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INTRODUCTION

Ornamental fish sector plays a vital role as a component of
international fish trade, fisheries, aquaculture and
development (FAO, 2014). Fish skin pigmentation, fin shape
and size of the fish are the major factors which determine the
market value of the ornamental fishes (Paripatananont et al.,
1999). Intensive culture of ornamental fishes under captivity
for a long duration results in faded or degraded colouration of
fishes (Saxena, 1994). Since fish cannot biosynthesize
carotenoids de novo like other animals and they rely on
aquatic vegetation in natural environment to meet their
carotenoid requirements. So it is essential to supplement
carotenoids in their diets (Chatzifotis et al., 2005). These
carotenoids are a group of naturally occurring lipid soluble
organic pigments that are responsible for the red, orange and
yellow colour in the skin, flesh, shell and exoskeleton of
aquatic animal (Pailan et al., 2012). Dietary carotenoids play
an important role in the regulation of skin and muscle colour
in fish (Ahilan et al., 2008). Various synthetic pigments like 4-
carotene, canthaxanthin, zeaxanthin, and astaxanthin have
been used as dietary supplements to enhance the
pigmentation of fish and crustaceans (Shahidi et al., 1998).

The study was carried out for a period of 45 days to elucidate the effect of marigold oleoresin on growth, survival
and pigmentation of rosy barb, Puntius conchonius. Fish with initial weights ranging from 0.44 g to 0.47 g were
fed with test diets T, T, T,and T, supplemented with marigold oleoresin at levels 0, 60, 120 and 180 ppm
respectively. At the end of the feeding trial the total carotenoid concentration in fish muscle found significantly
higher (p < 0.05) in both male (3.92+0.01 pgg') and female (3.35+0.02 ugg™) fishes fed diet incorporated with
120 ppm marigold oleoresin. Survival rate of fish significantly increased (p < 0.05) with the supplementation of
marigold oleoresin in the diet, highest being in 120 ppm level (96.66+3.33 %). However, there was no
significant effect observed in growth, feed conversion ratio and specific growth rate of the fishes. Carotenoid
content analysis from whole fish revealed that incorporation of dietary carotenoid resulted in a significant
increase in total carotenoid concentration. The study concluded that cheaper and natural colour enhancer diets
for rosy barb can be prepared using marigold oleoresin at 120 ppm level.

The increasing cost of synthetic pigments and the public
concerns on the use of synthetic additives, many alternative
natural carotenoid sources have also been studied (Jha et al.,
2012). Various dietary trials have been conducted on fishes
by supplementing different sources of natural carotenoid
pigments, such as yeast (Rhodotorula sanneii) (Savolainen &
Gyllenberg, 1970), chesnut flowers (Neamtu et al., 1976),
dried flowers (Torrissen et al., 1989), paprika (Capsicum
annum) (Tsushima et al., 1998), carrot (Daucus carota),
marigold petal (Tagetes erecta), China rose petal (Hibiscus
rosasinensis), rose petal (Rosa chinensis) (Ramamoorthy et
al., 2010; Pailan et al., 2012), Rosa indica, Ixora coccinea,
Crossandra infundibuliformiss (Joseph et al., 2011), Spirulina
(Guroy et al., 2012) and red pepper (Capsicum annum) (Maede
et al., 2013) can be potentially incorporated as a carotenoid
sources in the fish diet. Among these marigold (Tagetes erecta)
is a hardly annual branching herb grown in tropical regions
of India as loose flower and landscape plant but also as a
source of natural carotenoid pigment (Usha Bharathi et al.,
2014). Marigold (Tagetes erecta), a bright orange tropical
flower are a significant source of xanthophylls (Verghese, 1998)
and contains lutein as a principal component (Bolanos et al.,
2005). Marigold petal meal was used for the tiger barb (Puntius
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tetrazona), red swordtail (Xiphophorus helleri) and gold fish
(Carassius auratus L.) (Boonyarapatin and Lovell, 1977; Ezhil
et al., 2008; Alma et al., 2013) to enhance pigmentation.
Marigold flowers contain free fatty acids, waxes, sterols and
esterified lutein and its oleoresin is the hexane extract of the
dehydrated flowers.

