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Abstract
This study was conducted to evaluate the effects of diets, including 0.5, 2 and 4.4% dried hot or 
sweet red pepper and a control diet without added red pepper, on pigmentation, sensory proper-
ties and weight gain of rainbow trout, with average initial weight of 60 g, for a rearing period of  
80 days. Both red pepper types had similar effects on the carotenoid accumulation, weight gain and 
sensorial properties of the fish (P>0.05). Total carotenoid accumulation in the fish muscle increased 
significantly with increasing inclusion of red peppers. However, only the diet consisting of 4.4% 
hot or sweet red pepper provided adequate carotenoid accumulation in the fillet of the fish, that 
is, the desired colouration in the fish. Fish fed diets containing red peppers exhibited higher ap-
pearance and colour scores compared to control group (P<0.05). Irrespective of being hot or sweet, 
red pepper can be successfully used as an alternative natural carotenoid source in rainbow trout  
diets.
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Colour of fish flesh is one of the important quality parameters (Sigurgisladottir et 
al., 1997) because of consumer preference for red or pink-coloured products of sal-
monid fishes (Ostrander et al., 1976; Hatano et al., 1987; Gormley, 1992; Rounds et 
al., 1992; Sigurgisladottir et al., 1994; Skonberg et al., 1998). Therefore, adding ca-
rotenoid pigments into diet is regarded as one of the common management practices 
for marketing of farmed salmon (Moe, 1990). Carotenoids, especially astaxanthin, 
are responsible for providing the typical colour of salmonid muscle (Ando et al., 
1992; Storebakken and No, 1992). In addition to pigmentation, carotenoids have also 
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some other significant benefits to human being since there are increasing evidences 
that they decrease the risk of some cancers, cardiovascular diseases, and some other 
diseases (Ziegler, 1989; Gaziano and Hennekens, 1993; Mayne, 1996) and act as 
antioxidants (Palozza and Krinsky, 1992; Krinsky, 1993) and precursor of vitamin A 
(Devery and Milborrow, 1994; Nagao et al., 1996). Because fish, like other animals, 
are not able to synthesize carotenoids de novo (Goodwin, 1984), they have to obtain 
them from dietary sources. Fillet pigmentation of salmonids has been accomplished 
by suplementing their diets with synthetic carotenoids such as astaxanthin and can-
thaxanthin. However, recent efforts have focused on natural compounds as alterna-
tive to synthetic carotenoids because of concerns about the use of synthetic additives 
and their high cost. 

Red pepper (Capsicum annuum) is a good natural carotenoid source, and also in-
expensive and abundant in Turkey. Red pepper contains 1500–2500 mg total carotenoids 
kg-1 (Erkek and Taluğ, 1990; Ergün and Erdem, 2000; Topuz and Özdemir, 2007) with the 
majority being keto-carotenoids, such as capsanthin and capsorubin, each of which has 
an important role in red pigmentation of trout (Torrissen et al., 1989). It has been shown 
that red pepper could be used for pigmentation of salmonids (Vernon-Carter et al., 
1994; Yanar et al., 1997; Talebi et al., 2013) and Pacific white shrimps (Arredondo- 
-Figueroa et al., 2003). In addition to pigmentation, it has been reported that carot-
enoids from red pepper increased growth in rainbow trout (Talebi et al., 2013) and 
improved reproductive performance in yellow tail (Agius et al., 2001; Agius et al., 
2002). However, there is currently no information available on what type of red pep-
per (hot or sweet) is more suitable for pigmentation, growth or sensorial properties 
in aquatic animals. It is suggested that capsaicin, responsible for the hot taste in the 
red pepper, increased yolk pigmentation in laying hens (Gurocak, 1983; Gonzalez et 
al., 1999; Vicente et al., 2007) and improved weight gain and feed conversion ratio in 
broilers (Galib et al., 2011). Therefore, similar effects might be also observed in fish. 

The present study was designed to determine the effects of diets including vari-
ous levels of hot or sweet red pepper on pigmentation, sensory properties and weight 
gain in rainbow trout. 

Material and methods

Experimental procedure 
This experiment was carried out in floating net cages (1×1×1 m) between Febru-

ary and June, in the Sir Dam Lake, Turkey. The fish were obtained from a local com-
mercial breeder and acclimated to the experimental conditions in some net cages for 
two weeks before the experiment. During this period, the fish were fed the control 
diet (or basal diet). Thirty-five rainbow trout, Onchorhynchus mykiss with average 
initial weight of 58–60 g were stocked per cage with two replicates for each experi-
mental diet.

