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A B S T R A C T   

The skin color of koi carp (Cyprinus carpio L.) is one of the traits that most influence their ornamental and 
economic values. The present study suggested the effects of temperature fluctuation on koi carp in terms of skin 
color and plasma carotenoids and related-metabolites. The main results were as follows. (1) The vulnerability of 
koi skin color to acute temperature stress was in the order of white koi> black koi> yellow koi. Both high- (25◦C- 
30◦C-25◦C) and low-temperature (25◦C-20◦C-25◦C) fluctuations tended to decrease the saturation of white koi. 
The temperature fluctuation had little effects on the skin color of black and yellow koi. (2) Targeted metab
olomics analysis indicated that the effects of cooling stress on oxycarotenoids of all five koi varieties were 
reversible. The plasma oxycarotenoids in mirror koi with all colors were insensitive to acute heat stress. How
ever, the cooling process from a high temperature (30◦C-25◦C) still made contributions to the increase of oxy
carotenoids. (3) The principal component analysis confirmed the deviation of carotenoid-related metabolites 
after high temperature fluctuation and the reversibility after low temperature fluctuation. Finally, the correlation 
analysis revealed that koi skin brightness was negatively correlated with the plasma guanine content and that 
temperature fluctuations might change koi skin brightness via the L(-)-epinephrine-guanine pathway. The red 
hue and yellow hue were negatively correlated with the oxycarotenoids in plasma, suggesting that oxy
carotenoids were favorable for enhancing koi skin color saturation. Overall, this study revealed the direct action 
of temperature fluctuations on the skin color and carotenoid-related metabolites of koi.   

1. Introduction 

Ornamental koi carp have bright colors, diverse patterns, vigorous 
swimming and extremely high ornamental and economic values. After 
about 200 years of artificial selection and cross-breeding, ornamental 
koi carp have developed into more than 100 varieties in 16 groups based 
on coloration, pattern, and scalation (data from Zen Nippon Airinkai). 
Ornamental koi carp are distributed in multiple countries in Southeast 
Asia, Europe, and North America. The global koi industry is currently 
growing rapidly. In 2019, the export value of Japanese freshwater 
ornamental fish (mainly koi) was 4.7 billion Japanese Yen, which was 
2.5 times greater than in 2005 (https://www.nippon.com/en/japan-dat 
a/h00852/). According to the United States National Agricultural Sta
tistics Service, 149 farms across 29 states in USA raised koi in 2018 with 
a gross production value of 8.14 million USD. Israel earns about 10 
million USD annually from exporting koi to European countries (David 
et al., 2004). 

Skin color is one of the main factors determining the ornamental and 
economic values of koi. Fish skin color is mainly dependent on pigment 
cells, which in koi include melanophore, xanthophore, erythrophore, 
and iridophore. Melanophore primarily contains melanin pigment, 
which is not a macromolecule with a clear sequence, but a random 
copolymer with a complex structure. Xanthophores and erythrophores, 
which contain several carotenoids and pteridines, are responsible for the 
yellow-orange-red skin color of fish skin (Junqueira et al., 1978; Dick 
et al., 2018; Tian et al., 2018). Koi carotenoids reported to date include 
astaxanthin, canthaxanthin, lutein, zeaxanthin and so on. Iridophores 
mainly contain guanine crystals, which can reflect light, are responsible 
for the formation of shiny skin colors, and interact with other pigment 
cells to form gold, silver, and blue colors (Zarnescu, 2007; Gur et al., 
2020). 

