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Abstract

The supply of food for the world population that is increasing is one of the concerns of governments. The Food and Agri-
culture Organization of the United Nations assessment shows that the aquaculture industry could help meet food needs for
human communities. The aquaculture industry also relies on providing a feed of high quality. Minerals are one essential
component of an aquatic diet. Chromium (Cr) is a trace element that finds the form of Cr*3 (trivalent) and Cr*® (hexavalent)
in nature and food items. Studies show that exposure to Cr waterborne have toxicity effects on fish. However, oral exposure
to Cr has a different impact on fish. Cr is usually involved in the metabolism of fats, carbohydrates, proteins, growth function,
enzyme functions, etc. This element could play a significant role in fish nutrition and physiology. Cr as a dietary supplement
can improve growth performance and adjust the metabolism of carbohydrates and lipids. However, high concentrations of Cr
can be toxic to fish. Although the physiological effects of Cr on aquatic organisms are well known, there are still ambiguities
in determining the appropriate concentration in the diet of some species. Maybe, the physiological response of fish depends
on the concentration, origin, and chemical composition of Cr, as well as the biological and individual characteristics of the
fish. Therefore, it is necessary to estimate the appropriate concentration of Cr in fish diets. This article aims to summarize the
available information about the effect of Cr on various physiological indicators and fish growth. Therefore, this information
may help to find the appropriate concentration of Cr in the diet.
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Introduction

Heavy metals are a group of metals and metalloids that have
a relatively high density and are very toxic to plants and
animals [1]. If the heavy metals enter a body of organisms
through the food chain, they can have a toxic effect on the
body of animals [2]. Some heavy metals, such as chromium
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(Cr), are also known as trace elements [3, 4]. This metal
finds in different forms, divalent (Cr*?), trivalent (Cr*?),
and hexavalent (Cr*®) forms. Although Cr*3 and Cr*® are
the most dominant and stable forms [5], Cr+ 3 is a natural
and stable form of chromium that find in living organisms
[6]. Also, Cr*? as a cofactor could affect the metabolism
of glucose, lipids, and proteins in various animal species
[7]. Cr binds to an oligopeptide to form chromodulin, a low
molecular weight. Next, chromodulin conjugates to insulin
receptors and enhances insulin affinity for its receptor [8, 9].
The role of chromium in carbohydrate metabolism has been
reported for turkeys [10] and humans [11]. Furthermore, Cr
has an important role in the metabolism of protein, nucleic
acid, and lipids [12]. Cr also reduces cholesterol and tri-
glyceride [13, 14] and enhances the concentration of insulin
and high-density lipoprotein (HDL) in serum [15, 16]. How-
ever, there is little information about the nutritional effects
of dietary chromium on various fish (Tables 1, 2, 3, and 4).

In fish, Cr may be absorbed through the gills and gas-
trointestinal tract and then enter the tissues through the
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Table 1 The effects of chromium on growth performance
Species Diet Duration Effects References
Common carp(C.carpio) 0.5 mg kg~'Of Cr 65 days 30 days Increased growth performance [17]
Supplementation 2 mg kg~ Of chro- Decreased growth performance
mium supplementation
Herbivorous carp(C. idellus) 0.8 mg kg~ 'Of chromium 10 weeks Increased growth performance [15]
Supplementation 1.6 mg kg™! Of Decreased growth performance
chromium supplementation
Nile tilapia (O. niloticus) 1200 pg L~! of (Cr-Pic) supplemen-  — Had no significant effect on the [18]
tation growth performance
Gilthead seabream (S. aurata) & (Cr-Pic) supplementation - Did not improve growth performance [19-21]
Rainbow trout (O. Mykiss)
Nile tilapia(O. niloticus) 1.2-1.8 mg kg~! of Cr supplementa-  — Significantly improved final body [22]
tion weight, WG, SGR, protein effi-
ciency, and feed intake
Young golden pompano (7. ovatus) 20 mg kg™ or more (Cr-Nic) sup- - Decreased growth performance [23]
plementation
Striped catfish (P. lineatus) 2 and 4 mg kg™! of Cr supplementa-  — Increased growth and feed intake [24]
tion 8 mg kg~! of chromium sup- Decreased growth and feed intake
plementation
Rohu (Labeo. Rohita) 800 ug kg‘l of (Cr-Pic) supplemen- — Significantly improved WG, SGR, [25]
tation FER, and PER
Rohu (L. Rohita) 0.3 mg kg~! of Cr supplementation  — Showed better survival [26]
Table 2 The effects of chromium on carbohydrate
Species Diet Effects References
Common carp (C. carpio) chromium chloride supplementation ~ Decreased glucose levels [27]
Young golden pompano (7. ovatus) Com- chromium poly nicotinate supplemen- Increased growth performance and carbohy- [23]
mon carp (C. carpio) and Nile tilapia (O. tation chromium supplementation drate intake Can improve glucose utiliza-
niloticus) tion and inhibit gluconeogenesis
Rohu (L. Rohita) low levels of Cr-Pic supplementation ~ Significantly increased liver glycogen levels  [25]
High levels of Cr-Pic supplementa- Significantly decreased liver glycogen
tion levels
Herbivorous carp(C.idellus) High levels of Cr-Pic supplementation Significantly decreased liver glycogen levels [15]
Table 3 The effects of chromium on fat
Species Diet Effects References
Nile tilapia Chromium supplementation High body fat content was observed [28, 29]
(O. niloticus)
Goldfish (C. auratus) High concentrations of chro- Fish body crude fat was significantly reduced and no significant [30-32]
mium supplementation difference in the activity of glucose-6-phosphate dehydrogenase
(G6PDH) enzyme was observed
Herbivorous carp (C.idellus) Cr-Pic supplementation Carcass fat content was significantly reduced [15]
Rohu (L. Rohita) Cr-Pic supplementation High lipid content in carcasses was observed [25]