The fish were fed ad libitum by hand three times a day during the experimental 
period of 80 days. Body weight and total carotenoid content of fillet were measured 
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every 20 days. All the fish were used for growth, but four individuals from each 
cage were evaluated for carotenoid analysis. During the measurements, the fish were 
anaesthetized using 2-phenoxyethol at a dose of 0.15 ml L–1.

Water temperature, pH and dissolved oxygen level were measured daily. Through-
out the experiment period, the temperature was between 7 and 12°C, dissolved oxy-
gen level was above 8.5 mg L–1 and pH was around 7.3. 

Experiments were conducted according to the European Council Directive 6/609/
EEC regarding the protection of animals used for experimental and other scientific 
purposes.

Feeding trial
Seven isonitrogenous and isoenergetic experimental diets were prepared by add-

ing various levels of dried hot and sweet red pepper to the basal diet. Experimental 
diets were designed as follows: 

– Diet without any pigment sources (control diet)
– Diet supplemented with 0.5% hot red pepper (containing 7.5 mg total carot-

enoid and 3.02 mg capsaicin kg–1)
– Diet supplemented with 2% hot red pepper (containing 30 mg total carotenoid 

and 12.10 mg capsaicin kg–1)
– Diet supplemented with 4.4% hot red pepper (containing 65 mg total carotenoid 

and 26.62 mg capsaicin kg–1)
– Diet supplemented with 0.5% sweet red pepper (containing 7.5 mg total carot-

enoid and 0.21 mg capsaicin kg–1)
– Diet supplemented with 2% sweet red pepper (containing 30 mg total carot-

enoid and 0.84 mg capsaicin kg–1)
– Diet supplemented with 4.4% sweet red pepper (containing 65 mg total carot-

enoid and 1.85 mg capsaicin kg–1)

Table 1. Main feed ingredients and proximate composition of basal diet

Feed ingredients Percentage (%) Chemical composition Percentage (%)

Fish meal 47.5 Crude protein 44.5

Soybean meal 21 Crude fat 20.1

Corn flour 15 Crude cellulose 2.89

Fish oil 4 Crude ash 13

Sunflower oil 10 Dry matter 88

Di calcium phosphate 0.5 Energy content (ME kg/cal) 4100

Methionine 0.5

Lysine 0.5

*Vitamins and minerals 1

* Supplied per kilogram of feed: 25.000 i.u. vitamin A; 2000 i.u. vitamin D3; 100 i.u. vitamin E; 150 mg 
vitamin C; 15 mg vitamin K; 20 mg thiamine; 30 mg vitamin B2; 10 mg pantothenic acid; 20 mg pyridoxin;  
210 mg inositol; 2000 mg choline; 0.05 mg vitamin B12; 220 mg niacin; 0.5 mg biotin; 5 mg folic acid; 70 mg Zn; 
60 mg Mg; 4 mg Fe; 20 mg Cu; 0.5 mg Co; 0.05 mg Se.
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Table 2. Proximate composition, carotenoid and capsaicin contents of dried red peppers 

Carotenoid 
sources

Crude protein 
%

Crude
fat %

Crude cellulose 
%

Carotenoid content 
(mg/kg)

Capsaicin content 
(mg/kg)

Sweet red pepper 12.3 16.1 21.1 1495 42

Hot red pepper 12.1 16.4 24.1 1503 605

Dietary feed ingredients were ground into a meal with a laboratory grinder, and 
then blended into a homogenous doughy consistency by adding water and pelleted 
by pressing through a 3 mm die in a grinding machine. The pellets were then stored 
in plastic containers in a freezer at –20ºC until required. They were thawed before 
being fed to the fish. The feed ingredients used were provided by Pinar A.Ş., Izmir, 
Turkey, and hot and sweet red peppers by local producers. Leaves of both red pep-
pers were dried in the shade, ground into meal, and then added to the basal diet at 
different levels. 

Red peppers were harvested in Kahramanmaraş, Turkey in September. The con-
tents of basal diet and red peppers are shown in Table l and Table 2, respectively.

Proximate composition analysis
Lipid was analysed by the method of Bligh and Dyer (1959). Ash and moisture 

contents were determined following AOAC (1984). Crude protein content was cal- 
culated by converting the nitrogen content determined by Kjeldahl’s method 
(6.25×N) (AOAC, 1984), while crude cellulose was determined as described by 
AOAC (1990). 

Capsaicin analysis
Capsaicin from red pepper was determined by method of Woodbury (1980). 

