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Short Communication

AMMONIA NITROGEN EXCRETION RATE -
AN INDEX FOR EVALUATING PROTEIN QUALITY
OF THREE FEED FISHES FOR THE BLACK SEA TURBOT
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Abstract

Total ammonia nitrogen excretion rates were measured in young Black Sea turbot (74.79 g avg
wt) reared in brackish water (17 ppt salinity) at 11+0.3°C. Duplicate groups of turbot were fed a
fixed quantity of teleosts, either anchovy (Engraulis encrasicolus), goby (Gobius sp.) or whiting
(Merlangius merlangus). Feeds were offered to the turbot as wet feed. Cumulative ammonia-N
excretion over a 6-hour period was significantly lower (p<0.05) in fish fed goby (3.64+0.27 mg-
N/100 g fish) and whiting (3.83+0.13 mg-N/100 g fish) than that in fish fed anchovy (4.48+0.06
mg-N/100 g fish). The ammonia-N excretion rate in all groups peaked two hours after feeding,
but the peak value in the group fed anchovy was significantly higher (p<0.05) than in the other
two groups. No differences were observed among diets in samples taken 3, 4, 5 and 6 hours
after feeding. Significantly lower excretion levels in the goby and whiting groups could be relat-
ed to the protein quality of these species which may be higher than that of the anchovy for tur-
bot nutrition.

Introduction

The Atlantic turbot (Scopththalmus maximus
L., also called Psette maxima R.) is of great
aquacultural interest in Europe (Person-Le
Ruyet, 1993) and its production has gradually
increased throughout recent years. Due to the
high commercial value of this species, its biol-

ogy and especially its nutritional requirements
have been well studied by many workers
(Dosdat et al., 1995, 1996; Burel et al., 1996;
Person-Le Ruyet et al., 1997; Pichavant et al.,
1998, 2000; Chereguini et al., 2001; Person-
Le Ruyet et al., 2002). However, little informa-
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tion is available (Moteki et al., 2001; Sahin,
2001) on the Black Sea turbot, kalkan
(Scophthalmus maeoticus P., also called
Psetta maeotica), a new candidate for aqua-
culture in Turkey.

Turbot has often been divided into two
subspecies, Psetta maxima maxima and
Psetta maxima maeotica, the latter being
referred to as the Black Sea representative
and an endemic subspecies (Nielsen, 1986).
Both Psetta maxima (Rafinesque, 1810) and
Scophthalmus maximus (Linnaeus, 1758)
refer to the same turbot (Person-Le Ruyet et
al., 1997, 2002). The Black Sea turbot is
known as Psetta maeotica or Scophthalmus
maeoticus (Pallas, 1811; Slastenenko, 1955-
1956).

Studies of protein and amino acid require-
ments of fish are usually conducted for an
experimental period of 8-12 weeks. One rea-
son for this long duration is that statistical dif-
ferences in the commonly measured growth
criteria may not become apparent until late in
the study. Other responses such as feed
intake and feed efficiency are not reliable cri-
teria because of the difficulty in collecting
accurate data (Lovell, 1989). In contrast, nutri-
tional studies on livestock commonly use
experimental periods of 1-4 weeks. Obviously,
reliable data on weight gain, feed intake, and
feed efficiency may not be gathered in such a
short time frame, but metabolite indices such
as plasma urea nitrogen (PUN) have been
used as additional criteria to determine the
dietary requirements for protein and amino
acids (Lewis, 1992). It has been reported in
rats (Eggum, 1970), pigs (Brown and Cline,
1974), and humans (Taylor et al., 1974) that
PUN concentrations increase as the protein
intake increases, but decrease as the protein
quality improves. A direct relation between
protein intake and ammonia excretion was
found in fish (Savitz, 1971; Kaushik, 1980;
Kaushik and Cowey, 1991; Ballestrazzi et al.,
1994; Médale et al.,, 1995; Robaina et al.,
1999). The ammonia excretion rate was sug-
gested as an index for comparing the efficien-
cy of dietary protein utilization among three
strains of rainbow trout (Oncorhynchus
mykiss; Ming, 1985) and in carp (Eid and

Matty, 1989). Ammonia excretion is related to
protein quality in fish diets, as was shown by
Robaina et al. (1995) and Médale et al.
(1998); more ammonia was excreted, as with
PUN in mammals, following consumption of
feeds with low quality protein.

