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Introduction

The long-tailed chinchilla (Chinchilla lanigera 
Bennett, 1829) is native to northern Chile and can 
be found along the foothills of the Andes and the 
coastal mountains south to Talca, at an elevation 
of 400–1650 m. Human activities, such as poach-
ing, hunting, grazing of cattle and goats, mining, 
firewood extraction, and the pet trade, have posed 
a significant threat to this species for years. Al-
though legislation to protect the species has been 

in place since 1929, it was not efficiently enforced 
until the establishment of the Reserva Nacional Las 
Chinchillas in Auco, Chile in 1983. This species has 
been included in the CITES Appendix I since 1977. 
The current wild population is estimated at around 
5350 mature individuals, and despite current protec-
tion measures, populations continue to decline, and 
the species is classified as endangered according to 
the Red List Category & Criteria (Jimenez, 1996; 
Roach and Kennerley, 2016). Currently, chinchil-
las are a popular pet and farm animal, but due to 

ABSTRACT. The purpose of the study was to verify whether increasing the 
content of tyrosine and phenylalanine in the feed would result in more intense 
colouration of chinchilla fur and affect the animals’ reactions to behavioural tests. 
Chinchillas were divided into 3 groups: G-1 fed complete commercial fodder  
(Tyr 6.91 mg/g, Phe 7.45 mg/g), G-2 fed commercial and experimental fodder  
(1:1 ratio), and G-3 fed with experimental fodder (Tyr 14.31 mg/g, Phe 21.65 mg/g). 
During the experiment, the fur colouration type was assessed using two meth-
ods: objective, with a colorimeter (CIE L*a*b* colour space: L* – light-dark axis,  
a* – red-green axis, b* – yellow-blue axis, C* – colour saturation), and subjective, 
by a qualified chinchilla judge. A behavioural hand test was used to categorise 
the chinchillas’ responses to human intrusion into their cage. The results from 
the colorimeter measurements did not show any significant differences in the L*  
(P > 0.05) component; however, significant differences were observed for the 
a* (P = 0.0029), b* (P = 0.0218), and C* (P = 0.0342) components in relation to 
the fur colouration of individual groups. The assessment of the colour type by  
a qualified specialist found statistically significant differences (P < 0.05) between 
the initial and final measurements. Spearman’s correlation coefficients between 
colour type assessment and colour components were mostly low or medium, but 
with stronger values observed for L* compared to a*, b* or C*. There were no 
significant effects of the feeding group on the results of the and test. However,  
a decreasing trend was observed in the hand test results for G-3 from  
week 5 of the measurements.
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their very valuable fur, their domestication began in 
the 1920s, with twelve wild individuals captured in 
the Andes by Matthew Chapman (Spotorno et al., 
2004). In contrast to the low number of individuals 
in the natural environment, population of chinchil-
las kept in captivity can be estimated in the hun-
dreds of thousands (Łapiński, 2018). Most breed-
ing chinchillas represent a standard colour variant, 
similar to wild chinchillas with beautiful blue-grey 
fur, shaded darkest on the back, lighter grey on the 
sides, and white on the abdomen. Over time, se-
lective breeding has produced several other colour 
mutations known as: Black Velvet, Beige, White, 
Ebony, Violet, Sapphire, etc. (Barabasz, 2008). The 
assessment of chinchillas often prioritizes animals 
with darker fur, as they tend to receive higher scores 
due to the currently applied evaluation methods 
(KCHZ, 2012; EPVC, 2019; ČSCH, 2021). Mam-
malian skin and hair colour is primarily determined 
by the type and amount of melanin present. Melanin 
is synthesised in in specialized pigment-producing 
cells called melanocytes, where it is generated as 
pigment granules known as lysosome-related organ-
elles called melanosomes (Wasmeier et al., 2008; 
Videira et al., 2013). Melanin is produced from the 
amino acid tyrosine through a synthesis regulated 
by the enzyme tyrosinase. Melanin biosynthesis can 
be initiated either by the hydroxylation of phenylal-
anine to tyrosine or directly from tyrosine, which is 
subsequently hydroxylated to dihydroxyphenylala-
nine (DOPA). The oxidation of DOPA to dopaqui-
none is a crucial next step in both eu- and pheome-
lanogenic pathways. Eumelanogenesis involves the 
further transformation of dopaquinone to leukodo-
pachrome, followed by a series of oxidoreduction 
reactions with the formation of dihydroxyindole 
(DHI) and DHI carboxylic acid (DHICA) interme-
diates that undergo polymerisation to form eumela-
nin (Prota, 1995; Ito, 2003; Simon et al., 2009). 
Pheomelanogenesis also starts with dopaquinone, 
which is then conjugated to cysteine or glutathione, 
yielding cysteinyldopa and glutathionyldopa trans-
formed further into pheomelanin (Ito, 2003; Simon 
et al., 2009). Melanin in hair consists of a mixture 
of two pigments: eumelanin (brown and black pig-
ments) and pheomelanin (yellow to reddish-brown 
pigment) (Ozeki et al., 1995). The precursor of both 
pigments is derived from tyrosine, which can be 
sourced directly from the diet (foods high in dietary 
tyrosine include cheese, soybeans, beef, lamb, pork, 
fish, chicken, nuts, eggs, dairy, beans, and whole 
grain), or generated by hydroxylation of the essen-
tial amino acid phenylalanine (Schallreuter, 2008;  