Sweet and hot red pepper samples were obtained by Soxhlet extraction of 10 g of 
ground peppers with 250 ml of HPLC grade acetone (Merck) for 5 hours. The sam-
ples were vacuum evaporated to 5 ml at room temperature. Bisphenol A (Aldrich), 
a common antioxidant, was used as an internal standard. 1 g of oleoresin and 30 
mg Bisphenol A were dissolved in 5 ml acetonitrile (Merck). A 2 ml aliquot was fil-
tered through a Sep-Pak C-18 cartridge (Alltech). Ten micro litres of these samples 
were then injected directly to the HPLC system (Waters Associates Model ALC/
GPC equipped with M.6000A pump, a U6K injection). µ-Bondapak C-18 column  
(300×4 mm, 5 µm) was used and separation was performed by mobile phase, metha-
nol: water (60:40), with a flow rate of 0.8 mL min-1. Capsaicin (Sigma, 98%) was 
identified using a standard. Standard curves were prepared using serial dilutions  
of 50, 100, 200, and 400. Capsaicin content of two pepper types was presented in 
Table 1. 

Carotenoid analysis
The carotenoid content of fish muscles was extracted according to the method 

of Torrissen and Naevdal (1984). Four fish were randomly sampled from each diet 
treatment per sampling period and used for carotenoid analyses, which were carried 
out in triplicate. Samples of 1–2 g muscles without bone and adipose tissue, were 
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collected by vertical cut in the abdominal cavity between the pelvis and anus and 
homogenized by a homogenizer before transferring to 10 ml preweighed glass tubes. 
After the samples were ground in acetone containing anhydrous sodium sulphate 
with a homogenizer (Ultra-Turrax Roche T 25 Basic), the extractions were made up 
to 10 mL with acetone. The samples were stored for 3 days at 4°C in a refrigerator, 
and then extracted three or four times until no more colour could be obtained. The 
solutions were centrifuged at 5000 rpm for 5 min, and then their absorptions were 
measured in a spectrophotometer (Shimadzu, UV mini 1240). A similar method was 
used for the total carotenoid analysis of dried red peppers, but anhydrous sodium sul-
phate was not needed. Total carotenoid concentration in the fish fillet was determined 
spectrophotometrically in acetone using extinction coefficients (E 1%, 1cm) of 1900 for 
astaxanthin (Foss et al., 1984) at 475 nm, and 2500 for carotenoids from both red 
peppers at 450 nm (Schiedt and Liaaen-Jensen, 1995). Total carotenoid content of 
dried red peppers is given in Table 1. 

Sensory analysis
Sensory evaluation was performed only for fish fed diets containing 4.4% hot 

or sweet red pepper and control group. Five expert panellists evaluated the differ-
ences in the taste, flavour and appearance using a 5-point hedonic scale (1=like a 
lot, 3=neither like nor dislike, 5=dislike a lot) (Meilgaard et al., 1991). Before pre-
senting to the panellists, whole and filleted fish were placed in a dish for evaluating 
appearances. For taste and flavour analyses the samples (skinless fillet) were cooked 
individually in a microwave oven at full power (1200 watt) for 5 min and immedi-
ately presented to the panellists. The colour assessment was performed in the muscle 
using the Roche colour card for salmonids. Panel tests were repeated three times. 
Average scores for each parameter were calculated. Samples were served the tasters 
in isolated booths illuminated with white light. The taste analyses were conducted in  
a dark room to prevent any colour differences from influencing panellists’ percep-
tions of taste. Distilled water was freely available for palate to clean their mouth 
prior to and during tasting.

Statistical analysis
Data on weight gain of the fish and total carotenoid content of fish fillet are ex-

pressed as means ± s.e. Data from each treatment diet for each sampling period were 
analysed by one-way ANOVA, and significant differences (if present) were ranked 
with Duncan’s multiple comparison test at the 5% level of significance by using SPSS 
11 for Windows. Sensory data were analysed by non-parametric Kruskal-Wallis test.

Results

Growth
All fish grew normally, and no specific signs of disease were observed. All diets 

were accepted equally well by the fish. Fish weight increased 3-fold at the end of the 
feeding trial of 80 days. While average initial weights of fish were 58.0 to 60.1 g, 
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they varied between 178.92 and 194.30 g at the end of the experiment (Table 3); 
however, there was no significant difference in the weight gain of the fish (P>0.05). 
Similar results were observed on fish length, condition factor, specific growth rate 
and feed conversion ratio (Table 4).