With these in background, the present study was conducted
to evaluate the effect of supplementation of marigold oleoresin
on the growth and coloration of the rosy barb, Puntius
conchonius is one of the candidate species for tropical
aquariums.

MATERIALS AND METHODS

Feed ingredients and diet formulations

The ingredients used in the formulation of experimental diets
and proximate composition of diets are presented in Table 1
and 2 respectively. The analysis of proximate composition of
all the ingredients and the test diets was carried out by
employing standard methods (AOAC, 2005). A suspension of
marigold oleoresin was made in soybean oil by heating it up
to 55°C and was mixed with experimental diets on a slow
mixer. Three test diets namely T,, T, and T, comprising 30%
protein content were formulated using the square method
(Hardy, 1980). Diet T, had 60 ppm, T, had 120 ppm and T,
had 180 ppm marigold oleoresin, and a control diet (T ) was
formulated without marigold oleoresin. The carotenoid
quantity incorporated in the different diets was adjusted with
the quantity of rice bran.

Experimental protocol

The dietary trials were conducted in 12 fibre glass aquarium
tanks (20 L capacity) at the College of Fisheries, Mangalore,
Karnataka, India. Rosy barb seedlings of uniform size (0.44 g
to 0.47 g) which were bred and reared in the fish farm of
College of Fisheries were used for the study. The study was
carried out in triplicate for a period of 45 days. The stocking
density was maintained at 15 fishes per tank. The fishes were
fed at the rate of 5% of their body weight during the entire
period of the experiment. The feed was provided twice daily
at 08.00 h and 17.00 h. The fishes were sampled once in a
fortnight and measured individually to assess the growth. The
feeding rate was adjusted based on the weight of fish after
each sampling. Fecal matter and uneaten food was removed
daily. Water in the experimental tanks was replaced with fresh
and clean water every day to maintain optimal water quality.
The physico-chemical parameters of water were estimated
following standard methods (APHA, 1998). At the end of the
experimental period survival rate and wet weight of the fishes
were recorded. The growth parameters such as weight gain,
Relative growth rate (RGR), Specific growth rate (SGR) and Feed
conversion ratio (FCR) were calculated using the following
formulae.

Net weight gain (g) = Final mean weight — Initial mean weight

Relative growth rate (%) = [(Final mean weight — Initial mean
weight) / Initial mean weight] x100

Specific growth rate (%) = [(In final weight — In initial weight) /
Rearing period (day)] x100

Feed conversion ratio = Total dry feed offered (g) / Total wet
weight gain (g)

Carotenoid analysis

Total carotenoid concentration (TCC) in the muscle tissue of
both male and female fishes was analysed immediately after
the completion of experiment following the pigment extraction
method as described by Olson (1979). One gram body tissue
of Puntius conchonius separated from head and alimentary
canal was taken in a 10 ml screw caped clear glass vial and
added with 2.5 g of anhydrous sodium sulphate. The sample
was gently mashed and then 5 ml of chloroform was added
and left overnight at 0°C. When the chloroform formed a
clear layer of 1-2 cm above the caked residue, the optical
density was read at 380, 450, 470 and 500 nm, in
spectrophotometer (Systronics Visiscan-167) taking 0.3 ml
aliquots of chloroform diluted to 3 ml with absolute ethanol.
A blank prepared in a similar manner was used for
comparison. The wave length at which maximum absorption,
was used for the calculation.