blood. However, its absorption and excretion mechanisms
are unclear. Studies showed that Cr could be uptake
from water and diet [35]. Although Cr could affect fish’s
nutritional and physiological responses [36], Cr is not an
essential biological element [37]. Previous studies showed
that oral administration Cr-picolinate (Cr-Pic) increased

the crude protein content in the carcass of Nile tilapia
(Oreochromis niloticus), while decreasing crude fat [18].
A significant decrease was reported in the carcass fat con-
tent in the herbivorous carp (Ctenopharyngodon idellus)
fed Cr-Pic dietary supplementations [15]. However, feed-
ing zebrafish (Danio rerio) breeders with chromium-rich
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Table 4 The effects of chromium on enzymes

Species Diet Effects References
African catfish (Clarias gariepinus) Chromium supplementation Creatine kinase activity insignificantly reduced in serum, but [33]
reduced significantly in kidney and liver with enhancing
chromium concentration
Young blunt snout bream (Megalo- Chromium supplementation Growth and homeostasis blood glucose were increased posi- [34]

brama amblycephala)

Young golden pompano
(Trachinotus ovatus)

Cr-Nic supplementation

tively

Activities of GK and PFK enzymes were not significantly dif- [23]
ferent from the control groups, and HK and PK activities were

increased compared to control groups

Rohu (L. Rohita) Cr-Pic supplementation

Amylase, protease, and lipase activity in intestinal tissue were [25]

significantly increased

un-encapsulated Artemia cyst reduced larval survival rates
[38].

Compared to birds and mammals, fish often rely on pro-
tein sources to supply energy and use fewer carbohydrates
as energy sources. Therefore, fish need Cr much less than
mammals and poultry [39—41]. Previous studies showed that
Cr is involved in the metabolism of carbohydrates [4, 42]
and act as a cofactor for insulin in transporting glucose from
the bloodstream to peripheral tissues [43]. Consequently, Cr
dietary supplementation can increase protein-sparing effi-
ciency and make it possible to replace carbohydrates as an
energy source for fish.

Moreover, studies revealed that fish’s physiological
response to Cr supplements might depend on species, age,
gender, concentrations of Cr, and Cr supplement origin. Fur-
thermore, biological conditions, physicochemical quality of
water and the breeding system, and test duration may also
affect the results [44-46].

Research on the effects of Cr on fish health and growth
is very limited and often includes studies on the toxicity of
Cr. Therefore, there is a gap in information about the effects
of Cr on fish. Therefore, in the present paper, a literature
review on the impacts of Cr on fish has been done. Hence,
studying its effects on aquatic health seems necessary to bet-
ter understand the advantages and disadvantages of using Cr
supplements in fish diets.