The skin color of koi is primarily determined by genetics (David 
et al., 2004). However, the breeding environment conditions, such as 
temperature, oxygen and salinity, can directly or indirectly affect 
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pigment cells and pigment particles, causing changes in skin color 
(Vissio et al., 2021). These factors are environmental pressures that 
induce acute or chronic responses in the pigment cells of fish according 
to the time length of stress. For example, carotenoid deposition in the 
skin of Arctic charr (Salvelinus alpinus L) is associated with stress 
response (Backstrom et al., 2021). Additionally, changes in background 
color cause changes in the black color of the Oreochromis mossambicus 
skin (Van der Salm et al., 2005), while ultraviolet exposure can change 
the structural coloration of cichlid fish by acting on iridophores (Cahn 
et al., 2015). The skin color change caused by temperature fluctuation 
has been noticed as a common phenomenon for a long time in koi 
aquaculture. But nevertheless, little was reported about the detailed 
temperature-color correlation and the underlined regulation 
mechanism. 

Elucidating the regulation mechanism of temperature on skin color 
will promote to maintain the ornamental-value stability and aquaculture 
sustainability of koi. In this study, the effects of acute temperature 
fluctuations on koi skin color via action in pigments (carotenoids and 
guanine) and related metabolites were investigated by the combination 
of quantitative evaluation of skin color and targeted metabolomics 
analysis. 

2. Materials and methods 

2.1. Koi temperature stress test 

Koi carp (Cyprinus carpio L.) were purchased from Guangzhou Huadu 
Huasheng Koi Farm, domesticated in a breeding pond for one month, 
and then transferred to a recirculating aquaculture system for one week 
before stress test. The breeding conditions include water temperature 
25◦C, pH 7.5–8, light/dark cycle 12 h/12 h, and continuous introduction 
of air to the water. During the experiment, the koi were provided with as 
many feed pellets (Aqua Master, Wheat Germ) as they could eat (1.5% 
weight of the koi) within 5 min twice a day according to the instruction. 
Quantitative feeding at regular time was performed. The feed was 
suitable for low-temperature and could be fed normally during 20◦C- 
30◦C. The experimental fish included five varieties with different skin 
color phenotype: mirror (scaleless) koi covered with uniform black color 
(MB), full scaled koi covered with uniform white color (JW), shiny 
mirror koi covered with uniform white color (sMW), mirror koi covered 
with uniform yellow color (MY), and shiny mirror koi covered with 
uniform yellow color (sMY). There were five fish in each variety with an 
age of four months and a length of 20±2 cm. The fish were randomly 
placed into two 80 L experimental tanks. All experimental tanks shared 
one recirculating aquaculture system that was equipped with a 
temperature-control system. At the beginning of the experiment, the 
water temperature was set at 25◦C, which was held for 48 h, then 
changed to 30◦C (high temperature exposure) or 20◦C (low temperature 
exposure), which was held for 48 h, after which returned to 25◦C 
holding for 72 h. The heating or cooling process took about two hours. 
Before the end of each temperature treatment, all experimental fish were 
anesthetized with tricaine methanesulfonate (MS222, Sigma-Aldrich). 
Then the experimental data were collected, and experimental samples 
were collected. The anesthetized fish were resuscitated as soon as 
possible and returned to the breeding system. 

2.2. Measurement of koi skin color 

Anesthetized fish were washed with water, after which a towel was 
used to remove the water residue. With the head facing left, the fish was 
placed horizontally on a wet sponge, after which the lightness (L*), red 
hue (a*), and yellow hue (b*) of the skin below the dorsal fin and above 
the lateral line was measured using an Illuminance Spectrophotometer 
(CL-500A, Konica Minolta, Japan). The fish were put back into the 
breeding system as soon as possible at the end of the experiment. The 
color saturation (C) and hue angle (H) are calculated based on these 

three color spaces and then used to quantitatively and qualitatively 
describe mixed colors. The reduction formulas were given as follows.  

H=ATAN[(a*⋅a*)/(b*⋅b*)]                                                                       

C=[(a*⋅a*)/(b*⋅b*)]1/2                                                                             

2.3. Targeted metabolomics analysis 

A targeted metabolomics procedure based on liquid 
chromatography-tandem mass spectrometry (LC-MS/MS) with multiple 
reactions monitoring (MRM) (LC-MS/MS-MRM) was constructed to 
analyze 15 carotenoids and related metabolites (CRMs) in the koi 
plasma samples (Table 1). 