Total carotenoid concentration (ug/g wet wt.) = [Absorption
at maximum wave length /(0.25 X sample weight (g)] x 10

Where, 10 = dilution factor; 0.25 = Extinction coefficient
Statistical analysis

The experimental results were tabulated and analyzed
statistically by using one-way analysis of variance (ANOVA).
Duncan’s multiple range test was used for mean separation

RESULTS

Water quality parameters

The physico-chemical parameters of water in the experimental
tanks during the experimental period are presented in Table
4. The water quality parameters were maintained within the
normal range required for tropical fishes viz., temperature 24
to 30°C, dissolved oxygen > 5 mg |, free carbon dioxide <
5 mg I'", ammonia-nitrogen < 0.1 mg "', pH 7 to 8.5 and total
alkalinity 50 to 300 mg I'' (Santhosh and Singh, 2007)
throughout the experimental period.

Growth and survival

The proximate composition of all the experimental diets was
almost similar and the protein content in the diets was
approximately 30 % (Table 2). The survival and growth rates
of the fishes at end of the experimental period are shown in
Table 3. There were no significant effects (p > 0.05) of marigold
oleoresin supplementation on growth parameters of rosy barb.
However, fishes fed with 120 ppm marigold oleoresin
supplemented diet showed marginally increased values in
net weight gain (0.68 +0.07 g), relative growth rate (145.46%),
specific growth rate (1.99%) and low feed conversion ratio
(1.43) than the other treatments and control group. Dietary
supplementation of marigold oleoresin significantly (p < 0.05)
affected the survival rate of the rosy barb. The survival rate of
fishes fed with marigold oleoresin incorporated diets and
control diet ranged from 76.66 % to 96.66 % (Table 3). Fishes
fed with diet containing 120 ppm marigold oleoresin had the
highest survival rate of 96.66 %.

Total carotenoid concentration (TCC)

Total carotenoid concentration of both male and female fishes
fed with experimental diets and control diet is given in Fig. 1.
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Table 1: Ingredients and their proportion in experimental diets

Diet ingredients(g/1000 g feed) T, T, T, T,

Fish meal 209.10 209.10 209.10 209.10
Soybean meal 209.10 209.10 209.10 209.10
Wheat flour 209.10 209.10 209.10 209.10
Groundnut cake 114.10 114.10 114.10 114.10
Rice bran 114.14 114.04 113.98 113.92
Tapioca flour 114.10 114.10 114.10 114.10
Soyabean oil 20.00 20.00 20.00 20.00
Witamins and mineral mix (Agrimin forte) 10.00 10.00 10.00 10.00
Marigold oleoresin - 0.06 0.12 0.18

Witamins and mineral mix (mgkg™ feed) (Vitamin A 700000 |U; Vitamin D3 70000 |U; Vitamin E 250 mg; Nicotinamide 1000 mg; Cobalt 150 mg; Copper 1200 mg; lodine 325 mg;
Iron 1500 mg; Magnesium 6000 mg; Potassium 100 mg; Sodium 5.9 mg; Manganese 1500 mg; Sulphur0.72%); Zinc 9600 mg; Calcium 25.5%; Phosphorus 12.75%)

Table 2: Proximate composition (%) of different experimental diets

Treatments Dry matter Moisture Protein Crude lipid Ash Crude fibre NFE*

T, (Control) 92.18+0.21 7.82+0.21 30.23+0.29 7.76+0.14 10.62+0.08 6.23+0.06 37.34+0.14
T, (60 ppm) 92.31+0.16 7.69+0.13 30.31+0.11 8.16+0.12 11.15+0.17 6.54+0.08 36.15+0.21
T,(120 ppm) 92.37+0.21 7.63+0.31 30.02+0.02 7.924+0.07 11.26+0.20 6.14+0.18 37.03+0.21
T, (180 ppm) 92.64+0.04 7.36+0.11 30.13+0.12 8.13+0.05 10.72+0.29 6.36+0.11 37.10+£0.10

Nitrogen free extract = 100- (% moisture + % crude protein + % crude lipid + % crude fibre + % ash)

Table 3: Growth performance, feed conversion ratio and survival rate of rosy barb fed different experimental diets

