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This study was carried out to evaluate the effect of feeding higher protein feeds with lesser
amount, but feeding the constant total protein input for all treatments, on water quality and
nitrite toxicity in channel catfish ponds.

There was no significant difference in survival rate among treatments (P>0.05). Specific
growth rate (SGR) for Treatment 1(28% protein and 100% of satiation) was significantly
higher (P<0.05) than for Treatment 3 (36% protein and 87.5% of satiation), but not
significantly higher than for Treatment 2 (32% protein and 77.8% of satiation) at constant
digestible energy (DE), 3.08 kcal/g (treatments 1, 2 and 3). At constant DE/P (treatments 4,
2 and 5), no significant difference in SGR was observed among treatments. Feed conversion
ratio (FCR) slightly improved or improved as dietary protein level increased from 28% to 32
% and feed allowance decreased by 12.5%, but did not improve as dietary protein level
increased from 32% to 36% and feed allowance decreased by 22.29%, at constant DE and
constant DE/P.

There was no significant difference in water quality variables, such as total ammonia
nitrogen (TAN), nitrite, chlorophyll a, soluble phosphorous concentrations among treatments,
but significant difference in water quality variables over time as amount of feed fed increased
(P<0.0001). There was a trend toward increase in TAN and nitrite over time. A strong linear
regression was observed between mean total ammonia nitrogen and nitrite for all treatments
Y (Nitrite) =0.04 X (TAN)+0.01, R*=0.89.

Methemoglobin percent in the blood of catifish was not significantly different among
treatments. And its mean value was 7.5%, which was relatively low, so that it was not serious
problem in catfish production pond under these experiment conditions. There was the
stronger linear regression between the percentage of Methemoglobin and the molar ratio of
nitrite to chloride rather than nitrite alone: Y (Methemoglobin %) =>58.45 X (NO*/Cl™)+
041, R*=0.60.

These results indicate that deterioration of water quality has no strong impact on poor
weight gain for 36% dietary protein in this study.
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Introduction

Deterioration of the water quality becomes serious
problem at high stocking density in aquaculture.
Especially, high concentration of ammonia products
and phosphorous in water in ponds have a great
influence not only on raising fish in ponds, but also
on the natural environments when discharged.
Those in water largely come from uneaten feeds or
excretion of fish. Approximately 10 to 20% of
nitrogen and phosphorous in feeds are retained by
the fish and the remainder go into the pond

*To whom correspondence should be addressed.

(Lovell 1990; Boyd and Tucker 1995), which are
adsorbed by mud or consumed by phytoplankton
(Boyd 1990; Gross et al., 1998). Understanding of
nutrients requirements in the feed for fish can help
to reduce wasted feed and to minimize nitrogen
excretion from fish. When fish were fed to satiation,
more feed were likely to be wasted and water
quality were easily deteriorated and resulted in
decrease of production of fish. Li and Lovell (1992
b) reported that when catfish were fed to satiation
with high dietary protein, catfish production
decreased due to the increase of total ammonia
nitrogen and nitrite concentrations in water resulted
in nitrite toxicity, called Methemoglobinemia,
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especially, when the molar ratio of nitrite to chloride
in water was high. Also Tucker et al,(1979) and
Cole and Boyd (1986) showed that high ammonia
concentration in water resulted from high feeding rate
had adversely effect on growth rate of catfish,

The objective of this study was to evaluate the
effect of feeding higher protein feeds with lesser
amount, but feeding the constant total protein input
for all treatments, on water quality and nitrite
toxicity in channel catfish ponds.

Materials and Methods

An average fish weight of 167g of catfish
fingerlings were purchased from a commercial farm
and were stocked in twenty 0.04-ha earthen ponds
at a density of 13,750 fish/ha. A 2-m diameter of
feeding ring made from S5-cm diameter black plastic
pipe with a 20-cm deep plastic net attached around
the perimeter of the ring was placed in each pond
to retain the floating feed. A 0.25-kw lift-type aerator
with time actuated switches (Model AF-53, Air-O-
Lator Co.) was placed in each pond.