Caudal venous puncture was used to collect 500 μL of blood from 
each fish, after which the blood sample was placed in an EDTA-Na2 
anticoagulation tube, rapidly frozen in liquid nitrogen, then stored at 
− 80◦C. For analysis, the sample was stored at 4◦C, after which 100 µL 
plasma was taken and mixed with 100 µL of pre-cooled water and 800 µL 
of pre-cooled acetonitrile/isopropanol (1:1, v/v). Next, the mixture was 
sonicated in an ice bath for 60 min and then incubated at − 20◦C for 1 h. 
After the protein was precipitated, the mixture was centrifuged at 
16,000 g for 20 min at 4◦C and the supernatant was collected. The same 
amount of internal standard L-Glutamate D5 was subsequently added to 
each sample, after which they were vacuum dried. For mass spectrom
etry analysis, the sample was reconstituted in 100 μL of acetonitrile- 
water solution (1:1, v/v), the solution was centrifuged at 16,000 g for 
20 min at 4◦C, and the supernatant was collected for analysis. 

A Shimadzu Nexera X2 LC-30AD High-Performance Liquid Chro
matography (HPLC) system was used for separation. The mobile phases 
were 0.1% formic acid-water solution (phase A) and isopropanol/ 
acetonitrile (1:1) (phase B). The flow rate was 200 µL/min and the in
jection volume was 5 µL. Additionally, aliquots of all samples were 
mixed in equal amounts to serve as quality control (QC) samples, which 
were added to the sample queue to monitor and evaluate the stability of 
the system and the reliability of the experimental data. 

A QTRAP5500 mass spectrometer (AB SCIEX) was used for mass 
spectrometry analysis under positive/negative ion mode. The parame
ters of the electrospray ionization (ESI) mode were as follows: 550◦C, 
40, 50, ±4500 V. MRM mode was used to detect the ion pairs to be 
measured. 

The MultiQuant software was used to extract the chromatography 
peak areas and retention times. The retention times were calibrated 
using metabolites reference standards. 

Table 1 
The targeted carotenoids and related metabolites in koi serum.  

Classification Metabolite Name Cas No. 

Neurotransmitter Acetylcholine 51–84–3 
Norepinephrine 51–41–2 
L(-)-Epinephrine 51–43–4 
Melatonin 73–31–4 
Progesterone 57–83–0 

Signaling molecule Cyclic adenosine 
monophosphate 

86594–35–6 

Cyclic 3′,5′-guanosine 
monophosphate 

7665–99–8 

Pigment in iridophore Guanine 73–40–5 
Pigment in xanthophore, 

/erythrophore 
alpha-Carotene 7488–99–5 
beta-Carotene 7235–40–7 
Lutein 127–40–2 
Astaxanthin 472–61–7 
Canthaxanthin 514–78–3 
Zeaxanthin 144–68–3 
Tunaxanthin 12738–95–3  

L. Liu et al.                                                                                                                                                                                                                                       
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2.4. Data analysis 

The loading concentration of each metabolite was calculated based 
on its standard curve, after which the concentrations of metabolites in 
each sample were calculated. The contents of CRMs were the average 
values of samples (after Ln data conversion). All data were expressed as 
the sample mean ± standard error. The Principle Component Analysis 
(PCA) was performed using the OmicStudio tools (https://www.omic 
studio.cn) with z-score normalization. The correlation heat mapping 
was performed using the OmicStudio tools after spearman correlation 
analysis. **indicated p value <0.01. * indicated p value≥0.01 & p 
value<0.05. 

One-way analysis of variance (ANOVA) model and Tukey’s honestly 
significant difference (HSD) post hoc test were used to identify signifi
cant differences among groups. The uppercase alphabetic characters 
indicates α = 0.01. The lowercase alphabetic characters indicates α =
0.05. 