The less protein that is catabolized, the
more nitrogen is accumulated in the fish body,
indicating that the dietary protein is used for
growth, not as an energy source (Yigit, 2001).
Besides the high production costs associated
with inadequate diets, water quality may dete-
riorate due to wasted feed and excretion
through gills and kidneys (Yigit et al., 2002).

The objective of the present study was to
evaluate three protein sources to see which
best meets the nutritional requirements of
young Black Sea turbot. Natural stocks of tur-
bot prey mainly on whiting (Merlangus mer-
langius), goby (Gobius sp.), striped mullet
(Mullus barbatus), anchovy (Engraulis encra-
sicolus), crabs (Carcinus sp.) and brown
shrimp (Crangon crangon; Zengin, 2000).
Three protein sources were chosen for this
study: anchovy, goby and whiting.

Materials and Methods

Forty-eight hatchery-reared young turbot
(74.79 g avg wt), obtained from the Japan
International Cooperation Agency (JICA) and
the Central Fisheries Research Institute
(CFRI) in Trabzon, Turkey, were transported
to the facilities of the Faculty of Fisheries,
University of Ondokuz Mayis in Sinop, Turkey.
The fish were randomly distributed into six
identical 50-I rectangular polypropylene tanks
filled with 45 | water (eight fish per tank with
two replicate tanks per treatment) for adapta-
tion to experimental conditions. In a flow-
through system, sea water (temperature
11+0.3°C, salinity 17 ppt) was supplied to the
tanks at a rate of 0.7 I/min. Each tank was
supplied with an air-stone. Fish were exposed
to a natural light regime (11light/13dark hours)
and fed a commercial diet containing 55%
crude protein, 16% crude lipid, 9% NFE, 21 kJ
gross energy/g feed and 26.19 mg protein/kJ
to satiation once a day for one month.

For the next 12 days (the acclimation peri-
od), fish were fed either anchovy, goby or
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whiting. The feed fish were frozen within two
hours after being caught in the fishing
grounds of Sinop, Turkey (42° N) and kept at
a temperature of -20°C for one day. Following
a thawing period of one hour, the heads and
caudal fins were removed and the remainder
(not gutted) was cut into small identical
pieces. These were again frozen and kept at -
20°C until use. The frozen pieces of fish were
thawed for one hour before feeding. The feed
compositions and their chemical and energy
contents are shown in Table 1. All groups
were fed once a day at 09:00. Since the fish
consumed 1.90% of their weight during a 20
min period, the maximum rate for once-a-day
feeding, this rate was used during the subse-
guent ammonia excretion trial. Feeding was
monitored carefully to ensure even distribution
of the feed among all the fish in the tank.
After the 12 day acclimation period, food
was withheld for three days. On the next day
(the day of the experiment), anchovy, goby or
whiting were given to the treatment groups at
a level of 1.90% of their weight at 09:00.
Feeding was completed within 20 minutes,
then the water in the tanks was replaced with
new water and the incoming water flow was
stopped. Water samples were taken every
hour for six hours and total ammonia (NHa*

and NH3) concentrations were analyzed by the
Nessler method with a HANNA C200 portable
spectrophotometer (HANNA Instruments, Co.,
Italy). The ammonia-N excretion rate was cal-
culated by determining the ammonia produced
in each tank after each sampling using the fol-
lowing formula for a static system: A = [(N2-N1)
X V7]/B/T,.1, where A = ammonia excretion
rate (ug total NH3-N/g wet weight/hour); N1 =
ammonia concentration at time 1 (ug total
NHs-N/ml); N2> = ammonia concentration at
time 2 (ug total NH3-N/ml); V2 = volume of the
medium at time 2 (ml); B = wet weight of the
fish (g) and T,.; = time interval between sam-
plings 1 and 2 (hours).

Results are expressed as meanststandard
deviations. Statistical analyses were conduct-
ed using SPSS 10.0 for Windows. One-way
ANOVA was used for nitrogen intake, ammo-
nia-N excretion rate and the ratio of ammonia-
N excretion to nitrogen intake. Significant
ANOVA findings were followed by a post-hoc
multiple comparison test (Duncan’s hew multi-
ple range test; General Linear Model -
Univariate procedure). Differences were con-
sidered significant at p<0.05. Prior to analysis
by the ANOVA and post-hoc multiple compar-
ison tests, data expressed in percent were arc-
sinus transformed.

