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Abstract. The aim of the present study was to test the
hypothesis that predigesting commercial dry diets for fish with
hydrochloric acid (HCI) can contribute to the reduction of the
incidence of body deformities in a stomachless cyprinid
species intensively reared under controlled conditions. Two
different dry diets (Carpco Crumble by Coppens International
and Aller Futura by Aller Aqua), their respective variants
modified with HCl, and frozen larval chironomids (control
diet) were fed as sole food sources to juvenile Carassius
carassius in a recirculating aquaculture system at 25°C for 60
days. At the end of the experiment, visible body deformities
occurred exclusively in the groups fed dry diets. The shares of
deformities were significantly lower in fish groups fed the
modified diets (6.1-13.2%) as compared to those fed the
original ones (74.0-87.0%). Fish in the latter groups had
significantly the highest condition factor values, which
indicated a possible phosphorus deficiency. As evidenced by
our results, predigesting commercial dry diets with HCI can
be a useful method to mitigate the problem of body
deformities occurring in intensively fed cyprinid species.
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Introduction

Body deformities are rare among wild fish. However,
the presence of these anomalies in farmed teleosts is
a persistent problem in aquaculture worldwide that
has economic, biological, and animal welfare impli-
cations (Boglione et al. 2013a). The problem of body
deformities in fish is complex, because they can be
caused by numerous factors (Boglione et al. 2013b,
Eissa et al. 2021). In farmed fish they are often asso-
ciated with nutritional factors. However, susceptibil-
ity to body deformities induced by the same diet can
be considerably different even among closely related
species (Sikorska 2013).

Phosphorus deficiency is a nutritional factor that
commonly causes body deformities in finfish
aquaculture (Sugiura et al. 2004). In farmed fish,
symptoms of phosphorus deficiency, including poor
bone mineralization and bone malformations, are de-
scribed in a variety of species (Ogino and Takeda
1976, 1978, Watanabe et al. 1980, Brown et al.
1993, Hardy et al.1993). Stomachless fish are more
susceptible to phosphorus deficiency in aquaculture
compared to fish with stomachs because they are less
able to utilize phosphorus from fish meal, which is
the major source of phosphorus in the vast majority
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of fish diets (Ogino et al. 1979). This difference prob-
ably originates from the lack of acidic digestion in the
former (Ogino et al. 1979, Satoh 1991, Kaushik
1995). Acidic treatment of dry diets proved to be
a simple, inexpensive method to improve dietary
phosphorus availability for both stomachless fish
and fish with stomachs (Vielma and Lall 1997,
Sugiura et al. 2006, Hossain et al. 2007). However, it
remains unclear whether this treatment can protect
fish from body deformities.

The purpose of the present study was to test the
hypothesis that the acidic predigestion of commercial
dry diets with hydrochloric acid can decrease the in-
cidence of body deformities in juvenile crucian carp,
Carassius carassius (L.), a stomachless cyprinid fish
that is considerably susceptible to body deformities.

Material and methods

Fish

Juvenile C. carassius individuals at the age of 5
months after hatching were used as experimental
fish in the 60-day experiment. The fish were ob-
tained from a commercial hatchery as larvae 4 days
post hatch. They were reared for 5 months under
controlled conditions in the laboratory of the Inland
Fisheries Institute in Zabieniec at 22-25°C. For the
initial 3 weeks of their exogenous feeding, the larvae
received Artemia sp. nauplii, and frozen larval
Chironomidae were used later on. At the beginning
of the experiment juvenile C. carassius had a mean

total length (TL) of 31.8 mm and a mean body weight
(BW) of 0.38 g (Table 1).

Experimental groups

There were five treatment groups in triplicate. Each
of them was fed a different diet: group N - natural
feed of frozen larval Chironomidae; group CO - origi-
nal commercial dry feed Carpco Crumble by
Coppens International; group FO - original commer-
cial dry feed Aller Futura by Aller Aqua; groups CM
and FM - respective dry feeds modified with the hy-
drochloric acid treatment. The proximate composi-
tion of the basal diets is shown in Table 2. The fish
were fed manually with equal portions of food 5
times daily from 08:00 to 20:00.

Treatment of dry diets

Hydrochloric acid (HCl) was chosen for the experi-
mental treatment of the dry diets for the following
reasons: 1) it is naturally secreted by fishes with
functional stomachs; 2) it is used widely in the food
industry; 3) it is relatively inexpensive.

