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ABSTRACT

Pangasius (Pangasianodon hypophthalmus) is a commonly farmed fish in ponds in Bangladesh but
its yellow flesh color creates a barrier for export. Here, we investigated if feed ingredients and en-
vironmental parameters might impact yellow tainting of the flesh. In experimental feeds, maize (a
typical ingredient in commercial feeds) was replaced by soybean meal, and frequent exchange of
pond water was introduced. Chemical analyses showed that the commercial feed was high in ca-
rotenoids (lutein, zeaxanthin and B-carotene; 18.8 mg/kg) as compared to the experimental feeds
(<1 mg carotenoids/kg). After feeding the fish commercial and experimental feeds for 9 months,
the content of total carotenoids in the flesh was reduced by 48% to 64% and visual yellowness by
up to 47% by the experimental feeds. Weekly or biweekly water exchange in combination with the
experimental feeds further reduced the yellow coloration to 22% relative to fish given commercial
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feed and without water exchange. Our study demonstrates that pangasius with white flesh can be

produced in Bangladesh by combining feeds low in pigments with frequent water exchange.
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INTRODUCTION

Catfish are globally widespread and are also
commonly produced fish in subtropical and
tropical aquaculture (FAO, 2018). In south and
southeastern Asia, an important catfish species
in freshwater fish farming is pangasius (Pan-
gasianodon hypophthalmus) (Jespersen et al.,
2014). In Bangladesh, pangasius was the most
produced aquaculture species in 2017 and 2018
and reached a production of 453,383 tons (DoF,
2018). Export of pangasius from Bangladesh is
currently limited and the fish are mainly sold at
domestic markets (Alam et al., 2019). Recently,
pangasius production has exceeded local de-
mand and this has opened an option for ex-
port, but lack of interest by international com-
panies in the import of pangasius has hindered
the establishment of a profitable export-orient-
ed pangasius industry in Bangladesh. A main

barrier for the export appears to be the yellow
flesh color that occurs in some catfish species
(Qiufen et al., 2012) and that has been reported
as a common characteristic of pangasius pro-
duced in Bangladesh, as illustrated in Figure 2A
& B and reported by Hoque et al. (2021). On the
basis that the yellow color limits the export of
pangasius from Bangladesh, pangasius with
white flesh but produced in other Asian coun-
tries, e.g., Vietnam, has successfully been ex-
ported to Europe and other international mar-
kets (Belton et al., 2011; FAO, 2019).

Consumers tend to prefer fish with white flesh
(Lovell, 1998), except for species with a known
different color, such as pinkish flesh in salmon
(Sheehan et al., 1998). In some countries, espe-
cially in USA and Europe, consumers are often
reluctant to buy fish products with yellow pig-
mentation, because they suspect the fillets are
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damaged, spoiled or have been stored longer than the “best be-
fore” date (Lovell, 1984; Shahidi et al., 1998).

The yellow color of catfish flesh is typically caused by the yel-
low-orange carotenoid pigments carotenes and their oxygenat-
ed derivatives xanthophylls (Lee, 1987; Li et al., 2007, Maoka et
al., 1989). Different species of fish accumulate different kinds of
carotenoids (de Carvalho & Caramujo, 2017), but the xantho-
phylls lutein and zeaxanthin are considered the primary yellow
pigments in catfish (Lee, 1987; Li et al., 2011). Carotenoids are
synthesized by microorganisms and plants and are not produced
by animals. Hence, carotenoids in catfish originate from an exter-
nal source. In commercial production, carotenoids may either be
feed ingredients or originate from ingestion of materials or or-
ganisms in the water. Common ingredients in catfish feeds are
maize, corn gluten meal and mustard oil cake due to their pro-
tein content, but these plant products may also contribute to ac-
cumulation of carotenoids in fish flesh (Lee, 1987).

Catfish are omnivore, opportunistic fish that in their wild habitats
feed on algae, aquatic plants, crustaceans, as well as on other or-
ganisms in the water (Zimba et al., 2003). This means that natural,
carotenoid-containing organisms in water in fish farms may also
contribute carotenoids in catfish flesh after ingestion. Support-
ing this, a correlation between xanthophylls in catfish and micro-
organisms >75 pm (assumed to be mainly phytoplankton) was
observed by Hu et al. (2013). Some reports mention that environ-
mental conditions, e.g., low oxygen content and a high ammoni-
um level, can also cause yellow discoloration in pangasius (Qi-
ufen et al., 2012; Waycott, 2015), but no scientific evidence was
given in these reports.