Watson et al., 2017; Kühn et al., 2019). Although 
hair colour is essentially determined by genetics, 
nutrition can play a significant role in its expression. 
A number of studies have been conducted that il-
lustrate the significant effect of nutrition on pigmen-
tation in dogs and cats; however, the relationship 
between nutrition and hair pigmentation is still not 
well understood (Morris et al., 2002; Watson et al., 
2015).

Mutations in genes influencing melanocytes 
not only affect the animal’s colouration but are also 
believed to impact physiological and behavioural 
functions (Finn et al., 2016). Quesada and Senar 
(2007) conducted an experiment on the great tit 
(Parus major) to analyse the relationship between 
nest defence and plumage colouration. Males with 
a large black tie defended their nests more vigorously, 
while no such effect was found for yellow-breasted 
males. This suggests that melanin-based colouration 
in the great tit is associated with aggression, 
including both dominance-aggression and nest 
defence, whereas carotenoid-based colouration is 
not. Mafli et al. (2011) proved that eastern Hermann’s 
tortoises (Eurotestudo boettgeri) with eumelanic 
shell colouration were more aggressive in male-
male confrontations and bolder towards humans. 
These relationships were independent of body size 
and ambient temperature. In the American red fox 
(Vulpes vulpes fulva), wild red and black animals 
were demonstrated to be the least trusting and the fear 
response (the average startle distance) was modified 
by the presence of mutant coat colour genes (Keeler 
et al., 1970). During a 40-year-long study on fox 
domestication, it was observed that mating individuals 
showing interest/less fear towards humans produced 
more friendly and cooperative offspring, with mutated 
coat colours, resulting in the characteristic “white 
star” – hair without pigmentation, which occurs 
in domesticated animals like horses, cattle, dogs, 
rabbits, etc. This was due to an increase in serotonin 
levels and a decrease in corticosteroids, which 
affected the production of melanocytes that make up 
the animal’s hair pigment (Trut, 1999). One of the 
most important aspects of farm animal welfare is the 
proper human-animal relationship. Behavioural tests 
(e.g. stick test, hand test) are used as a non-invasive 
method to quantify and evaluate animal personalities 
and categorise them as fearful or shy. These tests 
have been widely applied in domestic, farm, and even 
wild animals. Chinchillas are typically confident and 
trusting animals, although some individuals may 
show undesirable reactions to humans like fear or 
aggression. Fearlessness towards humans can reduce 
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stress, and confident individuals can better tolerate 
farm conditions (Browning, 2020; Łapiński et al., 
2023). However, if dietary supplementation was to 
increase aggressive or fearful behaviour, it would be 
detrimental to animal welfare.