Table 1. Proximate composition (% dry basis), gross energy and P:E ratios of the experi-

mental feeds.

Anchovy Goby Whiting
Dry matter 20.12 £0.35 19.51 + 0.14 17.86 £ 0.0
Crude protein 73.84 £0.32 79.11+ 0.44 75.92 £0.52
Crude lipid 10.79 £0.20 7.61 +0.04 7.27 £0.07
Crude ash 11.20 +0.41 10.29 + 1.42 12.01 £0.74
NFE1 417 £0.11 299 +0.94 4.80 £1.33
Gross energy (kJ/g)2 22.40+0.14 22.19+ 0.28 21.60+0.08
Protein to energy ratio (mg/kJ) 32.97 +£0.06 35.66+ 0.25 35.14 £0.37

! Nitrogen free extracts, calculated as 100 - (crude protein + crude lipid + crude ash).

2 Calculated according to 23.6 kJ/g protein, 39.5 kJ/g lipid and 17 kJ/g NFE.
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Results

The nitrogen intakes of turbot fed anchovy,
goby or whiting were 59.61, 63.27 and 55.63
mg N/100 g fish, respectively (Table 2).
There were no significant differences
(p>0.05) between nitrogen intake values.
The total ammonia-N excreted was signifi-
cantly higher in the anchovy group but there
was no significant difference in ammonia-N
excretion between the goby and whiting
groups. The total ammonia-N excreted rela-
tive to the ingested nitrogen was significantly
higher (p<0.05) in turbot fed anchovy
(7.52%) than in fish fed goby (5.75%) while
neither group differed from the group fed
whiting (6.90%).

The ammonia-N excretion patterns for
each treatment during the 6-hour trial are
shown in Fig.1. The amount of ammonia-N
excreted in the first hour was similar in all
groups. Two hours after feeding, the excretion
rate of fish fed anchovy was 2.5 times higher
than the level one hour after feeding, while the
goby and whiting excretion rates after two
hours were twice as high as the one hour
post-feeding levels.

Discussion
As far as we know, this is the first attempt to
study the nutritional aspects of the Black Sea
turbot in relation to nitrogen excretion rates. In
the present study, total ammonia-N excretion

rates were affected by the protein source as
there were significant differences in the hourly
ammonia excretion patterns of the fish fed the
experimental feeds.

The increase of ammonia-N excretion after
feeding (exogenous excretion) is the resultant
energy loss associated with the assimilation
and deamination of dietary protein (Jobling,
1981). It was reported that fish size and feed
consumption are important factors determining
the nitrogen excretion rate in bream, Abramis
brama (Tatrai, 1986) and Japanese flounder,
Paralichthys olivaceus (Kikuchi et al., 1990,
1991, 1992). Cai et al. (1996) did not find a lin-
ear increase in ammonia excretion with the
increasing dietary protein intake in rainbow
trout fed 35%, 40% or 45% dietary protein.
Nitrogen excretion rates were reported to be
directly influenced by nitrogen consumption in
bluegills, Lepomis macrochirus, fed high pro-
tein mealworms (Savitz, 1971), common carp,
Cyprinus  carpio, and rainbow trout,
Oncorhynchus mykiss, fed 55% protein diets
(Kaushik, 1980) and sea bass, Dicentrarchus
labrax, fed diets with 40%, 44% and 49% pro-
tein (Ballestrazzi et al., 1994). It was reported
that the excretion profile in turbot is a function
of the ingested nitrogen and the higher the
level of ingested nitrogen, the more ammonia
is excreted (Dosdat et al., 1995).