The yellow pigments do not influence the flavor, taste, storage ca-
pacity, or safety of catfish flesh (Lovell, 1998), and there are indica-
tions that consumption of yellow pigments might be beneficial to
human health (Snodderly, 1995; Young & Lowe, 2001). However,
unless consumer acceptance of yellowish color in catfish changes,
yellow catfish fillets will still be opted out by most consumers.

The difference in flesh color of pangasius raised in Vietnam and
Bangladesh is not related to species, since taxonomically identical
pangasius species are cultured in both countries (Belton et al., 2011).
Rather, fish farm practices with respect to feed ingredients, and pos-
sibly also water quality, might explain the yellowish color but so far,
no experimental evidence for such effects has been given.

In this study, we fed pangasius different diets with a variable con-
tent of carotenoids and manipulated the water exchange in ex-
perimental ponds. To mimic actual conditions in commercial fish
farms, earthen ponds with natural well water were used in the
study. We hypothesize that changed feeds and possibly also bet-
ter monitoring and control of the water quality can reduce the
yellow color in pangasius flesh.

MATERIAL AND METHODS

Field experiment setup

A controlled field study was conducted for 9 months between
May 2018 and January 2019 in uniformly sized soil fishponds,
each with a surface area of 40.5 m? and a depth of 1.20 m, at the

Faculty of Fisheries, Bangladesh Agricultural University (BAU),
Mymensingh, Bangladesh. Before the start of the experiments,
all ponds were dried out in the sun to exclude the presence of
other fish species in the ponds. Separate inlet and outlet canals
were built into each pond to prevent the exchange of fish be-
tween ponds, and dikes prevented the entry of other fish and the
escape of stocks. The pond soil was conditioned with lime as is
practiced in Bangladesh to improve the structure of the pond
soil. After two weeks, the ponds were filled with underground
water up to 1 m in depth, and after an additional week, healthy
and uniformly sized fingerlings (average length of 20 cm and
weight of 60 g) were stocked at a rate of 5/m?. The fish for analy-
sis were harvested in September, October and January (see be-
low). No mortality of fish was observed in any of the treatment.

Feed formulation and feeding

Based on the hypothesis that certain ingredients in standard
pangasius feed cause the yellow coloration of fish flesh, two ex-
perimental feeds were formulated and fed to the fish. A commer-
cial pangasius feed type (Pangasius floating feed; www.mega-
feedbd.com) served as the control. Ingredients in commercial
pangasius feed (feed type 1; FT-1) typically include fish meal,
meat and bone meal, maize, soybean meal, rice bran, mustard
oil cake, wheat flour, salt, and vitamin and mineral premix. The
proportion of maize and mustard oil cake in commercial feeds in
Bangladesh usually varies from 10-25% and 10-15% (Ali et al.,
2013), respectively. We suspected that these two ingredients
were mainly responsible for the yellow color in pangasius flesh.
Therefore, the two experimental feed types were formulated
without maize and mustard oil cake, and each feed had a content
of crude protein of 30%. Feed type 2 (FT-2) contained fish meal
(25%), soybean meal (25%), rice bran (24%), wheat flour (24%), salt
(1%), and vitamin-mineral premix (1%). Feed type 3 (FT-3) was
made from meat and bone meal as the main animal protein
source (30%), while soybean meal (30%) was the main plant-
based protein source. The remaining ingredients were rice bran
(19%), wheat flour (19%), salt (1%), and vitamin-mineral premix
(1%). The ingredients were finely ground, mixed with clean water
and made into pressed pellets by a fish feed pelleting machine.
The content of carotenoids varied from 18.8 mg/kg in the com-
mercial feed to about 0.9 mg/kg in the experimental feeds (de-
termined from published values) (Table 1). Individual proportions
of the carotenoids lutein, zeaxanthin and B-carotene in the three
feeds were 43, 56 and 1% (commercial feed), 81, 8 and 11% (ex-
perimental feed 2), and 83, 6 and 11% (experimental feed 3), re-
spectively. The fish were fed the three feed types as 3.0-4.0 mm
pellets at a rate of 4-5% of their average body weight twice a day
and this was adjusted bi-weekly with the body weight.