3. Results 

3.1. Effects of temperature fluctuations on koi skin color 

We measured the International Commission on Illumination (Com
mission Internationale de l′Eclairage, CIE) 1976-(L*a*b*) (CIELab) color 
space parameters on the skin above the lateral line and below the dorsal 
fin of one black koi variety (MB koi), two white koi varieties (JW koi and 
sMW koi), and two yellow koi varieties (MY koi and sMY koi). The CIE 
values of the black koi were [L*: 6.2 ± 0.2, a*: 2.5±0.2, b*: 3.3 ± 0.6, H: 
− 0.1 ± 0.1, C: 6.3 ± 1.2], while those of the white koi were [L*: 8.6 ±
0.2, a*: 0.4 ± 1.0, b*: 4.3 ± 0.8, H: 0.4 ± 0.9, C: 7.4 ± 1.3] and those of 
the yellow koi were [L*: 8.1 ± 0.1, a*: 6.8 ± 0.3, b*: 7.9 ± 0.5, H: 0.1 ±
0.1, C: 15.1 ± 0.9] (Fig. 1). These results indicated that the CIELab 
parameters of koi of different colors had stable and characteristic value 
ranges. Moreover, there was no significant difference among individual 
koi carps of the same color. 

Temperature fluctuations exhibited the most apparent impact on 
skin color parameters of white koi (JW, sMW). The a* values of JW koi in 
the high-temperature group and low-temperature group varied signifi
cantly with temperature changes. In the high-temperature group, the a* 
values of the JW koi increased significantly while the b* and C decreased 
significantly, demonstrating that high-temperature stress significantly 
changed the skin color of JW koi. The a* values of JW koi in the low- 
temperature group increased first and decreased after recovery from 
low temperature, indicating that the effect of low-temperature stress on 
the red hue of white koi was reversible. Additionally, great individual 
varieties of color space were observed in sMW koi responding to 

temperature while consistence in JW koi, indicating instability in the 
skin color of white mirror koi under thermal stress (Fig. 2). 

Temperature fluctuations had little significant effect on the color of 
black and yellow koi. The C value of MB koi after recovery from high- 
temperature exposure was considerably higher than pre-exposure. 
There was a rise in color saturation of MB koi after recovery exposure, 
indicating the skin color faded visually (Fig. 2). 

3.2. Effects of temperature fluctuations on plasma CRM levels of koi 

A LC-MS/MS-MRM based targeted metabolomics assay procedure 
was constructed for quantitative detection of the total 15 plasma CRMs 
(Supplementary Fig. 1). The results indicated that the following carot
enoids were observed in the pre-exposure koi of all five varieties: beta- 
carotene > alpha-carotene > lutein > canthaxanthin > zeaxanthin >
tunaxanthin > astaxanthin. The plasma lutein and canthaxanthin levels 
of koi with different skin color differed. The plasma levels of lutein and 
canthaxanthin in black koi (MB) were significantly higher than in yellow 
koi (MY, sMY) (p<0.01). The plasma levels of lutein and canthaxanthin 
in white koi (JW, sMW) tended to be lower than in black koi. Addi
tionally, there was no difference in guanine levels among koi with 
different skin colors (Fig. 3). 

In the high-temperature group, the plasma levels of oxycarotenoids 
(lutein, canthaxanthin, zeaxanthin, tunaxanthin, and astaxanthin) in the 
koi were changed by temperature fluctuation, while beta-carotene and 
alpha-carotene (lacking oxygen atom) showed no change in levels. The 
levels of canthaxanthin, zeaxanthin and tunaxanthin of JW koi under 
high-temperature and high-temperature-recovery periods were higher 
significantly than pre-exposure (p<0.01). For all mirror koi varieties 
(MB, sMW, MY and sMY), the levels of oxycarotenoids tended to in
crease in high-temperature-recovery periods when compared to pre- 
exposure. Multiple neurotransmitters and hormones in the plasma of 
koi from the high-temperature group were affected. The levels of 
melatonin and cAMP from all varieties of koi decreased significantly in 
recovery periods, while the levels of progesterone increased (p<0.01). 
The L(-)-epinephrine levels of MB, sMW and sMY koi varieties in high 
temperature period were higher than pre-exposure (Fig. 4). 