The aim of our study was to verify whether 
increasing the content of tyrosine and phenylalanine 
in granulated feed would result in more intense 
staining of the chinchilla’s hair coat. Additionally 
we sought to determine whether adding tyrosine, 
a precursor of norepinephrine, would alter the 
chinchilla’s reaction to humans.

Material and methods

Animals, housing, and colour type 
measurements

Since this was a feeding experiment with no in-
vasive procedures performed on the animals, it did 
not require the approval of the relevant Ethics Com-
mittee for procedures used in animal experiments.

The experiment was carried out on a chinchilla 
breeding farm (Myślenice, Poland) for 4 months, 
from December to April. Fifty-four four-month-old 
standard chinchillas were selected from the herd, 
with no indication of siblings or half-siblings based 
on pedigree control. The animals were then divided 
into the 3 following groups of 18 individuals each 
(9 males and 9 females): G-1 – control, received 
full dose of commercial fodder (K); G-2 – received 
commercial granulate mixed with the experimental 
fodder in a 1:1 ratio; G-3 – fed with the experimental 
fodder (E) with tyrosine (Tyr) and phenylalanine 
(Phe) addition. The chinchillas were given ad libitum 
access to the fodder and were housed individually 
in stainless-steel cages (0.40 m width × 0.50 m 
length × 0.35 m height) with a wire floor.

During the experiment, fur colour type was as-
sessed using two techniques: objectively with a col-
orimeter CR-410 (Konica Minolta Co. Ltd., Osaka,  
Japan) and subjectively by a specialist from the Na-
tional Animal Breeding Centre (KCHZ, 2012). Col-
orimeter measurements were performed monthly ac-
cording to the manufacturer’s instruction; the device 
was calibrated before each measurement session. The 
colorimeter was applied to the animal’s back between 
the shoulder blades, allowing for the determination of 
colour system coordinates according to the CIE (Com-
mission Internationale de l’Eclairage) system. The L*, 
a*, and b* characteristics, i.e. colour brightness and 
chromaticity coordinates (L* for light-dark axis, a* 
for red-green axis, and b* for yellow-blue axis) were 
determined. For L*, a value of 0 indicates pure black 

and a value of 100 indicates pure white. Higher values 
of the a* discriminant indicate a tendency towards red, 
and lower values indicate a tendency towards green. 
Positive values of the discriminant b* mean yellow, 
and negative values indicate blue. The a* and b* val-
ues were used to calculate colour saturation (chroma, 
C*) from the following equation:

                                                        .  
Phenotypic assessment was performed at the 

beginning and at the end of the experiment, accord-
ing to the chinchilla phenotype assessment template 
(Table 1) (KCHZ, 2012).

Behavioural study
The hand test following the methods of Łapiński 

et al. (2023) was used to categorise the responses of 
chinchillas to the intrusion of a researcher’s hand 
into their cages. The tester, a stranger to the animal, 
placed one hand on the open front of the cage and 
moved it slowly inside. The chinchilla’s reaction to 
the manipulation attempts was recorded using a five-
point scale (Table 2). The duration of the test was 
approximately 15–30 s, depending on how much 
the animal interacted with the researcher. The test 
was carried out in each cage for each animal every 
two weeks during the four months of the experiment 
(9 replicates per animal). The mean scores obtained 
from this test were used to classify the animals’ be-
haviour: 1.00–1.80 = confident (CON); 1.81–2.60 =  
cautious (CAU); 2.61–3.40 = timid (TIM); 3.41–4.20 =  
nervous (NER); 4.21–5.00 = aggressive (AGG).

Table 1. Phenotypic assessment of the colour type of standard chin-
chillas (KCHZ, 2012)

Assessment Requirements description Points
Exemplary Very dark type, graphite-black, veil evenly dis-

tributed on the back, sides, hips, contrastingly 
cut off from the belly, minimal lightening on the 
nape is allowed (up to 2 cm2).

5

Minor flaws Very dark type, graphite veil, evenly distrib-
uted on the back, with a slight lightening on 
the neck, sides or hips, contrastingly cut off 
from the belly.

4

Dark type, graphite veil, thickened on the 
back, evenly passing to the sides, lightened 
on the neck and hips, contrastingly cut off from 
the belly.