Management of ponds, feeds and water exchange

Instead of small replicate ponds with few fish, single but large
ponds with many fish (200 fish per pond) were used for each
treatment. Pond 1 was the control pond and the fish were fed the
commercial feed (FT-1) and no water exchange (NWEX) was ap-
plied. Fish in Pond 2, 3 and 4 received our own formulated feed
type 2 (FT-2) and had no, 50% fortnightly, or 50% weekly water ex-
change (NWEX, FWEX or WWEX, respectively). Fish in Pond 5, 6
and 7 received our own formulated feed type 3 (FT-3) and had
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Table 1. Different feed types and their composition.
Percentage dry weight (except for
carotenoids)
Ingredients
Feed type Feed type Feed type
1 (FT-1) 2 (FT-2) 3 (FT-3)
Fish meal 10 25 -
Meat and bone 13 i 30
meal
Maize 11 - -
Soybean Meal 6 25 30
Rice bran 38 24 19
Mustard oil cake 10 = =
Wheat flour 8 24 19
Salt 1 1 1
V|tam|n—m|nera| 1 1 1
premix
T *
Total carotenoids 18.8 0.86 091
(mg/kg)

*Lutein, zeaxanthin and B-carotene. Content of carotenoids in the ingredients
was based on data by Aruna & Baskaran (2010); Kim et al. (2010); Wu et al.
(2016); Trono (2019).

no, 50% fortnightly, or 50% weekly water exchange (NWEX,
FWEX or WWEX, respectively). For the commercial feed FT-1, no
water exchange was applied to resemble real pond farming
practices in which no water exchange is applied. Moreover, due
to a limited availability of ponds for the study, we could not rep-
licate different water exchange conditions for feed FT-1.

Comparisons of feed effects were done at identical water ex-
change conditions and with similar feeds at different water ex-
change conditions. Biological replicates of the fish (i.e., “parallel
measurements of biologically distinct samples that capture ran-
dom variation”; Blainey et al., 2014) were included in all observa-
tions to validate statistical analyses. The similar growth rates ob-
served for fish in the different ponds, irrespective of feed type
and water exchange, justify application of the large-pond strate-
gy, relative to replicate and smaller ponds.

Analysis of water quality and sampling of fish

Water quality parameters were measured monthly from May to
October in 2018, and in January 2019. On each sampling day, tem-
perature, dissolved oxygen and pH were measured between 9:00
and 11:00 using portable devices (www.extech.com) at the sam-
pling site, while water transparency was measured with a Secchi
disk. Ammonia, nitrate and ortho-phosphate were measured im-
mediately after return to the laboratory by application of specific
reagent kits by Lovibond (www.lovibond.com). The fish were sam-
pled at three time points (September, October and January) using
nets. The fish were stunned and bled out by cutting of the gill
blood vessels. Fillets of the fish were stored at -70°C until analysis.

Color analyses

The color of the fish fillets was measured using the Commission In-
ternationale de I'Eclairage (CIE) color system by measurement of
L*, a* b* values which are widely used to determine the color in-

tensity of fish (Gouveia et al., 2003; Wathne et al., 1998). L* mea-
sures the lightness on a 100- point scale, +a* measures the red-
ness and —a* the greenness, +b* measures the yellowness and
—b* the blueness. The L* a*, b* values were measured with a Mi-
nolta CR-400 Chroma Meter (Konica Minolta, Inc., USA) using a
pulsed xenon lamp with an 8 mm diameter opening, correspond-
ing to the measuring surface. Before analysis, the instrument was
calibrated with a white ceramic plate. To ensure a uniform analysis
of the entire fillet, three measuring points were defined on the sur-
face of the flesh side of the raw fillets (Figure 2C) (Li et al., 2011). All
measurements were made on the flesh side of the fillets, since it
appeared more homogeneous than the skin side, and at the same
locations in each fillet. The results are expressed as mean value of
readings from three points from the same fillet. After the measure-
ments, the fillets were immediately stored in aluminum foil at
-70°C for subsequent carotenoid analysis by HPLC.

800

I Average weight of fish

600 -

200 o

May June July August September October January

Figure 1. Weight of fish at the monthly samplings. The
monthly weights were similar irrespective of feed
and water exchange (p>0.05; n = 35 fish at each
sampling time; SEM shown).