In the low-temperature group, the plasma levels of oxycarotenoids 
(lutein, canthaxanthin, zeaxanthin, tunaxanthin, and astaxanthin) 
changed while beta-carotene and alpha-carotene showed no change in 
levels. Compared to pre-exposure, the levels of oxycarotenoids in all five 
koi varieties showed an increasing tendency in low temperature periods 
and retreated in low-temperature-recovery periods. The levels of mela
tonin and progesterone in JW and sMY koi increased significantly in low 
temperature periods and retreated in recovery periods (p<0.01, Fig. 4). 

Compared to pre-exposure, the guanine levels of sMW, MY koi were 
significant higher in high temperature periods. In low temperature pe
riods, the guanine levels of sMW koi decreased significantly and 
retreated in low-temperature-recovery periods when compared to pre- 
exposure (p<0.01). (Fig. 4). 

Principal component analysis (PCA) was used to analyze changes in 
the level of plasma CRMs of koi under temperature fluctuations. We 
found an apparent separation between the samples before and after low- 
temperature exposure, as well as an overlap between samples from the 
low-temperature recovery and the pre-exposure periods, suggesting that 
the impact of a certain degree of acute low-temperature stress on the 
levels of CRMs of koi was reversible. There was an overlap in the levels 
of samples from the high-temperature and the pre-exposure periods, as 
well as an apparent separation between the high-temperature recovery 
exposure and the control (Fig. 5). These findings indicated that a certain 
degree of heat stress did not have a significant impact on the CRMs levels 
of koi, while the acute cooling during the high-temperature recovery 
period could affect their CRM levels. Fig. 1. CIELab color space parameter range of different color koi skin. The left 

dorsal skin below the dorsal fin is measured by CIELab color space. Eight fish 
were measured in each variety. The uppercase alphabetic characters indicates α 
= 0.01. 
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3.3. Correlation analysis of skin color and metabolites 

Correlation analysis of CIELab color space values of koi skin color 
and plasma CRMs content revealed that the L* value was negatively 
correlated with the levels of L(-)-epinephrine, guanine (p < 0.01) and 
astaxanthin (p < 0.05). Both the a* and b* value of koi skin color were 
negatively correlated with lutein, zeaxanthin or tunaxanthin levels (p <
0.01) (Fig. 6). 

4. Discussion 

4.1. Quantitative evaluation of skin color and plasma CRMs of koi 

Establishment of a standardized quantitative analysis method for 
determination of color quality would facilitate precise evaluation of the 
ornamental value of koi. There are several methods reported in evalu
ating skin colors (Nurhadi et al., 2019; Olier et al., 2023). The CIELab 
color space is an international standard recommended by the CIE. L* 
represents brightness and has a range of 0–100 (black to white). While 

Fig. 2. Effects of temperature on CIELab color space parameters of different koi varieties (n=8). The lowercase alphabetic characters indicates α = 0.05.  

L. Liu et al.                                                                                                                                                                                                                                       
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a* and b* characterize color tone, representing red hue (from green to 
red) and yellow hue (from blue to yellow), respectively. The color 
capture based on the CIELab color space is similar to the attributes of the 
human eye, but the accuracy and degree of quantitation are consider
ably much higher than those of the human eye. This technique has been 

widely used in evaluation of the color and quality of fruits (Salvador 
et al., 2007; Rodriguez-Pulido et al., 2012) and meat (Sarriés and 
Beriain, 2006), and is increasingly being used for detection of changes in 
fish skin color (Gouveia et al., 2003; John et al., 2021). 