Feeds were similar to commercial feeds and
prepared to contain three percentages (28%, 32%, or
36%) of protein (P) at constant and variable
digestible energy (DE) concentrations. One group of
feeds contained a constant DE, 3.08 kcal/g at each
protein percentage. Another group contained 2.70,
3.08, and 3.41 kcal of DE per gram of feed at each
protein percentage so that the digestible energy/
protein (DE/P) would be the same. Table 1 gives
the ingredient and nutrient composition of the
experimental feeds. The feed containing 28%
protein and 3.08 kcal/g DE was the control which
was fed at satiation rate. Approximately 30 minutes
was required for the control fish to finish feeding.
Feed allowance for the control fish was increased
by 10% every 3 to 5 days, based upon observed
feeding activity. The daily allowance of all of the
other feeds was based upon the amount of protein
consumed by the control fish; all treatments
received the same daily protein allowance. Thus, the
fish fed 32% protein received 12.5% less feed than
the control and those fed 36% protein received
22.2% less feed than the control. The low-energy, 28
% protein treatment received the same feed
allowance as the high-energy 28% protein feed,
which was the control. Each treatment was assigned
to four replicate ponds. Feed was supplied between
17:30 and 19:00 daily.

Table 1. Composition of the experimental diets
C ¢ Diets
omponen 2 3 4
Ingredient (%)
Corn 468 363 266 342 176
Soybean meal 383 495 600 399 617
Wheat middlings 50 50 50 50 50
Fish meal 75 68 60 75 60
Catfish oil 10 10 10 0 83
Alfalfa meal 0 0 0 120 0
Dicalcium phosphate 14 14 14 14 14

001 0.01 001 00! 001
001 001 001 001 001
005 0.05 005 0.05 0.05

Trace mineral mix'

Vitamin mix*

Vitamin C, stable®
Nutrient

Crude protein (%) 28 32 36 28 36

Digestible energy (kcal/g diet)* 3.08 3.08 3.08 270 34l

DE/P (kcal/g) 110 96 86 96 95
Total phosphorous (%) 1.03 1.01 091 092 087
' Trace mineral mix provided the following

minerals per kg of feed: Zn, 150 mg; Fe, 44 mg;
Mn, 25 mg; I, 5mg; Cu, 3 mg; Co, 0.05 mg.

Vitamin mix provided all of the following
vitamins in the amounts presented per kg of
feed: retinyl acetate, 4000 IU; vitamin D, 2000
IU; alpha tocopherol acetate, 50 mg; menadione,
10 mg; choline chloride, 500 mg; niacin, 80 mg;
riboflavin, 12 mg; pyridoxine, 10 mg; thiamin, 10
mg; pantothenic acid, 32 mg; folic acid, 2 mg;
vitamin By, 8 g; ethoxyquin (antioxidant), 125

~

w

mg.
Ascorbyl-1-phosphate, contains 15% vitamin C.
Digestible energy was calculated from tabular
values of the feed ingredients (National Research
Council, 1993).

S

Dissolved oxygen (DO) and water temperature
were monitored at 18:30 daily with a YSI-57 oxygen
meter. Aerators were used to maintain dissolved
oxygen at a concentration of no less than 3.0 mg/¢.
During the latter part of the feeding periods,
whenever DO concentration was expected to be low,
the aerators came on at 23:00 by time actuated
switches. At least twice each week, DO
concentration was measured in the early morning.

Criteria measured were weight gain, specific
growth rate (SGR), feed conversion, water quality
and Methemoglobin % induced from nitrite toxicity
in blood of catfish. The following water quality were
monitored every month; total ammonia nitrogen
(TAN), nitrite and chlorophyll a. All analyses were
followed by standard methods for analysis of waste
water (Pechar 1987; Boyd and Tucker 1992; van
Rijn 1993). Methemoglobin was measured by Tietz’s
method (1970) in eight fish from each pond
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immediately after harvesting for possible nitrite
toxicity. »

The mean differences were tested using Duncans
New Multiple range (Duncan 1955). Monthly changes
of water quality variables were tested by using
ANOVA with repeated measurement designs (Cody
and Smith 1991). All statistical analysis was perfor-
med on SAS version 6.11 (SAS Institute, Cary, NC).

Results

The range of temperature for treatment 1, 2, 3, 4
and 5 were 23~347C (mean; 28.7C), 23~34TC (28.7
T), 23~34C (29.0C), 23~35C (28.8C) and 23~34C
(29.1C), respectively.