3

Medium type, veil thickened on the back, 
slightly extending to the sides, lightened on 
the nape and hips, separating from the belly.

2

Major flaws Light type, veil brightened along the entire 
length of the back, neck, sides, and hips, in-
distinctly separating from the abdominal belt.

1

Disqualifying-
defects

No veil or patchy distribution of the veil. 0

C* = �a* 2 + b* 2 
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Fodder composition
At the feed mixing plant of the National Re-

search Institute of Animal Production (IZ-PIB), 2 kg 
of L-Phe FCC (cat. no.: W358509; Sigma-Aldrich, 
Saint Louis, MI, USA) and 1 kg of L-tyrosine FG 
(cat. no.: W373605; Sigma-Aldrich, Saint Louis, 
MI, USA) were added to 150 kg of comminuted 
commercial fodder. Amino acids were added to the 
fodder based on literature data (Yu et al., 2001; Mor-
ris et al., 2002). The granulate was prepared again 
after mixing the feed. The composition of commer-
cial and experimental fodder was tested in the labo-
ratory of the Department of Animal Nutrition and 
Biotechnology, and Fisheries at the University of 
Agriculture in Krakow (Tables 3, 4).

Table 3. Composition of commercial (K) and experimental (E) fodder

DM % CA % TP % CF % CF %
Fodder K 90.34 9.86 19.81 3.06 15.32
Fodder E 89.98 9.70 20.30 3.73 14.56
DM – dry matter, CA – crude ash, TP – total protein, CF – crude fat, 
CF – crude fibre

Statistical analysis
All analyses were performed using SAS software 

(SAS, 2014). Data were tested for normality before 
analysis using the Shapiro-Wilk test (Table 5). Fur 
colour components, i.e. L*, a*, b*, and C* had 
a normal distribution. The assumptions of normality 
were met for two categorised data types, i.e. hand 
test and colour type assessment. 

Fur colour components were analysed with 
repeated measures data using the MIXED procedure 
of SAS (2014). The following linear model was 
applied:

Yijkl = μ + FEi +MEj + (FE × ME)ij + ANk + Eijkl,

where: Yijkl – fur colour components, i.e. L*, a*, b* 
and C*; μ – overall mean; FEi – fixed effect of i-th 

feeding (i = 1, 2, 3); MEj – fixed effect of j-th mea-
surements (i = 1, 2, 3, 4); (FE × ME)ij – interaction 
between feeding and measurements; ANk – random 
animal effect (k from 1 to 54); Eijkl – residual effect.

The significance of differences was determined 
by the Tukey-Kramer test. The non-significant fixed 
effect of sex was removed from the model.

The effects of animal, feeding, and measure-
ments on the hand test and colour type assessment 
were analysed using the NPAR1WAY procedure 
of SAS (2014) and the Kruskal-Wallis test. The 
significance of differences was determined using 
the Dwass-Steel-Critchlow-Fligner method. Addi-
tionally, the effect of feeding during the measure-
ment week (hand test and colour type assessment) 
or month (colour components, i.e. L*, a*, b*, and 
C*) were analysed. All P-values less than 0.05 were 
considered statistically significant. Additionally, the 
Spearman’s correlation coefficients between colour 
type assessment and colour components were calcu-
lated (PROC CORR). 

Table 2. Hand test scores categorising chinchillas’ responses to 
human intrusion into their cages

Score Description
1 Chinchilla is not afraid, sniffs the hand, approaches with inter-

est, allows its head and back to be stroked.

2 Chinchilla explores the hand at a distance (no physical con-
tact), approaches but withdraws, does not allow itself to be 
touched.

