparable to the control
group, while the lowest growth rates were observed in the group fed single GW which was significantly
different from other treatments.
Growth performances of Giant gourami followed similar pattern as observed for the red tilapia. Growth rate
of the fish fed 1CF_1GW was equivalent to those receiving solely CF. When fish received 1CF_2GW, their
growth was significantly lower than the control and the 1CF_1GW treatments. Fish fed only on GW showed
the lowest growth compared to other treatments. In Vietnam, herbivorous fish are preferred in household-scale
Table 1 Growth, survival rate, and food conversion ratio (dry weight) of three herbivorous fishes in four different feeding
regimes (mean values ± SD)
Parameters

Final weight (g)

SGR (% day-1)

Survival (%)

FCR

CF reduced to control (%)

Commercial
feed

Gut weed

–

Spotted scat (S. argus) reared for 60 days
CF
(control)

9.66 ± 2.27c

2.66 ± 0.42b

93.3 ± 6.7

2.07 ± 0.17

1CF-1GW

8.13 ± 2.06a

2.36 ± 0.46a

86.7 ± 3.3

1.53 ± 0.04

0.97 ± 0.06

-26.1

a

1.18 ± 0.14

1.46 ± 0.04

-43.0

2.82 ± 0.03

-100

ab

1CF-2GW

8.26 ± 1.89

2.40 ± 0.38

88.9 ± 1.9

GW

9.03 ± 1.35bc

2.58 ± 0.26b

88.3 ± 7.1

–

–

Red tilapia (O. niloticus) reared for 45 days
CF
(control)

10.76 ± 2.33b

2.31 ± 0.51b

84.0 ± 0.0

1.56 ± 0.12

1CF-1GW

10.63 ± 2.59b

2.28 ± 0.51b

82.7 ± 2.3

1.05 ± 0.17

0.27 ± 0.28

-32.7

1CF-2GW

b

2.20 ± 0.48b

85.3 ± 2.3

0.87 ± 0.09

0.41 ± 0.05

-44.2

7.10 ± 1.29a

1.40 ± 0.40a

84.0 ± 4.0

2.47 ± 0.35

-100

GW

10.25 ± 2.13

–

–

–

Giant gourami (O. goramy) reared for 56 days
CF
(control)

6.10 ± 0.88c

1.74 ± 0.26c

1CF-1GW

5.97 ± 0.83c

1.71 ± 0.26c

100 ± 0.0

1.03 ± 0.07

0.95 ± 0.06

-48.2

1CF-2GW

b

5.28 ± 0.86

1.48 ± 0.28b

93.3 ± 2.9

0.84 ± 0.06

1.41 ± 0.04

-57.8

GW

4.60 ± 0.70a

1.24 ± 0.27a

95.0 ± 5.0

3.29 ± 0.12

-100

98.3 ± 2.9

1.99 ± 0.27

–

–

–

Values are mean ± standard deviation. Mean values in each column bearing different superscripts are significantly different
(P \ 0.05). Average initial weights of experimental fishes were 1.90 ± 0.19, 3.72 ± 0.34, and 2.27 ± 0.22 g for the Spotted scat,
Red tilapia, and Giant gourami, respectively
CF commercial feed, FGW fresh gut weed, DGW dried gut weed
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culture systems that primarily produce fish for home or local consumption (Anh et al. 2012; Siddik et al.
2014a). In particular Spotted scat, Red tilapia, Giant gourami, and other species are fed on aquatic plants,
macroalgae, and grass, which are abundant in the Mekong delta. However, a combination of natural food
(macroalgae, aquatic plants) with pellet feed can reduce the production cycle (Ergun et al. 2009; Guroy et al.
2013).
Feed conversion ratio
Since fresh GW is not available all the year round, dried GW was obtained by air drying of biomass till
reaching a moisture content of 12–14 % for using as fish diet. In the present study, the highest FCR was
observed in the fish fed on single CF in three fish species. With respect to the use of GW as single feed, FCRs
of GW were much higher (2.47–3.29) than using solely CF (1.56–2.07). This could be due to different
proximate composition between CF and GW as CF contains C30 % crude protein and C6 % lipid, while GW
had average crude protein and lipid of 12.7 and 2.4 %, respectively. However, when combined feeding of CF
and fresh or dried GW were applied, the FCR of CF was considerably reduced in all species. The reduction
was from 26.1 to 43.0 % in Spotted scat, from 32.7 to 44.2 % in Red tilapia, and from 48.2 to 57.8 % in Giant
gourami, respectively. This approach could help farmers reduce the feed cost and enhance profit.

Conclusions
The findings of this study confirmed that GW may be combined with CF in order to reduce the feed costs and
improve the water quality in the culture system. This result also may encourage feed manufacturers and fish
farmers generating low-cost aquafeed production.
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