Diets

TO Tl TZ T3
Initial mean wt. (g) 0.44+0.01 0.45+0.01 0.47+0.01 0.45+0.02
Final mean wt. (g) 0.91+0.02 1.10+0.03 1.16+0.08 1.07+0.05
Net Weight Gain (g) 0.47+0.01 0.65+0.02 0.68+0.07 0.62+0.07
Relative Growth Rate (%) 106.81+0.15 144.94+10.16 145.46+12.86 137.30+9.45
SGR (%) 1.53+0.07 1.96+0.08 1.99+0.12 1.92+0.08
FCR 1.62+0.05 1.43+0.01 1.43+0.08 1.55+0.10
Survival rate (%) 76.66+3.33¢ 89.99+3.34% 96.66 +3.33? 83.33+3.33"¢

The means with different superscript in each row indicate a significant difference (p < 0.05). Each value isaMean + SE (n = 3).

Table 4: Physico-chemical parameters of water in the experimental
tanks during experimental period

Parameters Minimum Maximum
Temperature (°C) 27.0°C 30.5°C
Dissolved Oxygen (mg I") 6.20 7.14

pH 6.4 7.2

Free Carbon dioxide (mg I'") 1.49 2.23

Total alkalinity ( mg I CaCO,) 71 96
Ammonia- Nitrogen (ug ") 0.04 0.52

In general female fishes are lighter in colouration and fetches
low price in the market. In this study both female and male
fishes were evaluated separately for their carotenoid
concentration in muscle tissue after the end of feeding trial.
The fishes fed with diet having 120 ppm marigold oleoresin
contained the highest total carotenoid concentration of 3.92
ug g'and 3.35 pug g wet weight of muscle tissue in male and
female fishes respectively and which are significantly higher
than the other treatments (p < 0.05). In addition, the fishes fed
with 120 ppm marigold oleoresin incorporated diet showed
bright yellow to orange colouration than the other treatments
as shown in Fig. 2. The colour of fishes fed with 60 ppm
marigold oleoresin diet slightly resembled the colour of fishes
fed with 120 ppm incorporated diet. The fishes showed faded
colouration when fed with diets having higher inclusion levels
of marigold oleoresin.

DISCUSSION

The effects of carotenoids on growth and survival of aquatic
animals are controversial (Jha et al., 2012). Many studies on
the effect of incorporation of carotenoid in the diets of fishes
like Atlantic salmon fry (Salmo salar), rainbow trout
(Oncorhyncus mykiss), goldfish (Carassius auratus) and
characins (Hyphessobrycon callistus) have shown positive
effect on growth and survival of the fishes. (Christiansen et al.,
1995; De la Mora et al., 2006; Sinha and Asimi, 2007; Pan et
al., 2010). Where as, the studies conducted to evaluate the
effects of dietary carotenoids on fishes like porgy (Pagrus
auratus & Pagrus pagrus) (Chatzifotis et al., 2005; Kalinowsky
et al., 2005), characins (Hyphessobrycon callistus) (Wang et
al., 2006), Cichlasoma severum (Kop et al., 2010), marine
ornamental fish (Amphiprion ocellaris) (Ramamoorthy et al.,
2010) and goldfish (Carassius auratus L.) (Alma et al., 2013)
have not shown any significant effects on growth and survival
when compared with fish fed with control diet. In our previous
study, diet containing 60 ppm marigold oleoresin improved
the growth of orange chromide (Etroplus maculatus) with
respect to specific growth rate, relative growth rate, and absolute
growth rate. But there was no significant effect found in FCR
and survival rate of fish (Jagadeesh et al., 2014). The results
obtained in the present study are comparable with the recent
studies conducted by Ramamoorthy et al. (2010) and Alma
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Figure 1: Total Carotenoid Concentration (ug/g wet wt.) of male and
female fishes fed with diets containing marigold oleoresin at different
incorporation levels
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Figure 2: Differences in colour of male and female fishes fed with
different experimental diets