Extraction of pigments

The procedure for extraction of carotenoids was modified from
the technique given by Liu et al. (2012). Samples of fish fillet of
20 g were freeze-dried and ground in a mortar before addition of
20 ml acetone. The acetone was mixed with the sample to dis-
solve the pigments before filtration through a glass fiber filter
and transfer to a separating funnel. Four ml n-hexane and 20 ml
water were added to the acetone extract and mixed and left un-
disturbed for 15 min for separation to occur. Next, acetone and
water were discarded, and the pigment extract was washed twice
with Milli-Q water. The n-hexane layer was collected and filtered
through Whatman 0.45 um nylon GMF filter paper before stor-
age at 4°C in dark 2 ml glass vials without headspace. Feed and
feed ingredients were treated similarly by extraction of 5 g sam-
ples. Finally, all pigment extracts were concentrated by evapora-
tion of n-hexane under N, stream and stored at -20°C until sub-
sequent HPLC analysis.
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HPLC analysis of carotenoids

Pigments were dissolved by addition of 6 ml 95% acetone to each
sample before sonication in an ice-cool sonication bath for 10 min.
To improve the solution of the pigments, the samples were left for
20 h at 4°C, after which the extracts were vortex-mixed for 10 sec.
In a few samples, a thin layer of whitish fat occurred at the bottom,
but this layer was not included in the pigment analysis. Analysis of
the carotenoids was carried out according to Schliter et al. (2016)
using the Van Heukelem and Thomas HPLC method (Van Heu-
kelem and Thomas, 2001) with an adjusted pump gradient to op-
timize the resolution. The HPLC system consisted of a Shimadzu
LC-10ADVP system with one pump (LC-10ADVP), photodiode ar-
ray detector (SPD-M10AVP), SCL-10ADVP system controller with
Lab Solution software, temperature-controlled auto sampler
(SIL-T0ADVP) (set at 4°C), column oven (CTO-10ASVP), and degas-
ser (ERC 3415a). Retention times of peaks were confirmed using
pigment standards from DHI Lab Products, and peak identities
were routinely confirmed by online photodiode array analysis. To
further assure correct pigments concentrations in the fish flesh,
replicates of five fish samples were validated and confirmed by a
commercial laboratory (www.eurofins.dk).

Statistics

All statistical analyses were performed with the statistical soft-
ware SPSS (version 23.0, SPSS, Chicago, IL, USA). Univariate anal-
ysis of variance (ANOVA) was performed through the General
Linear Model (GLM) procedure in SPSS. The GLM procedure
provides univariate ANOVA for one dependent variable by one
or more independent variables. In the GLM, feed type and water
exchange rate were included as independent variables to test for
individual and interactive effects on several dependent variables,
e.g., b* zeaxanthin, lutein, etc. Tukey's test was applied for post
hoc detection of significant pair-wise comparisons.

RESULTS AND DISCUSSION

Physicochemical parameters and growth performance

Seasonal water quality parameters in ponds receiving different
feeds and with different water exchange rates are presented in
Table 2. The water temperature ranged from 19.3°C in January to
a maximum of 35.7°C in August. Relative to the commercial feed

FT-1, the experimental feeds FT-2 and FT-3 led to a higher oxy-
gen content, lower concentrations of phosphate and ammonia
(only in FT-3) and raised pH (ANOVA test). When weekly or bi-
weekly water exchanges were applied, oxygen level (in FT-3 only)
and water transparency increased, while phosphate was reduced
(in FT-3 only) (ANOVA). The water exchange had variable effects
on pH, ammonia and nitrate.

Conditions for pangasius production in the ponds were repre-
sentative for fish farms in Bangladesh with respect to tempera-
ture, oxygen level and inorganic nutrients (Abedin et al., 2017).
However, in some periods the oxygen concentration was below
the recommended level of 5 mg O,/L (Abedin et al., 2017; Ali et
al., 2013), except in the ponds given feed FT-3 and with weekly or
biweekly water exchange. It has been suggested that a low oxy-
gen content and increased ammonium concentrations can lead
to yellow coloration in pangasius (Qiufen et al., 2012; Waycott,
2015), but no studies have confirmed this. Many Bangladeshi fish
farmers also assume that a reduced water quality is the main rea-
son for the yellow flesh (own personal communication). Possibly,
a relation between oxygen level, metabolic activity and yellow
coloration might exist, as discussed below.

During the 9 months growth period, the biomass of fish from the
different treatments increased from a mean weight of 57 g in May
2018, to a mean weight of 631 g in January 2019. Weight gains at
the monthly samplings were similar irrespective of feed and wa-
ter exchange (p>0.05; Figure 1).

Color of fish flesh and effects of water exchange

Feed type and water exchange affected the yellow coloration b*
and the lightness L*, but no changes of redness a* of the fish fil-
lets were observed (Table 3). Lightness and yellowness correlat-
ed negatively, meaning that less yellow color occurred when the
fillets had a higher lightness.