Table 2 gives survival rate, weight gain, SGR and
feed conversion ratio (FCR). There was no
significant difference in survival rate among
treatments (P>0.05). Mean suvival rates for all
treatments were over 90%. SGR for treatment 1
(28% protein and 100% of satiation) was
significantly higher than for treatment 3 (36%
protein and 778% of satiation), but not
significantly higher than for treatment 2 (32%
protein and 87.5% of satiation) at constant DE
(treatments 1, 2 and 3). At constant DE/P
(treatments 4, 2 and 5), no significant difference in
SGR was observed among treatments. At constant
DE, feed conversion ratio (FCR) slightly improved
as dietary protein level increased from 28% to 32%
and feed allowance decreased from 100% of
satiation to 87.5% of satiation, but did not improve
as dietary protein level increased from 28% to 36%
and feed allowance decreased from 100% of
satiation to 77.8% of satiation. At constant DE/P,
FCR improved as dietary protein level increased
from 28% to 32% increased and feed allowance
decreased by 12.5%, but did not improve as dietary
protein level increased from 28% to 36% and feed
allowance decreased by 22.2%.

Monthly changes in TAN concentration are
shown in Fig. 1. The range for TAN was 0.07~3.45
mg/¢. The concentration of TAN was not
statistically different among treatments (P>0.05).
But there was a trend toward increase in TAN over
time as amount of feed fed increased. The highest
concentration of TAN for all treatments occurred
just before the harvesting. At the end of experiment,
concentration of TAN in pond receiving treatment
3 was highest, 345 mg/¢ and the lowest was 1.89
mg/¢ in pond receiving treatment 4.

Table 2. Means for survival rate (%), weight gain
(g/fish), and SGR of channel catfish fed
expeimental diets containing variable
protein and energy levels in earthen
ponds'

Treatments
1 2 3 4 5

Survival rate (%) 944*  940° 935 910" 8§95
Initial weight (g/fish) 106 106 106 106 106

Final weight (g/fish) 2829 2786 2509 2736 2597
Weight gain (g/fish)  2662* 2619° 2342° 2569* 2430
SGR® 2560 254% 2460 253 248®

Feed conversion ratio  140° 131°  130° 149 133*

'1 pond was excluded because of poor feeding
activity and disease.

? Pooled SE for survival rate,
conversion ratio were 4.7, 0.06
respectively.

* SGR=[(logW-logW,)x100/lengh of period], where
W;: and W, stand for initial and final weight of
fish, respectively.

Different superscript

difference (P<0.05).

SGR and feed
and 0.10,

letters mean significant

Monthly changes in nitrite concentration are
given in Fig. 2. The range for nitrite was 0.01~0.15
mg/f. The concentration of nitrite was not
statistically different among treatments (P>0.05).
But there was a trend toward increase in nitrite over
time as amount of feed fed increased. The highest
concentration of nitrite occurred just before the
harvesting. At the end of experiment, a rapid
increase of nitrite was observed in pond receiving
treatments 1 and 2. The highest nitrite concentration
was 0.15mg/¢ in pond receiving treatment 1 and the
lowest was 0.07 mg/€ in pond receiving treatment 4.

Monthly changes in chlorophyll a are given in Fig.
3. The range for chlorophyll a was 0.01~0.17 mg/¢.
The concentration of chlorophyll a was not statistica-
lly different among treatments (P>0.05). But there
was significant difference in chlorophyll a over time
(P<0.0001). At the end of experiment, chlorophyll a
did not change much, except treatment 2 showing a
dramatical decrease.

Monthly changes in soluble phosphorous concent-
ration are given in Fig. 4. The range for soluble pho-
sphorous was 0.01~0.07 mg/2. The soluble phospho-
rous concentration was not statistically different
among treatments (P>0.05). But there was significant
difference over time (P<0.0001).

The relationship between mean TAN and nitrite
for all treatments at each month during experiment
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Fig. 1. Monthly changes in total ammonia nitrogen (TAN) in ponds receiving diets containing variable
protein and digestible energy levels.
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Fig. 2. Monthly changes in nitrite in ponds receiving diets containing variables protein and digestible
energy levels.

is plotted in Fig. 5. As TAN increased over time due  +0.01, R*=0.89 (P<0.005).

to increase of amount of feed fed, nitrite also Total amount of feed fed, protein and
increased in pond water. The following linear phosphorous fed, ammonia products, chloride
regression was observed; Y (Nitrite) =0.04 X (TAN)  concentration, and the molar ratio of nitrite to
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Fig. 3. Monthly changes in chlorophyll a in ponds receiving diets containing variable protein and
digestible energy levels.