The dry feeds were sprayed with 100 ml of dis-
tilled water in the control groups (CO and FO) or the
same volume of a food grade hydrochloric acid water
solution containing 15.1 g of the active agent (groups
CM and FM) per 1 kg of feed. The feeds were then
thoroughly stirred and dried for about 48 hours at
40°C, until the weight of the dried feeds was approxi-
mately 1.000 g for groups CO and FO and 1.015 g for
groups CM and FM. This treatment allowed the feed
to reach its initial moisture content and the final

Table 1

Initial characteristics for experimental fish, stocking density, and feeding
Parameter Mean += SD
Initial mean total length (mm) 31.8+1.5
Initial mean body weight (g) 0.38 = 0.05
Initial condition factor K 1.18 = 0.08
Initial stocking density (fish 1_1) 1.25

Initial feeding ration (% of fish biomass d'l)
Final feeding ration (% of fish biomass d’l)

larvae of Chironomidae 50.0; dry diets 5.0
larvae of Chironomidae 24.0; dry diets 1.9
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Table 2
Proximate composition of basal experimental diets

Fish diet Larvae of Chironomidae Carpco Crumble (Coppens Int.) Aller Futura (Aller Aqua)
Total P content (%) 0.16 1.8 1.21

Total lipids (%) 0.76 15.0 12.0

Crude protein (%) 9.18 56.0 64.0

Fibre (%) - 1.4 0.5

Caloric value (kJ gfl) 3.22 16.7 20.8

All data on wet weight basis

supplement of HCI was about 1.5% of the fresh diet
weight. The prepared feeds were stored under refrig-
eration throughout the experiment.

Experimental procedures and conditions

Fifty fish were stocked into 15 20-1 flow-through
(0.2-0.3 I min™") glass aquaria that were incorporated
in a recirculating aquaculture system (RAS). The
aquaria were illuminated by fluorescent tubes be-
tween 08:00 and 21:00 at an intensity of about 700 Ix
at the water surface. Water temperature and oxygen
content were measured twice daily. The water temper-
ature was 25°C (range * 0.5). Oxygen content in the
water was always maintained above 60% saturation.
The ammonia and nitrite contents in the water and its
pH were monitored weekly. The values of these pa-
rameters did not exceed 0.2 mg 1 and 0.02 mg 1!, re-
spectively, and the water pH ranged from 7.8 to 8.3.

All the fish were counted and measured individ-
ually for body weight (BW) and total length (TL).
They were also examined for body deformities
(scoliosis, kyphosis, lordosis, skull deformities) at the
termination of the experiment.

Statistical analyses

Statistical analyses were performed with Statistica 8
(StatSoft Inc., USA). The percentages of fish with visi-
ble deformities were normalized with the arcsine
square root transformation and compared as a de-
pendent variable. The normality of distribution was
tested with the Shapiro-Wilk test, while the homoge-
neity of variance was tested with Levene’s test. The
statistical differences were tested with ANOVA, fol-
lowed by Tukey’s HSD test at P < 0.05.

Results

No mortality occurred during the experiment. Body
deformities were recorded in all the groups fed the
original and acid-treated dry diets (Figs. 1 and 2).
The highest shares of fish with deformities were re-
corded in those fed the original dry diets at 74% and
87% in groups CO and FO. In groups CM and FM,
which were fed the modified diets, the respective val-
ues were 13% and 6%.

The lowest final mean values for TL and BW
were noted in group N (Table 3). No significant dif-
ference was found for mean TL values in any of the

Table 3

Final fish characteristics for total length (TL), body weight (BW), and condition factor K

Group N CcO CM FO FM

TL (mm) 56.6 + 2.2 58.5 + 4.4% 58.0 = 5.4%P 58.9 + 4.3% 59.4 + 5.8
BW (g) 2.83 + 0.37° 3.54 + 0.98% 3.19 + 0.97"° 3.61 + 1.00% 3.31 + 0.97%°
K 1.55 + 0.08" 1.71 = 0.10% 1.57 £ 0.10° 1.72 + 0.10% 1.53 + 0.09"

Values are means + SD. Values in a row not sharing a letter are statistically different (Tukey’s HSD test, p < 0.05).
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Figure 1. Juvenile C. carassius individuals fed different diets: a)
chironomid larvae; b) acid-predigested Aller Futura dry diet (no
visible body deformities), c) original Aller Futura dry diet (numer-
ous visible body deformities).

groups fed the original or modified dry diets. The
highest final mean BW values were noted in groups
CO, FO, and FM, and they ranged from 3.31 to 3.61
g. The highest mean condition factor K values of
1.71-1.72 were recorded in fish from groups CO and
FO, whereas in the remaining groups values for K
were significantly lower at 1.53-1.57.