Table 3. Average weights of the fish fed different diets

Diets
The average weight of the fish (g)

Day 0 Day 20 Day 40 Day 60 Day 80
0.5% Hot red pepper 60.12±0.55 82.71±0.98 108.51±1.40 140.03±2.17 184.16±3.6
2% Hot red pepper 57.97±0.56 80.62±0.90 105.29±1.49 136.83±2.31 179.53±2.96
4.4% Hot red pepper 59.74±0.52 82.21±0.83 106.96±1.66 136.78±2.63 182.04±3.81
0.5% Sweet red pepper 57.95±0.55 80.28±0.84 107.71±1.50 136.87±2.23 179.65±3.17
2% Sweet red pepper 58.33±0.57 80.96±0.89 106.11±1.51 136.86±2.21 178.92±3.11
4.4% Sweet red pepper 58.52±0.52 79.31±0.86 106.31±1.51 138.80±2.55 184.05±4.19
Without red pepper 58.94±0.58 83.38±0.91 111.54±1.47 145.25±2.19 194.30±3.14

Each value is a mean ± s.e. (n=2 replicates). Each replicate consists of measurement of 35 fish (P>0.5).

Table 4. Some final culture parameters of the fish fed different diets (P>0.05)

Diets
Final culture parameters of the fish 

Length 
(cm)

Condition 
factor

Specific growth 
rate

Feed conversion 
ratio

0.5% Hot red pepper 24.16±0.13 1.25±0.009 1.36±0.09 1.30±0.09

2% Hot red pepper 23.79±0.13 1.25±0.010 1.38±0.12 1.31±0.08

4.4% Hot red pepper 23.97±0.14 1.24±0.010 1.39±0.10 1.32±0.08

0.5% Sweet red pepper 23.87±0.14 1.24±0.010 1.39±0.11 1.31±0.07

2% Sweet red pepper 23.75±0.12 1.24±0.010 1.37±0.11 1.31±0.09

4.4% Sweet red pepper 24.09±0.15 1.24±0.010 1.40±0.08 1.29±0.09

Without red pepper 24.20±0.12 1.26±0.006 1.43±0.12 1.22±0.11

Each value is a mean±s.e. (n=8)(P>0.5).

Pigmentation and sensory properties
As shown in Table 5, after 20 days of feeding, the total carotenoid content in fillet 

of the fish fed diets supplemented with increasing amount of red peppers in diet start-
ed to differ from that of the fish fed control diet. At the beginning of the experiment, 
while carotenoid level in the fish fillet was 0.57 mg kg–1, this value rose significantly 
at the end of the experiment to 1.63–4.36 mg kg–1 in that of fish fed diets containing 
red peppers. On the other hand, the carotenoid content of the control group increased 
to only 1.44 mg kg–1 in same period. Hot or sweet red peppers addition of 2 and 4.4% 
in diet led to more total carotenoid accumulation in the fish fillet compared to the 
red peppers addition of 0.5% and control diet at the end of the experiment (P<0.05). 
On the other hand, the total carotenoid depositions between the fillet of fish fed diets 
containing the same percentage of sweet and hot red pepper were not significantly 
different (P>0.05).
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As can be seen in Table 6, the effects of hot or sweet red pepper on all the senso-
rial properties of fish fillet were found similar (P>0.05). On the other hand, fish fed 
both types of red pepper exhibited higher appearance and colour scores compared to 
the control group (P<0.05).

Table 5. Total carotenoid contents in the fillet of fish fed different diets

Diets
Total carotenoid contents (mg/kg ) on sampling days

Day 0 Day 20 Day 40 Day 60 Day 80

0.5% Hot red pepper 0.57±0.01 a 1.01±0.09 dcb 1.07±0.12 c 1.30±0.19 c 1.73±0.14 c

2% Hot red pepper 0.57±0.01 a 1.16±0.08 cb 1.85±0.17 b 2.27±0.21 b 2.79±0.24 b

4.4% Hot red pepper 0.57±0.01 a 1.76±0.21 a 2.87±0.22 a 3.63±0.16 a 4.36±0.29 a

0.5% Sweet red pepper 0.57±0.01 a 0.95±0.11 dc 1.08±0.26 c 1.29±0.14 c 1.63±0.10 c

2% Sweet red pepper 0.57±0.01 a 1.17±0.09 b 1.84±0.18 b 2.26±0.14 b 2.77±0.25 b

4.4% Sweet red pepper 0.57±0.01 a 1.77±0.13 a 2.76±0.23 a 3.49±0.26 a 4.27±0.21 a

Without red pepper 0.57±0.01 a 0.84±0.16 d 0.99±0.18 c 1.18±0.18 c 1.44±0.12 c

Each value is a mean ± s.e. Each replicate consists of measurement of four fish. Means within the same 
column with different letters are significantly different from each other for each sampling day (P<0.05).