et al. (2013) where they reported that incorporation of marigold
meal in fish diet do not promote the growth of fish. Similar to
our previous study on Etroplus maculatus the fishes fed with
diet having marigold oleoresin contained the highest total
carotenoid concentration (Jagadeesh et al., 2014). Jha et al.
(2012) observed that dietary supplementation of marigold
flower meal at 10% produced the highest carotenoid
deposition in the flesh of Snow Trout (Schizothorax
richardsonii). Adnankhan et al. (2015) tested dietary inclusion
of plant sources such as marigold and Ixora at 5% as pigment
enhancers in the diet of sword tail (Xiphophorus helleri) and

observed the maximum carotenoid content in treatment groups
fed with Marigold diet followed by Ixora diet. The carotenoid
source and its effectiveness on deposition of pigments in fish
body is species specific (Ha et al., 1993). Also sexual
dichromatism is often common in several fish species. In
general males are more brightly coloured than their female
counterparts (Rinku Gogoi et al., 2013). In the present study
even female fishes fed with carotenoid diets also exhibit the
remarkable pigmentation due to increased total carotenoid
concentration in their body. Fish species may exhibit varying
pathways for carotenoid metabolism (Matsuno, 2001). Alma
et al. (2013) reported that 200 mg of carotenoids from marigold
meal is optimum to increase the pigmentation in skin of goldfish
and over that level they have not found any additional
accumulation of carotenoids. Similarly, in the present study,
fish fed with 120 ppm marigold oleoresin diet showed
increased level of carotenoids in their muscle tissue than other
treatment fishes. The extended levels of marigold oleoresin
did not show any increase in the colour of the fishes. The
dietary supplementation of marigold oleoresin did not have
any remarkable effects on growth of rosy barb. The results of
this study thus showed increased survival rate and carotenoid
deposition in the muscle tissue of both male and female fishes
with the incorporation of marigold oleoresin at an optimal
level (120ppm) in diet. So, marigold oleoresin, a cheap source
of carotenoids is easily available and could be effectively utilised
to increase colouration of rosy barb. Hence the findings of
this investigation could be taken advantage of in the rearing of
the ornamental rosy barb, Puntius conchonius.

ACKNOWLEDGEMENT 1

Authors are thankful to M/S Avesthagen Ltd, Bangalore, for
supplying carotenoids to conduct research.

REFERENCES 1

Adnankhan Golandaj., Shyama, S., Dinesh, K., Sreenath, V. R. and
Sagarika Swain. 2015. Colour enhancement potential of selected local
flowers in Sword tail, Xiphophorus helleri through dietary
incorporation. Res. J. Recent. Sci. 4: 37-43.

Ahilan, B., Jegan, K., Felix, N. and Ravaneswaran, K. 2008. Influence
of botanical additives on the growth and colouration of adult goldfish,
Carassius auratus (Linnaeus). Tamil Nadu J. Vet. Animal Sci. 4(4):
129-134.

Alma, A. del Villar-Martinez, Juan, C. Orbe-Rogel, Pablo, E., Vanegas-
Espinoza, Adrian G. Quintero- Gutierrez and Maurilio Lara-Flores.
2013. The effect of marigold (Tagetes erecta) as natural carotenoid
source for the pigmentation of goldfish (Carassius auratus L.). Res. J.
Fish. and Hydrobio. 8(2): 31-37.

AOAC. 2005. Official Methods of Analysis of AOAC, 18th edn.
(Horwitz, W. Ed), AOAC, Washington. D.C. 1094.

APHA, American Public Health Association. 1998. Standard Methods
for the Examination of Water and Waste Water. American Public
Health Association, Washington D.C.

Bolanos, N., Rangel-Cruz, J. L., Jimenez-Islas, C. L., Botello-Alvarez,
H. E. and Rico-Martinez, R. 2005. Pre-treatment effects on the
extraction efficiency of xanthopylls from marigold flower (Tagetes
erecta) using hexane. Food Res. Internat. 38: 159-165.

Boonyarapatin, M. and. Lovell, R. T. 1977. Diet preparation for
aquarium fish. Aquaculture. 12: 53-62.