In the present study, the same feeding
level was used in all groups to avoid the effect

Table 2. Nitrogen intake, ammonia-N excretion ratio and ratio of ammonia-N excretion to
nitrogen intake in tanks where turbot were fed one of three kinds of fish at 1.90% of their body

weight.
Group Fish Nitrogen Ammonia-N NE/NI*
weight intake excretion (%)
(9) (mg-N/100gfish)  (mg-N/100gfish/6h)
Anchovy 74.19+0.27 59.61+2.66 4.48+0.06a 7.52+0.44a
Goby 74.63+0.88 63.27+3.08 3.64+0.27b 5.75+0.14b
Whiting 75.56+0.97 55.63+4.10 3.83+0.13b 6.90+0.74ab

Values within columns sharing the same letter do not differ significantly (p<0.05).
* NE/NI = (ammonia-N excretion for 6 hours/nitrogen intake) x 100
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Fig. 1. Hourly ammonia-N excretion rate for six hours after feeding turbot either anchovy, goby or whit-
ing. Data are means with standard deviations (n = 2 replicates).

of feed intake on ammonia-N excretion, and
nitrogen intake did not significantly differ
among dietary treatments. Despite the same
level of nitrogen intake, ammonia excretion
levels differed significantly, showing that the
ammonia excretion rates might be affected by
the source of protein (i.e., protein quality) fed
to the fish. The protein utilization improved
and less protein was excreted as ammonia-N
when the fish were fed goby or whiting. This
finding is in agreement with Beamish and
Thomas (1984), Eid and Matty (1989),
Kaushik and Cowey (1991), Forsberg and
Summerfelt (1992), Arzel et al. (1994) and
Ballestrazzi et al. (1994), who also investigat-
ed the effects of the quality of ingested protein
on excretion and reported that the ammonia
excretion as a percent of ingested nitrogen
depends on the composition and quality of the
diet.

In the present study, the maximum excre-
tion rates for all dietary treatments were
observed two hours after feeding. There are
some discrepancies between reported peak
times of ammonia excretion amongst studies.
Dosdat et al. (1995) investigated the influence
of ration size on total ammonia-N excretion in
Atlantic turbot for 24 hours and noticed a peak
about six hours after feeding when the fish
were fed 100% and 84% of the ad libitum
ration. Similarly, Dosdat et al. (1996)
observed a peak for 100 g Atlantic turbot fed
once a day about 5-8 hours after feeding.
Pichavant et al. (2000) also reported a peak
six hours after feed intake. But Burel et al.
(1996) noticed an increase of ammonia excre-
tion in juvenile Atlantic turbot four hours after
food intake and a maximum value eight hours
after feeding at 11°C, and six hours after feed-
ing at 20°C.
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Maximum ammonia excretion rates in
Japanese flounder were reported to occur 3-
6 hours after feeding (Kikuchi et al., 1995),
while Yigit (2001) reported maximum ammo-
nia excretion rates in Japanese flounder 0-2
hours after feeding. The cumulative rates of
ammonia-N excretion six hours after feeding
with goby and whiting in the present study
were lower than the excretion rates reported
by Kikuchi et al. (1995) and Yigit (2001) for
Japanese flounder.

Bromley (1980) reported the best protein
to energy (P:E) ratio for growth in Atlantic tur-
bot as 30-40 mg protein/kJ. For Japanese
flounder, Kikuchi et al. (2000) and Yigit (2001)
reported 28 and 24 mg protein/kJ, respective-
ly. In the present study, the P:E ratios for
anchovy, goby and whiting were 32.97, 35.66
and 35.14 mg protein/kJ , respectively. The
ratios for the goby and whiting (the treatments
with the lower ammonia excretion rates) fell
within the range reported by Bromley (1980)
as being best for Atlantic turbot. These values
are higher than those reported for pelagic fish
species in the water column such as arctic
charr, Salvelinus alpinus (19 mg protein/kJ;
Jobling and Wandsvik, 1983), cod, Gadus
morhua (17 mg protein/kJ; Jobling et al.,
1991) and rainbow trout, Oncorhynchus
mykiss (22 mg protein/kJ; Yigit et al., 2002). It
may be that the higher P:E ratios optimize
growth in flatfish because of their limited abil-
ity to utilize dietary fat.

In conclusion, the rates of ammonia-N
excretion per fish weight for six hours after
feeding differed considerably with the protein
source; the lower excretion levels in the
groups fed goby and whiting indicate signifi-
cantly improved utilization of the ingested pro-
tein and show that the protein quality of goby
and whiting is much higher than that of
anchovy. These findings suggest that using
white fishmeal instead of the currently used
brown fishmeal in diets for turbot may lead to
more effective and less polluting diets.
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