Table 6. Sensory scores in the fillet of the fish fed hot and sweet red pepper diets

Diets
Sensory scores

Taste Flavour Appearance Colour

4.4% Sweet red pepper 4.85±0.05 a 4.18±0.06 a 4.04±0.06 a 13.18±0.18 a

4.4% Hot red pepper 4.90±0.07 a 4.25±0.03 a 4.09±0.04 a 13.23±0.20 a

Without red pepper 4.79±0.06 a 4.12±0.05 a 2.13±0.06 b 11.66±0.22 b
Each value is a mean ± s.e. (n=5). Means within the same column with different letters are significantly dif-

ferent from each other for each sampling day (P<0.05).

 Discussion

The present results indicate that capsaicin, responsible for the hot taste in red 
pepper, did not affect growth parameters, total carotenoid accumulation and sensory 
properties in the rainbow trout. In a different animal group, it has been claimed that 
capsaicin from red pepper leads to more weight gain in broilers (Galib et al., 2011) 
and increases carotenoid deposition of yolk in laying hens (Gurocak, 1983; Gonzalez 
et al., 1999; Vicente et al., 2007). However, a study on this topic in fish has not yet 
been encountered. Furthermore, although it has been claimed that carotenoid from 
red pepper increased growth in rainbow trout (Talebi et al., 2013) and improved re-
productive performance in yellow tail (Agius et al., 2001; Agius et al., 2002), in our 
study, we have not found any significant effects of carotenoids on growth parameters of 
rainbow trout. 

Total carotenoid accumulation in the fish muscle increased significantly with in-
creasing inclusion of sweet or hot red pepper in the current study. However, only the 
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diet consisting of 4.4% red peppers provided adequate carotenoid accumulation in 
fillet of the fish, that is, the desired colouration with 4.27–4.36 mg kg-1 carotenoid 
deposition in the tissue, since the level of 4 mg/kg in the fish fillet is regarded as  
a minimum acceptable carotenoid concentration in marketable farmed salmonids 
(Torrisen et al., 1989). In other studies on red pepper, carotenoid contents found 
in rainbow trout fillet varied from 1.5 mg kg-1 to 5.6 mg kg-1 depending on feeding 
period and red pepper level in diet (Vernon-Carter et al., 1994; Yanar et al., 1997; 
Akhtar et al., 1999; Ergun and Erdem, 2000; Diler and Gökoğlu, 2004). 

Although hot and sweet red pepper had similar effects on sensorial properties 
of the fish, a significant difference was observed between the fish fed diets supple-
mented with or without carotenoids in terms of colour and appearance. Diler and 
Gökoğlu (2004) stated that, besides colour scores and appearance, taste scores of fil-
lets from fish fed with red pepper were also found to be higher than those of control 
group. The authors pointed that the taste perception of the panellists might have been 
affected by the fish colour. In fact, it is known that fish colour and appearance have 
influences on several quality parameters of fish, such as freshness, taste and flavour 
of fish (Anderson, 2000). In our study, because of this risk, we performed the tasting 
procedure in complete darkness. 

As a colour score of 13 or greater obtained using the Roche Colour Card was 
considered to be an intensity of colour suitable for marketed fish (Smith et al., 1992), 
the levels of 13.18–13.23 colour score obtained with 4.4% hot or sweet red pepper 
was thought to be adequate for desired colouration in the fish in the current study.

Price of 1 kg of red pepper is 2.5 dollars in Turkey. Therefore, the calculated cost 
of 4.4% red pepper containing 66 mg total carotenoid in 1 kg feed is $0.11. This 
value is similar to the cost of the same amount of synthetic astaxanthine ($0.10). 
Even though it is claimed that synthetic astaxanthin provides more carotenoid ac-
cumulation compared to red pepper (Vernon-Carter et al., 1994; Yanar et al., 1997), 
because of public concerns about the use of synthetic additives, red pepper may be an 
alternative natural carotenoid source for pigmentation of salmonids, particularly in 
countries where this carotenoid source is cheap, the use of synthetic pigments in fish 
diets is restricted or organic fish culture is performed. Based on our results, it should 
also be noted that the type of red pepper to be used in pigmentation of salmonids is 
not important.

Conclusions
Since both hot and sweet red pepper had the same effect on the growth, pigmenta-

tion and sensory properties of the fish, both types can be considered as appropriate to 
be utilized as alternative natural carotenoid sources in rainbow trout diets. In order 
to obtain the desired colouration, a level of at least 4.4% dried red pepper inclusions 
into diets can be recommended.
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