Without water exchange, the average yellowness b* at three
sampling times (September, October and January) was 24.7
(feed FT-1), 19.7 (feed FT-2) and 15.7 (feed FT-3) (the b* values
were statistically different; p<0.05) (Figure 3). Thus, a significant
color improvement occurred when the fish were given the

Table 2. Water quality parameters in ponds with different feeds and water exchange rates. No water exchange (NWEX),
50% fortnightly water exchange (FWEX) or 50% weekly water exchange (WWEX) were applied.
Ll Temp:a rature Dissolved Transparen-  Ammonia Nitrate Phosphate
P GG (€] oxygen (mg/l) i cy (cm) (mg/l) (mg/l) (mg/l)
rates (min - max)
FT-1 NWEX 22.6-33.7 5.150+0.82 6.66°+0.41 15.74+5.10  0.38%+0.32 6.74+2.6 1.50°+0.38
NWEX 21.5-334 4.53°+0.86 7.43°+053  16.77°+4.93  0.54°v+0.56 9.27+4.37 0.262*+0.11
FT-2 FWEX 19.3-35.7 4.83+0.87 7.02+0.67  21.25+3.06  0.16*+0.18 8.37+2.26 0.24*+0.19
WWEX 20.7-34.0 4.70+0.79 7.35£0.53  27.89:+3.19  0.44v+0.55 8.69+3.39 0.397+0.24
NWEX 22.0-33.2 5.78*+0.90 7.38°+0.65  15.89+4.15  0.14°+0.09 8.37%+2.06 1.290v+0.30
FT-3 FWEX 23.4-343 6.01%+0.65 7.43+£0.62  21.499+512 0.19+0.10 11.72+£4.60  0.70:+0.34
WWEX 22.7-354 6.85+0.76 7.67£0.49  28.36*+2.36 0.11+0.06 7.73+1.60 0.78+0.45

*Different superscripts (a,b,c) in the same column signify statistical differences in different feed types with no water exchange (NWEX) (p<0.05); superscripts x,y,z in

the same column signify statistical differences for application of fortnightly water exchange (FWEX) and weekly water exchange (WWEX) for feed type 2 (FT-2) and

feed type 3 (FT-3) (p<0.05). Means = 1 STD (n = 5) shown.
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low-pigmented feeds FT-2 and FT-3, relative to the high-pig-
mented commercial feed FT-1.

With water exchange, the effects of the two low-pigmented
feeds were significantly enhanced and caused an additional re-
duction in the yellow color of the fillets (Figure 3). The lowest ob-
served yellowness (b*- value 4.69) was observed in January in fish
given feed type FT-3 and with a weekly water exchange (WWEX).

Carotenoids in fish relative to carotenoids in feeds

The absence of maize and mustard oil cake in the experimental
feed types was clearly reflected in the pigment content of the
fish flesh. Fish which had been fed the commercial feed accumu-
lated more zeaxanthin (187 ng/g) and lutein (213 ng/g) than fish
which had been fed the experimental feeds (zeaxanthin and lu-
tein content with FT-2 and FT-3 was 96 and 71 ng/g, and 128 and
67 ng/g, respectively) (Table 4). B-carotene contributed only a lit-
tle to the pigment concentrations (content of 2-5 ng/g). Two un-

R
"

e -

Point 2

2 ~——

Point 1 Point 3 =

Figure 2. Intense yellow (A) and white (B) pangasius fillets
from the studied ponds, and locations on pangasius
fillet along the dorsal line (C) where the L* a* and
b*- values were measured.

identified pigments in the flesh with absorption maxima a few
nm from zeaxanthin and lutein, and with retention time close to
these two pigments in the HPLC chromatograms, were consid-
ered as derivatives of lutein and zeaxanthin and added to the to-
tal carotenoid content in Table 4. The sum of the carotenoids
confirmed that the experimental feeds FT-2 and FT-3 led to a sig-
nificantly lower content of carotenoids than feed FT-1 (summa-
rized in Figure 5).