The Effects on Growth Rate

The effect of Cr on fish growth is highly contradictory and
depends on the concentration of Cr in the diet, a chemical
form of Cr, and species of fish. Feeding Cyprinus car-
pio with 0.5 mg kg~! Cr increased growth performance
after 65 days, while oral administration of 2 mg kg~! Cr
reduced growth after 30 days [17]. A significant increase
was observed in the growth performance of grass carp
(Ctenopharyngodon idellus) fed with dietary supplements
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containing 0.8 mg kg~! for 10 weeks, while growth
indexes decreased when Cr concentration increased [15].
Improvement in growth indices and an increase in hepatic
glycogen stores were also observed in Nile tilapia [22],
and hybrid tilapia (Oreochromis niloticus X O. aureus) [28]
fed Cr supplementation. Feeding fingerlings L. rohita and
grass carp, C. idellus with 800 pg kg~! Cr-Pic significantly
improved growth performance indexes. Results showed
that alterations in growth performance were related to
increasing protein assimilation [25].

Furthermore, Giri et al. [13] and Liu et al. [15] found
that Cr-Pic could improve the efficiency of consuming car-
bohydrates as an energy source. Therefore, Cr-picolinate
supplementation could affect the protein-sparing action of
carbohydrates. Similarly, increased survival and growth
rates were reported in fish fed with Cr supplementation
[26, 47].

In contrast, oral administration of Cr-Pic dietary sup-
plement did not have a significant effect on the growth
performance of O. niloticus [18], gilthead seabream (Spa-
rus aurata) [19], and rainbow trout (0. mykiss) [20, 21].

Growth performance decreased after young golden
pompano (Trachinotus ovatus) fed 20 mg kg~' Cr-nicoti-
nate (Cr-Nic) supplementation [23]. Decreased growth was
observed in Crocker (Larimichthys crocea) [47], tilapia
[15, 48], and rainbow trout [49] fed with diets containing
relatively high levels of Cr. A decrease in growth perfor-
mance and feed efficiency may be due to the toxic effect of
Cr. Oral administration of dietary supplements containing
8 mg kg~! caused toxicity and reduced the growth perfor-
mance of striped catfish [24]. In common carp (Cyprinus
carpio), the concentration of 0.5 mg kg~! of Cr supple-
ment in the diet increased growth, while the concentra-
tion of 2 mg kg~! decreased growth [17]. Previous studies
showed that increasing concentrations of Cr could affect
the feed taste [24]. Therefore, the administration of high
concentrations of Cr supplementation could reduce fish’s
appetite and growth performance [24].
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The Effects of Cr on Carbohydrate
Metabolism

Cr can affect glucose metabolism and helps insulin trans-
port glucose into cells for energy production. Cr-Pic
dietary supplements can regulate urea and glucose levels.
Feeding C. carpio with CrCI2 supplementation decreased
glucose levels in the serum [27]. The use of Cr-poly nico-
tinate in the diet of juvenile 7. ovatus could increase the
protein-sparing effect of carbohydrates [23]. A significant
decrease in gluconeogenesis in the liver of Labeo roh-
ita indicated that the administration of Cr could change
the carbohydrate metabolism pathway [25]. Change in
the enzyme activities involved in carbohydrate metabo-
lism was observed in Catla catla [50], C. carpio [27],
and hybrid tilapia [51] fed with Cr supplement. Increas-
ing the catecholamine levels affect glycogenolysis in the
liver of Anabas scandens fed with Cr supplement [52]. The
effect of Cr on insulin functions may accelerate the assimi-
lation of amino acids and protein biosynthesis [26, 53].

The Effects on Fat Metabolism

Chromium salts can accelerate the process of lipogen-
esis and affect glycogen accumulation in the presence
of insulin [10, 54-56]. Insulin reduces fat lipolysis by
reducing the adenylate cyclase activity and hormone-
sensitive lipase [57]. The high body fat content of tilapia
was significantly observed in glucose-containing diets in
which chromium supplementation was used compared to
chromium-free diets [28, 29]. The liver glycogen content
of Atlantic salmon (Salmo salar L) increased at different
levels of the presence of corn starch in the diet.

The reduction of crude fat in fish carcasses fed with
high concentrations of Cr supplementation may be due to
the toxicity of Cr [58]. However, administration of low lev-
els of Cr-Pic supplementation (800 pg kg™!) could increase
the fat content of fish carcasses [15]. It is hypothesized
that the administration of low levels of Cr-Pic supplement
may cause fish to use carbohydrates for energy and dietary
lipids to accumulate in fish tissue [51].