0.08

0.07

0.06
%\, 0.05 —@— Treatment 1
£ —m— Treatment 2
9 —&- - Treatment 3
g 004 —w— Treatment 4
5 --#-- Treatment 5
w
2 003
o

0.02

0.01

0.00

Jun Jut Aug Sep Oct
Month

Fig. 4 Monthly changes in soluble phosphorous in ponds receiving diets containing variable protein and
digestible energy levels.
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chloride in ponds at the end of experiment and
Methemoglobin % in the blood of catfish are
shown in Table 3. Maximum daily feed allowance
for 28, 32 and 36% dietary protein treatments
reached 95.8, 83.8 and 74.5 kg/ha, respectively, at the
end of experiment. Amount of protein and nitrogen
fed was almost same for all treatments as designed.
Amount of phosphorous fed linearly decreased as
dietary protein level increased and feed allowance
decreased. Since phosphorous content for Diet 1

0.14
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0.08 -

0.06 A

Nitrite (mg/1)

0.04

0.02

0.00

0.0 05 1.0 15 2.0 25 3.0

Total ammonia nitrogen (mg/f)

Fig. 5. Relationship of mean total ammonia
nitrogen and nitrite for all treatments
during the experiment; Y (Nitrite) =0.04 X
(Total ammonia nitrogen)+0.01, R>=0.89.

Table 3. Means for protein, nitrogen and phos-
phorous fed in ponds where channel
catfish fed expeimental diets in earthen
ponds' and total ammonia nitrogen
(TAN), nitrite (NO*"), NO*"/Cl” in the
ponds water at the end of experiment and
Methemoglobin percent in the blood of
catfish

Treatments
1 2 3 4 5

48150 43925 38825 47775 39275
13475 14050 13975 13375 14150

Feed fed (kg/ha)
Protein fed (kg/ha)

Nitrogen fed (kg/ha) 2156 2248 2236 2140 2264
Pond TAN (mg/#) 2400 2460 345 189  247°
Pond NO*™ (mg/f) 015 0122 0122 007 013
Pond CI 283 235 257 235 290
NO*/CI” 015 015 0l1* 006 0.12°
Methemoglobin % 107 100° 47 60° 59

' 1 pond was excluded because of poor feeding
activity and disease.

Pooled SE values for TAN, NO*, NO*/Cl~ and
Methemoglobin % are 1.09, 0.04, 0.04 and 3.07,
respectively.

Means in rows with same superscript letter are not
different at P<0.05.

was higher than for Diet 4, total amount phos-
phorous fed during the experiment was greater for
treatment 1 than for treatment 4. The range of
chloride concentration was 2.35~2.90 mg/¢. The
molar ratio of nitrite to chloride for treatment 4 was
the lowest, 0.06, because of low concentration of
nitrite. And the molar ratio of nitrite to chloride for
treatments 1 and 2 were highest and both were 0.15.
The molar ratio of nitrite to chloride for treatments
3 and 5 were 0.11 and 0.12, respectively.
Methemoglobin % was not significantly different
among treatment because of wide variation within
same treatment (P<0.05). The range of Methemog-
lobin % for all treatments was 4.7~10.7%.

Relationship between Methemoglobin % and
the molar ratio of nitrite to chloride or nitrite are
plotted in Fig 6. and 7. There was a stronger
linear regression between Methemoglobin % and
the molar ratio of nitrite to chloride (Fig. 6)
rather than nitrite (Fig. 7) alone; Y (Methemoglo-
bin %)=5845 X (NO*/C1")+0.41, R*=0.60 (P<0.
001), and Y (Methemoglobin %)=3891 X (NO*")
+2.51, R*=0.24.

Discussion

As dietary protein level increased from 28% to
32% and feed allowance decreased from 100% of
satiation to 87.5% of satiation, weight gain was
maintained, but dietary protein level increased from

25
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Methemoglobin %
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NO?% /Cr

Fig. 6. Relationship between  Methemoglobin
percent and the molar ratio of nitrite to
chloride (NO*"/C17) in pond;

Y (Methemoglobin)=58.45 X (NO**/C1™) +
0.41, R*=0.60 (P<0.001).
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Fig. 7. Relationship between Methemoglobin per-
cent and nitrite (NO*”) in pond;
Y (Methemoglobin) =3891 X (NO*)+2.51,
R*=0.24.

28% to 32% and feed allowance decreased from
100% of satiation to 77.8% of satiation, weight gain
reduced (Table 2). As a result, SGR did not reduce
as dietary protein level increased from 28% to 32%
and feed allowance decreased by 12.5%, but did as
dietary protein level increaed from 28% to 36% and
feed allowance decreased by 22.2%. FCR improved
as dietary protein level increased from 28% to 32%
and feed allowance decreased by 12.5%, but did not
improve as dietary protein level increased from 28 %
to 36% and feed allowance decreased by 22.2%.