The co-occurrence of carotenoids in feed and fish shows that
pigments in feed can be a main source for the coloring of flesh
in catfish, as also observed for other catfish species (Qiufen et
al., 2012). Supporting this relation, removal of carotenoids
from the feed was found to reduce carotenoid pigments in
fish. Li et al. (2011) fed catfish (Ictalurus punctatus) a diet con-
taining zeaxanthin and lutein (total of 82 mg/kg feed) for 11

35

30 A

25 4

20 A

c,d

b* value

NWEX

NWEX FWEX WWEX NWEX FWEX WWEX

FT-2 FT-3

FT-1

Figure 3. Visual yellow color of fillet (b*) in different feeds (FT-
1, FT-2 and FT-3) and water exchange rates (none
(NWEX), fortnightly (FWEX) or weekly (WWEX) water
exchange). Means of 15 fish shown. Letters above
columns indicate significant differences (p<0.05).

Table 3. Effects of different feeds and water exchange rates on L* (Lightness), a* (Redness) and b* (Yellowness) of fish fillets
from three months. NWEX, FWEX and WWEX refer to none, fortnightly or weekly water exchange.
Feed Treat- September October January
ment L* a* b* L* a* b* L* a* b*
FT-1 NWEX 61.781+175  591+0.63 264204265  64.52212+227  5.84+0.30 26.30°£6.35  66.442+3.62 591016  21.480+541
NWEX 6231214277  6.65+0.92  19.34+251  66.51°2+1.37  6.01£1.21 19.320542.68  68.262+2.61  564+0.57  20.38°v+3.92
FT-2 FWEX 65.85+435 516059 1677092  68.42+3.48 6.15+0.54 18.98+4.61 70429175  593+074  15.99+2.14
WWEX 6670'+197  550+1.10  10.85+2.15  70.06%+2.30 6.61+0.50 11.684507 723524224  6.23+075  9.36*+3.60
NWEX 71.10043.27  5.82+1.48  17.429+1.82  71.79°%2.15 5.87+1.14 17.380+4.47 70864328  522+039  12.30°/%3.20
FT.3 FWEX 72124392 6084077  14.42%2.80  72.41£2.04 6.11+0.48 134794295 73924332 5912044  12.33+1.88
WWEX 724614398  629+0.64  809:2+1.08  72.74'+1.85 b.66+1.37 57214172  78.687+168  6.04+098  4.69%1+1.47

*Different superscripts (a,b) in the same column signify statistical differences in different feed types at NWEX condition (p<0.05); superscripts x,y in the same column

signify statistical differences in different water exchange conditions for feed type FT-2 and FT-3 (p<0.05); superscripts 1,2 in the same row signify statistical differences
between different months (p<0.05). Means + 1 STD (n = 5) shown.
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Table 4. Pigment profile of fish that were fed with different feed types and without water exchange. Fish were harvested in
January 2019.
el e Zeaxanthin Lutein B-carotene Unknown | Unknown Il Total carotenoids
(ng/g) (ng/g) (ng/g) (ng/g) (ng/g) (ng/g)
FT-1 187°+82 213£80 SEEC) 37°+15 104b+44 546°+212
FT-2 96+28 1286+38 8BRS 20°+8 40°+22 2872+87
FT-3 712+56 67°+47 2o 19°£9 392422 1972+130

*Different superscripts in the same column signify statistical differences (p<0.05). Means + 1 STD (n = 10) shown.
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Figure 4. Carotenoids in fish fillet in different feeds (FT-1, FT-2
and FT-3) and water exchange rates (none (NWEX),
fortnightly (FWEX) or weekly (WWEX) water
exchange). Means of 10 fish shown. Letters above
columns indicate significant differences (p<0.05).
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Figure 5. Relationships between visual yellow color (b* and
total carotenoids content (ng/g) in 70 fish.

weeks, followed by 12 weeks without carotenoids in the feed,
and this reduced carotenoids in the flesh from 12 pg/g to be-
low 2 pg/g at 20°C or 30°C water temperature, while a lower
reduction occurred at 10°C. The temperature effect suggests
that metabolic activity of the fish promoted the release of ca-
rotenoids.

Our study indicates that the replacement of a commercial feed,
containing maize and mustard oil cake, with the experimental
feeds without these two ingredients, can significantly reduce the
total carotenoid content and cause a lower pigment content in
the flesh and a decreased yellow flesh color. Maize is often used
in commercial fish feeds to reduce costs, but maize is known to
introduce a general risk of yellow tainting of fish flesh (Amaya &
Nickell, 2015). This was confirmed in breeding of tilapia in Chi-
nese fish farms when using feeds rich in maize (Qiufen et al.,
2012). Maize is an inexpensive ingredient that typically is mixed
with mustard oil cake, fish meal, and meat and bone meal as the
main ingredients in Bangladeshi fish feeds (Ali et al., 2013).