Discussion

The use of acids and their salts as fish diet acidifiers
has a long history in aquaculture. Most often diet
acidification results in better fish growth, better food
utilization, and increased disease resistance (reviews
Liickstddt 2008a, 2008b). While the mechanisms of
these effects remain unclear, in many cases higher
stomach enzyme activity and the increased availabil-
ity of energy carried by organic acids were identified
as possible factors. However, these explanations
were not entirely suited to stomachless fish, such as
cyprinids. In these fish, food is naturally digested at
semi-neutral pH values or even in a slightly alkaline
environment. Since C. carassius food is digested at
a pH range of 6.50-7.61 (Solovyev et al. 2018), acidi-
fying diets for this species might not increase enzyme
activity.

Acidifying dry feeds is also hypothesized to be ef-
fective in improving of the availability of minerals
contained in fish meal (Sugiura et al. 1998). Fish
meal is often a P-rich, major ingredient of commer-
cial feeds for these animals that contains high
amounts of P bound in secondary and tertiary cal-
cium phosphates, which is poorly absorbed by
stomachless cyprinid fish species (Ogino et al. 1979).
In contrast to calcium (Ca) and magnesium (Mg), di-
etary P is the main source of this macromineral for
fishes (Lall 2002). Therefore, the low availability of
dietary P can cause deficiencies of this element in
fishes. Long term P deficiency in fishes can, in turn,
induce body deformities.

In numerous feeding trials lasting 60 days or lon-
ger, high shares of body deformities were detected in
cyprinid fish species prone to deformities that were
fed intensively with commercial diets under con-
trolled conditions (Myszkowski et al. 2002, Wolnicki
2005, Kamler et al. 2006, 2008, Gonzalez-Rodriguez
et al. 2014, Kaminski et al. 2017). Likewise, in the
current 60-day experiment, very high shares of fish
with visible deformities were found in both groups
fed the original dry diets (74.0 and 87.0%). However,
predigesting these diets with HCl resulted in
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Figure 2. Final share of C. carassius juveniles with visible body deformities in groups fed different diets for 60 days (N - chironomid lar-
vae, CO - original Carpco Crumble by Coppens Int., CM - Carpco Crumble diet predigested with HC, FO - original Aller Futura diet by

Aller Denmark, FM - Aller Futura diet predigested with HCI).

substantially lower incidences of body deformities
(Fig. 2).

In the present study, the acidic predigestion of
dry diets did not have a significant influence on fish
growth, but there was a notable tendency for lower
body weights in fish fed the predigested diets with
acid as compared to those fed the respective original
diets (Table 3). Pronounced differences in the final
values of condition factor K were determined be-
tween the highest mean values found in groups fed
original dry diets (1.71-1.72) and groups fed natural
food or modified diets (1.53-1.55). In numerous fish
species, including C. carassius, high values of K were
a symptom of the excessive accumulation of lipids
and general deficiency of macrominerals
(Myszkowski et al. 2002, Helland et al. 2005, Kamler
et al. 2006; Baeverfjord et al. 2008). High K values
can also indicate phosphorus deficiency in fishes
(Sugiura et al. 2004). Therefore, the low values of
factor K should be considered a positive result of
feeding fish the modified dry diets. This seemed to
indicate that predigesting dry diets with HCI resulted

in increased dietary phosphorus availability to the
fish and, in turn, to subsequent decrease in the inci-
dence of fish deformities. This finding contrasts with
results obtained for cyprinid goldfish (C. auratus),
where supplementing the dry diet with 5% citric acid
resulted in reduced feed intake and decreased values
of the apparent availability of phosphorus (Sugiura et
al. 1998). Therefore, further research is needed to
better understand how different organic and inor-
ganic acids influence the bioavailability of dietary P
for cyprinid fishes.
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