Generally speaking, when fish were fed to
satiation, more feed were likely to be wasted and
water quality were easily deteriorated and resulted
in decrease of production of fish. Effects of protein
levels in feeds and feed allowance on fish growth
and possible water quality deterioration were
reported (Li and Lovell 1992a; Li and Lovell 1992
b). Unlike above studies, in this experiment, when
fish were fed to less than satiation, water quality
variables (TAN, nitrite, chlorophyll a) in treatments
2, 3 and 5 were not improved than treatments 1 and
4 received satiation feeding. This is probably
because of constant protein input for all treatments.
But for all treatments, there was a trend toward
increase in TAN and nitrite over time as amount of
feed fed increased.

Amount of phosphorous fed linerly decreased as
feed allowance decreased (Table 3), but there was
no significant difference among treatments. The
reason there was no significant increase in soluble
phosphorous in the ponds where received 100% of

satiation feeding is because the pod mud was able
to absorb the phosphorous from the water and
phytoplankton was abgle to use it (Maskey and
Boyd 1986; Boyd 1990; Gross et al, 1998).

As feeding rate increased, water quality variables,
such as chlorophyll a, chemical oxygen demand,
carbon dioxide and TAN increased (Tucker et al.,
1979; Cole and Boyd 1986), and therefore, fish
production decreased at over feeding rate of 112 kg
/ha/day. High concentration in ammonia had
adversely effect on growth rate of catfish. Ammonia
is the end-product of protein metabolism in fish
and is excreted through gills. High ammonia
concentration in the water caused degenerative
tissue damage to gills and kidney in rainbow trout
and cutthroat trout (Smart 1976; Thurston et al., 19
78), and increases in oxygen consumption,
respiratory rate, and heart rate (Smart 1978). Also
Colt (1978) observed reduction of catfish growth
due to high ammonia concentration in water. The
concentrations of un-ionized ammonia, 0.048 g/#
caused reduction of growth for catfish fingerling
and no growth occurred at 0.967 g/£.

The primary toxic effect of nitrite is the formation
of Methemoglobin, which is unable to transport
oxygen, causing brown blood disease (Lovell 1979).
Palachek and Tomasso (1984) showed that channel
catfish was the least resistant to nitrite among three
species of fish (channel catfish, tilapia, largemouth
bass) under similar water quality conditions and
Methemoglobin for channel catfish was significantly
higher than that for other fish at variably tested
nitrite concentrations. Also Hanson (1983) reported
that channel catfish exposed to a certain
concentration of nitrite easily infected with bacterial
disease and caused high mortality.

In this study, the maximum amount of feed
allowance for 36% dietary protein (treatments 3 and
5) reached 74.5kg/ha at the end of experiment,
which were lower than in Li and Lovell (1992b)’s
study. Thus, nitrite concentration in pond was
relatively low and it resulted in low value of the
molar ratio of nitrite to chloride (NO*/C17). The
ratio of NO**/Cl"~ for all treatments was lower than
0.20. And low value of Methemoglobin % for all
treatments : was observed and there was no
significant difference among treatments because of
wide variation within the same treatment. Mean of
Methemoglobin % for all treatments was 7.5 %
268% (s.d.). Therefore, nitrite toxicity was not
seriously concerned in this study.
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The formation of Methemoglobin % in the blood
of catfish was proportional to the molar ratio of
nitrite to chloride rather than nitrite alone. This is
consistent with other researches (Schwedler and
Tucker 1983; Tucker and Schwedler 1983; Li and
Lovell 1992b). Tucker et al, (1989) reported that
nitrite toxicity of channel catfish exposed to
different levels of nitrite for a long period of time
up to 21 days in tanks. Channel catfish exposed to
092 mg/¢ nitrite concentration (nitrite:chloride=
0.12) did not become anemic because of less than
20% of methemoglobin and developed only mild
Methemoglobinemia. Bower et al., (1983) proposed
that establishing a CI":NO?* ratio of 3:1 in the
pond and maintaining dissolved oxygen level over
5mg/¢ be effective to prevent Methemoglobinemia
for catfish based on short-term test in aquarium.
Methemoglobinemia is less of a problem in water
with high hardness and alkalinity. Also, nitrite
toxicity is not concerned in marine fish as much as
freshwater fish because of high concentrations of
chloride in water (Scaramo et al., 1984).

These results indicate that the reduction of
growth for channel catfish fed on 36% protein diets
not result from deterioration of water quality or
nitrite toxicity.
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