In contrast to Bangladeshi farms, maize is not used in pangasius
production in Vietnam and here farm-produced pangasius is
known for its white flesh color (Phan et al., 2009). In Vietnam, pan-
gasius feed may include trash fish (usually of marine origin), fish
meal powder, crushed dried fish, soybean meal, broken rice, and
rice bran as the main ingredients in farm-made feed (Phan et al.,
2009). The absence of maize in Vietnamese feeds and the white
flesh color strongly suggest that maize is the main source of yellow
tainting of pangasius flesh in Bangladesh due to the content of ca-
rotenoids, as suggested by Uddin et al. (2019). In general, it is not
recommended to use feeds rich in carotenoids for catfish species,
e.g., channel catfish, pangasius and African catfish, because these
fish are expected to have white flesh (Amaya & Nickell, 2015).

Carotenoids in fish relative to water exchange

Water exchange also affected the carotenoid content of the pan-
gasius fish, but a significant effect was only found for FT-3. For FT-
2, the weekly and biweekly water exchange did not affect the pig-
ment content relative to the absence of water exchange (Figure 4).
When the fish were fed FT-3, the total pigment content declined in
proportion to the water exchange rate, reducing the content of
carotenoids in the fish from 197 ng/g (no water exchange) to 94
ng/g (weekly water exchange). Although not statistically signifi-
cant, the biweekly water exchange also suggested that this re-
duced the carotenoid content in the fish (content of 140 ng/qg).

The frequent water exchange led to a higher oxygen content in
the water, relative to absence of water exchange (Table 2). We
speculate if the higher oxygen level stimulated physical activity

198



Aquat Sci Eng 2021; 36(4): 193-201
Islam, Haque, Razzak, Schliiter, Ahsan, Podduturi and Jorgensen. Yellow Tainting of Flesh in Pangasius (Pangasianodon hypophthalmus): Origin of the Color...

and metabolic activity of the fish, causing a lower fat content. We
did not determine the fat content of the fish, but visual inspec-
tion after slaughter showed a high accumulation of belly fat in
fish which had been fed the commercial feed, as compared to
fish given the experimental feeds. An increased fat content in fish
given the commercial feed might also explain the higher content
of carotenoid in these fish, since carotenoids are lipid soluble.

An alternative process that may have reduced the carotenoid
content of the fish is a reaction with free radicals in the pond wa-
ter. In waters with a high oxygen content, the level of free oxygen
radicals in fish is typically also increased (Lushchak & Bagnyuko-
va, 2006). When carotenoids react with free radicals, the pig-
ments lose color and pigment function (Qiufen et al., 2012). In
our study, when fish were fed feed FT-3 and had weekly water ex-
change, the highest oxygen level occurred in the ponds and co-
incided with the lowest content of pigments in the fish. However,
more analyses are required to determine whether free oxygen
radicals can cause reduction of carotenoids in pangasius.

Pigment composition of fish

Surprisingly, the proportion of the different carotenoids in the
fish did not differ between feeds nor relative to the water ex-
change. In the analyzed fish (total of 70 fish), the proportion of
zeaxanthin, lutein, B-carotene, unknown 1 and unknown 2 was on
average 30.7%, 40.3%, 0.6%, 8.3% and 20.2%, respectively (Fig-
ure 4). No statistically significant differences from feed or water
treatment on the composition were found. One noticeable ob-
servation, although not statistically significant, was reduction of
zeaxanthin from 34% in fish fed FT-1 and without water exchange,
to 25% in fish fed FT-3 with weekly water exchange.

The rather parallel variations of the five pigments suggest that
changes in the matrix containing the pigments caused the differ-
ent pigment contents. A changed pigment content might reflect
metabolic conversion of individual pigments, as shown for astax-
anthin and lutein, both of which can be converted to vitamin A
in some catfish (Lee, 1987). A co-occurring removal of pigments
(lutein and zeaxanthin) was also observed in catfish by Li et al.
(2011) and supports that matrix containing the pigments, rather
than the individual pigments, is reduced when fish lose pig-
ments. In our study, the main matrix for the pigments was proba-
bly lipids in muscle tissues, but gonads and skin may also contain
carotenoids (de Carvalho & Caramujo, 2017).