In present study, the CIELab color space evaluation method was 
applied to measure the skin color of koi with uniform color pattern. The 
tested five koi varieties sharing genetic similarity were mainly distin
guished by different skin color phenotypes. White, black and yellow/red 
skin colors are the most popular colors in ornamental koi market. The 
average body length of koi was long enough to make sure sufficient area 
for detecting CIELab color space. Thus the samples were detected with 
homogeneity and stability. 

This study established and optimized the process and parameters of 
targeted metabolomics LC-MS/MS detection using MRM mode for tar
geted detection of 15 CRMs. Seven types of carotenoids were found in 
the plasma of all the five koi varieties. Beta-carotene and alpha- 
carotene, which contain no oxygen atoms, were found in the highest 

Fig. 3. Plasma carotenoid metabolite levels in different varieties of koi before 
temperature exposure based on liquid chromatography-tandem mass spec
trometry (n=5). The uppercase alphabetic characters indicates α = 0.01. 

Fig. 4. Effects of temperature fluctuations on plasma plasma CRMs levels based on liquid chromatography-tandem mass spectrometry (n=5). H: High-temperature 
exposure group; L: Low-temperature exposure group. 

L. Liu et al.                                                                                                                                                                                                                                       



Ecotoxicology and Environmental Safety 273 (2024) 116165

6

Fig. 5. PCA analysis of plasma plasma CRMs of koi after high- or low-temperature exposure (n=5).  
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levels, accounting for 84%–87% of the total. In a previous study, beta- 
carotene in the skin of Arctic charr, a fish with black skin covered 
with orange patches, accounted for 48% of the total skin pigment con
tents (Metusalach et al., 1996). The levels of beta-carotene and 
alpha-carotene did not differ significantly among different koi varieties. 
Conversely, skin color of black, white and yellow koi was found to be 
associated with lutein and canthaxanthin. Similarly, lutein is also one of 
the main factors responsible for the difference in color between red and 
white Oujiang carp (Du et al., 2021). Overall, the results of this study 
were consistent with those of previous studies. 

Astaxanthin is the carotenoid that has been most widely used and 
effective for improving skin color in koi, goldfish, and other ornamental 
fish species (Swain et al., 2020). In this study, the plasma level astax
anthin was present at the lowest levels among the seven carotenoids 
identified in all five investigated koi varieties. As the typical general 
pathway of carotenoid metabolism and conversion does not exist in fish, 
astaxanthin in vivo can only be converted from zeaxanthin and lutein in 
the body to via oxidation of the 4 and 4’ positions of the ionone ring 
(Gouveia et al., 2003). Thus the amount of astaxanthin formed from the 
conversion is limited. Most of the astaxanthin in koi came from the feed 
additive. The study suggested that different varieties of koi absorbed the 
astaxanthin alike without distinction. 

4.2. Effects of temperature fluctuations on carotenoids- and guanine- 
based body color 

Our results revealed that koi skin color was affected by temperature 
fluctuations and the degree of impact was related to koi skin color, cover 

of scales, and the mode of temperature fluctuations. The vulnerability of 
koi skin color to acute temperature stress was in the order of white koi>
black koi> yellow koi. The skin color of white koi (JW, sMW) suffered 
from both high- and low-temperature exposure. In yellow koi (MY and 
sMY), the CIELab color space parameters did not change significantly 
during thermal stress and the values within the same treatment groups 
were highly concentrated, suggesting that the skin color of yellow koi 
was stable under temperature fluctuations. Additionally, the skin color 
of mirror white koi (sMW) exhibited larger individual differences, poor 
stability and much more susceptibility to temperature stress compared 
to those with scales (JW). 