Studies showed that high levels of Cr can reduce lipid
storage by regulating lipogenesis [58]. However, there is
no report on the effect of Cr supplementation on the activ-
ity of glucose-6-phosphate dehydrogenase (G6PDH), one
of the enzymes involved in lipolysis [30-32]. Therefore,
there was insufficient evidence to support the involvement
of G6PDH in lipogenesis [25]. Cr supplementation may
accelerate the conversion of glucose to Acetyl-CoA (nec-
essary in the process of lipogenesis) [55, 56], possibly

by increasing pyruvate dehydrogenase [59], Acetyl-CoA
carboxylase, and citrate lyase activity [60] followed by
promoting lipogenesis.

The Effect on Protein Metabolism

The fact that chromium is involved in protein metabolism
has been well established [61] and improves the function of
insulin to regulate amino acid metabolism [62]. Due to its
lipophilic nature, Cr-Pic supplementation used in the diet can
increase cell membrane fluidity and insulin uptake to accel-
erate insulin activity, and therefore amino acid transfer and
protein synthesis may increase [63, 64]. Previous studies have
shown that Cr in the diet positively affects crude carcass pro-
tein [65]. Cr-Pic dietary supplementation (up to 1200 ug L™
significantly increased crude protein content and decreased
ether extract content in Nile tilapia O. niloticus [18]. Moreo-
ver, a significant increase was reported in the crude protein
content of Nile tilapia carcasses fed Cr supplement [18, 34].
Laboratory studies showed that Cr is involved in nucleic acid
metabolism and biosynthesis of proteins in the liver [66]. Cr
supplementation could reduce blood urea nitrogen content,
indicating improved protein synthesis in fish [22].

The Effects on Enzymes

Enzymes are large biochemical molecules that monitor
metabolic processes in living organisms, so a slight change
in enzyme activity in the body can affect the condition of
an organism [67]. Accordingly, by assessing the enzymatic
activity in an organism, a metabolic disorder can be easily
recognized. Enzymatic activities also prepare rapid screen-
ing methods to assess the health of various fish and can be
used to estimate the initial lethal concentration of a toxin.
Creatine kinase is found in various body tissues containing
bones and muscles. It must catalyze the conversion reaction
of creatine to phosphocreatine by dividing itself in the conver-
sion of adenosine triphosphate (ATP). In one study, chromium
supplementation in the diet significantly decreased creatine
kinase activity under cold stress conditions [22]. Although Cr
could not significantly affect creatine kinase activity in serum,
its activity decreased in the kidney and liver of catfish [33].
Cr is a metal element that significantly affects the
activity of various enzymes in the body. Cr supplemen-
tation in the diet increases liver enzymes such as glyco-
lytic enzymes and lipogenic enzymes associated with an
early section of glycolysis and lipogenesis pathways [68],
which elucidate the mechanisms regulating carbohydrate
intake [69, 70]. Cr supplementation could significantly
affect blood glucose homeostasis by regulating the gene
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expression of enzymes involved in glucose regulation
(phosphoenolpyruvate carboxykinase PEPCK, pyruvate
kinase PK, glycogen synthase GS, and glucose-6-phos-
phatase G6Pase) [34]. Moreover, Cr dietary can also regu-
late lipid levels in mRNA levels of lipogenesis genes in
Blunt Snout Bream (Megalobrama amblycephala) [34].

In a previous study, the effect of Cr on glucokinase
(GK), pyruvate kinase (PK), hexokinase (HK) and 6-phos-
phofructokinase (PFK) activities, which are key enzymes
in the glycolysis process, were assessed [23]. GK is the
first glycolytic pathway enzyme that plays an essential role
in catalyzing the conversion of glucose to glucose-6-phos-
phate, which is an intermediate metabolite and can be used
in various catabolic metabolic pathways (glycogenesis and
pentose phosphate) [71-74]. In some fish, such as rain-
bow trout, carp, goldfish, and gilthead seabream, liver GK
enzyme activity is strongly provoked after the use of car-
bohydrates, and this action is communicated to the high
expression of the liver GK enzyme gene [71-74]

In one analysis, the activities of GK and PFK enzymes
in the groups that received Cr-Nic in their diet were not
significantly different from the control groups. On the
other hand, Cr-Nic in the diet naturally increased HK and
PK activities compared to control groups [23]