EFFECTS OF SUPPLEMENTATION OF MARIGOLD

Chatzifotis, S., Pavalidis, M., Jimeno, C. M., Vardanis, G., Sterioti,
A. and Divanach, P. 2005. The effect of different carotenoid sources
on skin coloration of cultured red porgy (Pagrus pagrus). Aquac. Res.
36: 1517-1525.

Christiansen, R., Lie, O. and Torrissen, O. J. 1995. Growth and
survival of Atlantic salmon, Salmo salar L., fed different dietary levels
of astaxanthin. First-feeding fry. Aquacult. Nutri. 1: 189-198.

De la Mora, G. I., Arredondo-Figueroa, J .L., Ponce-Palafox, J. T,
Barriga-Sosa, I. A. and Vernon-Carter, J. E. 2006. Comparison of red
chilli (Capsium annuum) oleoresin and astaxanthin on rainbow trout
(Oncorhynchus mykiss) fillet pigmentation. Aquacult. 258: 487-495.

Ezhil, J., Jeyanthi, C. and Narayanan, M. 2008. Marigold as a
carotenoid source on pigmentation and growth of red swordtail,
Xiphophorus helleri. Turkish J. Fish. Aquac. Sci. 8: 99-102.

FAO. 2014. www.fao.org/fishery/topic/13611/en

Guroy, B., Sahin, 1., Mantoglu, S. and Kayal, S. 2012. Spirulina as a
natural carotenoid source on growth, pigmentation and reproductive
performance of yellow tail cichlid Pseudotropheus acei. Aquac. Int.,
20(5): 869-878.

Ha, B. S., Kang, D. S., Kim, J. H., Choi, O. S. and Ryu, H. Y. 1993.
Metabolism of dietary carotenoids and effects to improve the body
colour of cultured flounder and red sea bream. Bull. of Korean Fish.
Socie. 26: 91-101.

Hardy, R. 1980. Fish feed formulation, In: Fish feed Technology,
Agriculture development coordination programme. FAO/ADCP/Rep.
80(1-1): 233-239.

Jagadeesh, T. D., Shivananda Murthy, H., Himanshu Swain, S.,
Chetan, N., Manjunatha, A. R. and Varun Baglodi. 2014. Effect of
marigold oleoresin on growth, survival and pigmentation in orange
chromide, Ftroplus maculatus (Bloch, 1795). Fish. Technol. 51: 25-
30.

Jha, G. N., Debajit Sarma, Qureshi, T. A. and Akhtar, M. S. 2012.
Effect of Marigold Flower and Beetroot Meals on Growth Performance,
Carcass Composition, and Total Carotenoids of Snow Trout
(Schizothorax richardsonii). Israili. J. Aquac. Bamidgeh. 64: 752-7
pages.

Joseph, B., Sujath, S., Jemima Shalin, J. and Palavesam, A. 2011.
Influence of four ornamental flowers on the growth and colouration
of orange sword tail Chicilidae fish (Xiphophorus hellerei, Heckel,
1940). Int. J. Biol. Med. Res. 2(3): 621-626.

Kalinowski, C. T., Robaina, L. E., Fernadez-Palacios, H., Schuchardt,
D. and lzquierdo, M. S. 2005. Effect of different carotenoid sources
and their dietary levels on red porgy (Pagrus pagrus) growth and skin
colour. Aquacult. 244: 223-231.

Kop, A., Durmaz, Y. and Hekimoglu, M. 2010. Effect of natural
pigment sources on colouration of cichlid (Cichlasoma severum sp.
Heckel, 1840). J. Ani. and Vet. Adv. 9: 566-569.

Maede Talebi, Hossein Khara, Jalil Zoriehzahra, Shayan Ghobadi,
Arezo Khodabandelo and Elham Mirrasooli. 2013. Study on Effect of
Red Bell Pepper on Growth, Pigmentation and Blood Factors of
Rainbow Trout (Oncorhynchus mykiss). World J. Zool. 8(1): 17-23.
Matsuno, T. 2001. Aquatic animal carotenoids. Fish. Sci. 67: 771-
783.