Visual yellow color vs. carotenoid content in fish

When relating the measured b* values (indicating intensity of the
yellow color) to the measured carotenoid concentrations, a
strong relationship was found (R? = 0.745) (Figure 5). Thus, higher
carotenoid pigment concentrations coincided with a more in-
tense yellow color. Similar relationships between the individual
carotenoids and b* values had a weaker relationship (data not
shown), suggesting that the sum of the major carotenoids gave
the most precise indication of the yellow color.

In our study, temperature may also have affected the yellow color by
influencing the amount of feed ingested by the fish. The lowest feed-
ing rate occurred in the coldest month January (visual inspection
showed that the fish were reluctant to eat the feed) and this probably

explains the reduced yellow color observed for FT-1 (reduction in b*
from 8.09 in September to 4.69 in January). Thus, if using the commer-
cial feed FT-1 and not applying water exchange, fish farmers should
harvest the fish in January to ensure the least yellow flesh.

After slaughter, the yellow coloring of catfish flesh can also be min-
imized by chemical treatment, typically by dipping in sulfite solu-
tions, as shown for channel catfish by Li et al. (2013, 2017). These
authors found that the frequently observed yellow discoloration
during refrigerated storage (assumed to originate from carot-
enoids or their degradation products) was reduced by the chemi-
cal treatment. However, from a consumer viewpoint, use of low-ca-
rotenoid feeds appears a more attractive approach than post-har-
vest treatment with chemicals to reduce the yellow color in fish.

Carotenoids and fish health

The absence of carotenoids in fish feed may have negative con-
sequences to the health of the fish. Carotenoids are lipid-soluble
compounds known to stimulate the immune defense and quench
reactive oxygen species (Babin et al., 2015; Yujing et al., 2012).
Supporting this, in yellow catfish (Pelteobagrus fulvidraco), sup-
plementation of carotenoids to the feed has recently been shown
to enhance the immune system by raising the lysozyme activity
and the immuno-globulin level, and to reduce symptoms from
high temperature stress (Liu et al., 2019). A similar immune stim-
ulation was observed in the cold-water species rainbow trout
(Oncorhynchus mykiss) when fed carotenoids from the marine
alga Dunaliella (Amar et al., 2004). It remains to be determined if
and how the present low-carotenoid feeds may affect fish health.
During our study, no adverse effects on fish health from the ab-
sence of carotenoids were observed.

Irrespective of the positive or negative effects of carotenoids,
maize and mustard cake will probably remain the preferred in-
gredients by the feed industry and by farmers who produce their
own feed, since they are inexpensive sources of protein and car-
bohydrates, e.g., relative to soybean. Removal of carotenoids
from maize might be a future option for feed production. Techni-
cally, carotenoids can be extracted from maize by combined su-
percritical fluid extraction and activated carbon treatment (Sessa
et al., 2003) or by solvent extraction (Park et al., 1997). Presently,
these techniques are expensive and not suited for large-scale
production of maize for animal feeds.

Phytoplankton as a source of carotenoids

Pangasius is an omnivore species that may feed on algae (de-
pending on the size of the algae) and detritus in the ponds as a
supplement to added feed (The Fish Site, 2019). These addition-
al food sources might also contribute carotenoids to farmed fish.
In our study, abundance and composition of phytoplankton were
monitored and showed that green algae made up the most
abundant group of phytoplankton (Islam et al.; in preparation).
Common pigments in green algae are lutein, B-carotene, violax-
anthin, neoxanthin and zeaxanthin (Roy et al., 2011). Thus, inges-
tion of green algae in the ponds might have contributed carot-
enoids to the fish and added yellow color to the flesh.

In this study, the detection of carotenoids in pangasius that were
fed the experimental feeds with a very low carotenoid content
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(below 1 mg/kg) supports the view that the fish had an addition-
al source of pigments, being phytoplankton or detritus in the
ponds, but we cannot quantify this. Pigments extracted from
phytoplankton are commonly used in feeds for color enrichment
in fish (Shahidi et al., 1998), but it remains to be determined to
which extent pigmentation of fish flesh is due to digestion of
phytoplankton in aguaculture ponds.

CONCLUSION

In conclusion, this study demonstrates that pangasius with mini-
mum yellow color can be produced in earthen ponds with natu-
ral well water in Bangladesh. The change in flesh color requires
the application of low-carotenoid feeds and the introduction of
regular water exchange. Replacement of maize as a common
feed component by other ingredients, e.g., soybean meal, fish
meal or meat and bone meal, may raise the production costs of
the fish, but it may open the way for export to new markets for
the benefit of the Bangladeshi aquaculture industry.
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