Glycolysis is the only pathway for glucose catabolism
in various organisms, including fish [75], and involves
the progressive oxidation of one molecule of glucose
(6C) to two molecules of pyruvate (3C). HK and PK are
key enzymes that regulate the glycolytic pathway. The
HK enzyme catalyzes the first glycolysis reaction, which
involves the phosphorylation of glucose to glucose-
6-phosphate, a molecule that may be used in other meta-
bolic and catabolic pathways such as glycogenesis and the
pentose-phosphate pathway [76-78]

PK catalyzes the last stage of glycolysis, which con-
verts phosphoenolpyruvate to pyruvate [79-83]. A study
found that Cr-Nic supplementation possibly regulated
glycolytic processes by increasing HK and PK activity,
thereby increasing growth performance and feed efficiency
in fish-fed diets containing chromium supplements. In
addition, hepatic glycogen was significantly lower in the
food groups that have Cr-Nic supplements than in the con-
trol group. The various digestive organs of the body are
highly sensitive to food composition and cause immedi-
ate changes in the activity of digestive enzymes [84—-86].
Increased activity of digestive enzymes indicates better
utilization of nutrients in the diet and thus better growth.
The study found that amylase, protease, and lipase activity
in intestinal tissue was significantly increased in diets con-
taining 800 pg kg~! of Cr-Pic supplementation, indicating
an improvement in nutrient utilization, and the result is
higher growth performance [25].
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The Effect of Chromium on Cortisol

Cr supplement could decrease stress by reducing cortisol
in serum [87-92]. Stressors increase plasma cortisol levels,
including cold exposure [88] and short-term heat exposure
[89]. How chromium affects cortisol production is unknown.
Glucocorticoids inhibit insulin excretion [93]. Because chro-
mium boosts insulin function, it may inhibit cortisol secretion
reversely. In a study on tilapia, serum cortisol levels decreased
following dietary chromium supplementation [22].

Toxicity of Chromium

High levels of Cr in diet and water cause tissue changes in the
intestine, gills, liver, and kidneys, but the mechanism of toxic-
ity is not yet known [35, 94]. The toxicity of Cr*™ is very low.
However, Cr*% is more toxic than the Cr* form due to its easy
permeability through cell membranes [95]. Toxic Cr* readily
crosses cell membranes and then decreases when converted
to the trivalent form. The Cr>* form combines with numer-
ous macromolecules, including genetic material, within the
cytosol, eventually resulting in changes due to the toxic and
mutagenic form of chromium [96].

Kim and Kang [97] found that dietary chromium (Cr
exposure could induce oxidative damage and block the cata-
lytic domain of acetylcholine esterase [97]. The bioaccumula-
tion capacity of Cr in fish has been studied [98—101]. Kumar
et al. [102] showed that the toxicity of Cr in fish depends on
the pH and temperature of the water [102]. Also, Lunardelli
et al. [103] detected a significant correlation between Cr con-
centrations in the environment and alteration in oxidative bio-
markers in the Neotropical fish, Prochilodus lineatus [103].
Similar changes in the antioxidant enzymes were reported in
the liver of eel fish (Anguilla anguilla) [104].

Moreover, Mohamed et al. [105] reported histopatho-
logical and hematological changes in O. niloticus exposed to
Cr*% [105]. Similarly, growth performance and a decrease in
CYP450 and GST gene expression. Furthermore, the metal-
lothionein gene expression increased in the liver of juvenile
rockfish Sebastes schlegelii after oral exposure to Cr [6].

Histopathological damage to gills, increased mucus secre-
tion, and increased blood lactate were observed in Colisa fas-
ciatus following exposure to Cr [106].

+6)

Conclusion

Although Cr is not the essential biological element, it can
affect the physiology and health of fish. Fish can uptake
Cr from diet and water. However, oral administration of
Cr may have contradictory impacts on fish. Exposure to
waterborne Cr could have toxicity effects on fish. Literature
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reviews showed that Cr could play a role in the metabolism
of fats, carbohydrates, and proteins and affect the function
of enzymes and some parameters. Also, the suitable levels
of Cr in fish diets could improve growth performance. In
contrast, high concentrations of Cr could have toxic effects
on fish and decrease fish carcasses’ growth rate and quality.

Overall, the chemical structure, origin, concentration, and
bioavailability of Cr play a decisive role in its effects on fish.
Furthermore, individual characteristics, species, gender, and
environmental conditions also play a role in the physiologi-
cal response of fish exposed to Cr. This information suggests
that knowledge of the non-toxic concentrations of Cr in the
food and environment is essential for different fish species.
As a result, this report may help to design a complete diet
containing chromium supplements.
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