3 Chinchilla makes warning calls (barks), moves away from the 
hand, runs around the cage.

4 Chinchilla runs around the cage and screams, often stands 
on two paws and attempts to spray the person with urine.

5 Before opening the cage, chinchilla makes warning calls, 
takes flight around the cage, tries to bite.

Table 4. Amino acid composition of the commercial (K) and 
experimental (E) fodder (mg/g dry matter)

Amino acid Fodder K Fodder E
Alanine 8.16 7.43
Arginine 12.61 11.14
Aspartic acid 19.21 16.58
Cysteine 3.43 2.86
Glutamic acid 30.56 29.17
Glycine 9.00 7.89
Histidine 5.52 5.36
Isoleucine 5.97 6.37
Leucine 12.25 11.92
Lysine 9.14 8.09
Methionine 3.94 3.47
Phenylalanine 7.45 21.65
Proline 9.93 9.46
Serine 8.85 6.31
Threonine 7.27 6.07
Tyrosine 6.91 14.31
Valine 8.43 9.15

Table 5. Statistical value and P-value for the Shapiro-Wilk test

Trait Statistic value (W0) P-value
L* 0.992915 0.3958
a* 0.993432 0.4644
b* 0.989861 0.1375
C* 0.990491 0.1727
Hand test 0.789026 <0.0001
Colour type assessment 0.765120 <0.0001
L* – lightness of chinchilla fur, a* – redness of chinchilla fur,  
b* – yellowness of chinchilla fur, C* – chroma of chinchilla fur
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Results

Colorimeter analyses did not show any signifi-
cant differences in the L* (P = 0.5353) component, 
while the a* (P = 0.0029), b* (P = 0.0218), and C* 
(P = 0.0342) components differed significantly with 
respect to fur colour of chinchillas from individual 
feeding groups (Table 6). The results of subsequent 
L*, b*, and C* measurements carried out at month-
ly intervals differed significantly (P < 0.05) from 
each other (Figure 1). A significant interaction was  
observed between feeding and monthly mea-
surements for a* (P = 0.0338), but not for L*  
(P = 0.5623), b* (P = 0.1397) or C* (P = 0.1401).

Analysis of the hand test results showed signifi-
cant differences (P < 0.0001) between individual 
animals, but the effect of feeding group was not 
significant (Table 7). However, the hand test results 
obtained at successive weekly measurements were 
statistically different (P < 0.05), showing a tendency 
for behaviour to change from timid (2.61–3.40, TIM) 
in weeks 1–7 to cautious (1.81–2.60, CAU) in the  
last two weeks, i.e. 8–9 (Figure 2).

The differences between animals in colour  
type assessment and the effect of feeding group 
on the colour type assessment were insignifi- 
cant (P = 0.9494 and P = 0.4984, respectively) 
(Table 8).

Table 6. Least square means (LSM) with standard errors (SE) of light-
ness (L*), redness (a*), yellowness (b*), and chroma (C*) of chinchilla 
fur (by feeding group)

Feeding 
group

L* a* b* C*
LSM SE LSM SE LSM SE LSM SE

G-1 25.99 0.7091 0.24a 0.0152 2.27a 0.0601 2.28a 0.0609
G-2 26.91 0.7157 0.21a 0.0154 2.46b 0.0606 2.47b 0.0614
G-3 26.31 0.7091 0.16b 0.0152 2.41b 0.0601 2.42b 0.0609
G-1 – control, received full-dose commercial fodder (K); G-2 – received 
feed consisting of commercial granulate mixed with experimental fodder 
at a 1:1 ratio; G-3 – fed experimental fodder (E), with higher amounts of 
tyrosine (Tyr) and phenylalanine (Phe); ab – values in the same column 
marked with different letters differ significantly (P < 0.05)

Figure 1. Least square means with standard errors of A) lightness (L*), B) redness (a*), C) yellowness (b*), and D) chroma (C*) of chinchilla fur, 
by feeding group and monthly measurements. Values with different letters in third and fourth month of experiment differ significantly (P < 0.05)
 G-1 – control, received full-dose commercial fodder (K);  G-2 – received feed consisting of commercial granulate mixed with the experimental 
fodder at a 1:1 ratio;      G-3 – fed experimental fodder (E), with higher amounts of tyrosine (Tyr) and phenylalanine (Phe)
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Table 7. Characteristics of hand test results (by feeding group)