Neamtu, G. G., Weaver, C. M., Wolke, R. E. and Simpson, K. L.
1976. The pigmentation of rainbow trout with extracts of floral parts

from Aesculus. Review Roumaine de Biochime. 13: 25-30.

Olson, A. 1979. A simple dual assay for Vit. A and carotenoids in
human and liver. Nutrition report international. 19: 807-813.

Pailan, G. H., Archana Sinha and Mrinal Kumar 2012. Rose Petals
Meal as Natural Carotenoid Source in Pigmentation and Growth of
Rosy Barb (Puntius Conchonius). Indian J. Anim. Nutr. 29(3): 291-
296.

Pan, C. H., Chien, Y. H. and Wang, Y. J. 2010. The antioxidant
capacity response to hipoxia stress during transportation of characins
(Hyphessobrycon callistus Boulenger) fed diets supplemented with
carotenoids. Aquacult. Res. 41: 973-981.

Paripatananont, T., Tangtrongpairoj, )., Sailasuta, A. and Chansue,
N. 1999. Effect of astaxanthin on pigmentation of goldfish (Carassius
auratus). J. World Aquac. Soc. 30: 454-460.

Ramamoorthy, K., Bhuvaneswari, S., Sankar, G. and Sakkaravarthi,
K. 2010. Proximate composition and carotenoid content of natural
carotenoid sources and its colour enhancement on marine ornamental
fish Amphiprion ocellaris (Cuveir 1880). World J. Fish. Mar. Sci. 2(6):
545-550.

Rinku Gogoi, Behera, S., Bibha Chetia Borah and Sonmoina Bhuyan.
2013. Sexual dimorphism and gonadal development of a rare murrel
species Channa bleheri (Bleher) in Assam. The Bioscan. 8(4): 1265-
1269.

Santhosh, B. and Singh, N. P. 2007. Guidelines for water quality
management for fish culture in Tripura, ICAR Research Complex for
NEH Region, Tripura Centre, Publication no. 29.

Savolainen, J. R. T. and Gyllenberg, H. G. 1970. Feeding of rainbow
trout with Rhodotorula sanneii preparations. Il. Amounts and qualities
of carotenoids. Lebensm-Wiss Technology. 3: 18-20.

Saxena, A. 1994. Health; colouration of fish. Proceedings of
International Symposium on Aquatic Animal Health: Program and
Abstracts. University of California, School of Veterinary Medicine,
Davis, CA, (Abstr.). p. 94.

Shahidi, F., Metusalach and Brown, . A. 1998. Carotenoid pigments
in seafoods and aquaculture. Critic. Rev. Food Sci. Nutr., 38: 1-67.

Sinha, A. and Asimi, O. A. 2007. China rose (Hibiscus rosasinensis)
petals: a potent natural carotenoid source for goldfish (Carassius
auratus L.). Aquacult. Res. 38: 1123-1128.

Torrissen, O. )., Hardy, R. W. and Shearer, K. D. 1989. Pigmentation
of salmonids: carotenoid deposition and metabolism. Rev. in Aqua.
Sci. 1: 209-225.

Tsushima, M., Hidetada, N. and Takao, M. 1998. The accumulation
of pigments from paprika in the integument of goldfish, Carassius
auratus. Fish. Sci. 64: 656-657.

Usha Bharathi, T., Jawaharlal, M., Kannan, M., Manivannan, N. and
Raveendran, M. 2014. Correlation and path analysis in African
marigold (Tagetes erecta L.). The Bioscan. (Supplement on Genetics
and Plant Breeding) 9(4): 1673-1676.

Verghese, J. 1998. Focus on xanthophylls from Tagetes erecta L the
giant natural complex I. Indian Spices. 33(4): 8-13.

Wang, Y. J., Chien, Y. H. and. Pan, C. H. 2006. Effects of dietary
supplementation of carotenoids on survival, growth, pigmentation,
and antioxidant capacity of characins, Hyphessobrycon callistus.
Aquacult. 261: 641-648.