Targeted metabolomics analysis indicated that the effects of low- 
temperature stress on the CRMs of koi were reversible. The plasma 
levels of most oxycarotenoids increased when the water temperature 
dropped to 20 ◦C and retreated in recovery periods (25 ◦C). The plasma 
oxycarotenoids in mirror koi were insensitive to acute heat stress. 
Nevertheless, the cooling process from a high temperature (30◦C-25◦C) 
still made contributions to the increase of oxycarotenoids. The whole 
stress exposure was conducted in a temperature window (20◦C-25◦C 
− 30◦C) suitable for koi growth. 

Correlation analysis revealed that koi skin brightness was negatively 
correlated with plasma L(-)-epinephrine and guanine levels. Guanine 
crystals are the main structural component in the iridophores of koi skin. 
Large quantities of guanine crystals are arranged in specific azimuth 
angles and arrays with an extremely high reflectance, which are the 
cytological basis of the formation of shiny skin color (Funt et al., 2017). 
The regulation of arrangement and spacing of guanine crystals in teleost 
fish has not been yet fully clarified (Gur et al., 2020). Earlier, the platelet 

Fig. 6. Correlation heat mapping of koi skin color and plasma CRMs. The L*, a*, b* value and the CRMs levels were calculated for the correlation (n=125). The color 
indicates spearman correlation coefficient (r) between skin color CIELab color space and plasma contents of CRMs. 
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spacing and orientation of guanine crystals in iridophores are reported 
regulating by epinephrine (Mathger et al., 2003; Goda, 2017). In chro
matophores of teleost fish, L(-)-epinephrine acts on alpha-adrenergic 
receptors and recruit the melanin and red pigment granules to the nu
clear region(Oshima et al., 1986; Franco-Belussi et al., 2018). The skin 
brightness of koi was negatively correlated with plasma guanine con
tent, indicating temperature fluctuations may change their skin bright
ness through the L(-)-epinephrine-guanine pathway. 

For the white JW koi, the red hue/yellow hue of koi skin was 
negatively correlated with levels of oxycarotenoids, including lutein, 
zeaxanthin, and tunaxanthin. During the cooling process, the levels of 
oxycarotenoids in the plasma decreased, while those of oxycarotenoids 
increased, and the red and yellow hues of the skin increased. Dietary 
additive experiments have shown that providing natural astaxanthin 
(Boonyapakdee et al., 2015)and lutein (Yuangsoi et al., 2011) enhances 
the red hue of koi skin. We thus speculated one step further that the 
oxycarotenoids contributed to the color saturation in koi skin (both red 
hue and yellow hue). 

The change of oxycarotenoids in koi might be related to the 
temperature-induced metabolism and conversion of oxycarotenoids. In 
bacteria (Seel et al., 2020), fungi (Guo et al., 2022), plants (Wang et al., 
2022), and post-harvest foods (Hammaz et al., 2021), the degradation 
and metabolic pathways of oxycarotenoids are commonly found to be 
affected by temperature. The concentrations of lutein and zeaxanthin in 
Ictalurus punctatus declined faster under high temperature than low 
temperature (Li et al., 2011). In present study, the heat process made no 
difference on all carotenoids. The cooling process might result in the 
decreasing of metabolism rates and conversion of plasma oxy
carotenoids in koi, thereby causing an increase of their levels. However, 
the effects of acute temperature fluctuations on the metabolism, 
degradation, and clearance pathways of oxycarotenoids in the body of 
koi need to be further explored. 

5. Conclusions 

This study evaluated the effects of temperature fluctuations on the 
skin color of koi and the levels of plasma carotenoids and related me
tabolites. Temperature fluctuations might change the brightness 
through the L(-)-epinephrine-guanine pathway in koi. Additionally, 
acute low temperature might enhance the color saturation of white koi 
skin via the utilization of oxycarotenoids. Overall, this study revealed 
the effects of temperature fluctuations on koi with white, black and 
yellow skin color in terms of temperature-hormones -pigments-color. 
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