Feeding 
group N Mean SD Min Max Median

G-1 162 2.75 0.75 1 4 3
G-2 157 2.76 0.80 1 4 3
G-3 162 2.62 0.64 1 4 3
P-value 0.0731

G-1 – control, received full-dose commercial fodder (K); G-2 – re-
ceived feed consisting of commercial granulate mixed with experi-
mental fodder at a 1:1 ratio; G-3 – fed experimental fodder (E), with 
higher amounts of tyrosine (Tyr) and phenylalanine (Phe); N – num-
ber of observations (number of animals × number of hand test per 
animal), SD – standard deviation; colour type evaluation score: 0 – 1 
– 2 – 3 – 4 – 5
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However, there were statistically significant 
differences (P < 0.05) between the initial and final 
measurements of the experiment when assessed by 
a qualified specialist (Figure 3).

Spearman’s correlation coefficients (Table 9) 
between colour type assessment and colour com-
ponents had low to medium values (absolute value 
ranging from 0 to 0.51).

Discussion
The colour of animals’ coat is primarily ge-

netically determined, but it is known that certain 
exogenous or environmental factors may also play 
an important role. For instance, exposure to ultra-
violet (UV) light, particularly in combination with 

Figure 2. Mean values with standard deviations of hand test results, by feeding group and weekly measurements
 G-1 – control, received full-dose commercial fodder (K);  G-2 – received feed consisting of commercial granulate mixed with experimental 
fodder at a 1:1 ratio;     G-3 – fed experimental fodder (E), with higher amounts of tyrosine (Tyr) and phenylalanine (Phe); P > 0.05
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Table 8. Characteristics of colour type assessment (by feeding group)

Feeding 
group N Mean SD Min Max Median

G-1 36 3.64 0.68 2 5 4
G-2 35 3.46 0.66 2 4 4
G-3 36 3.44 0.73 2 4 4
P-value   0.4984
 G-1 – control, received full-dose commercial fodder (K); G-2 – received 
feed consisting of commercial granulate mixed with experimental fodder 
at a 1:1 ratio; G-3 – fed experimental fodder (E), with higher amounts 
of tyrosine (Tyr) and phenylalanine (Phe); N – number of observations 
(number of animals × number of measurements per animal), SD – stan-
dard deviation; colour type evaluation score: 0 – 1 – 2 – 3 – 4 – 5

Table 9. Spearman’s correlation coefficients between colour type 
assessment and colour components

Colour  
components

Measurement, Colour type assessment
month initial final

L* 1 −0.51 −0.23
a* −0.07 −0.03
b* −0.08 −0.22
C* −0.08 −0.22
L* 2 −0.25 −0.33
a*  0.00  0.12
b* −0.04  0.03
C* −0.04  0.03
L* 3 −0.50 −0.42
a* −0.30 −0.26
b* −0.17 −0.18
C* −0.18 −0.19
L* 4 −0.39 −0.42
a*  0.13 −0.11
b* −0.07 −0.26
C* −0.06 −0.26
L* – lightness of chinchilla fur, a* – redness of chinchilla fur,  
b* – yellowness of chinchilla fur, C* – chroma of chinchilla fur
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Figure 3. Mean values with standard deviations of colour type assess-
ment, by feeding group and initial or final measurements
 G-1 – control, received full-dose commercial fodder (K);  G-2 
– received feed consisting of commercial granulate mixed with experi-
mental fodder at a 1:1 ratio;        G-3 – fed experimental fodder (E), with 
higher amounts of tyrosine (Tyr) and phenylalanine (Phe); P > 0.05
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humid conditions and high temperatures, can cause 
photobleaching of dark hair or photoyellowing of 
gray hair. The chemistry of such changes is not fully 
understood, but amino acids, particularly aromatic 
amino acids, are susceptible to damage or polymeri-
sation when exposed to UV light and oxygen (Busch-
Kschiewan et al., 2004; Watson et al., 2017).

To ensure the well-being of chinchillas, it is rec-
ommended to position their cages away from direct 
sunlight. Overexposure to sunlight can lead to an un-
desirable brown hue in their coats, and in summer, 
they may suffer from heat strokes due to overheating. 
Proper ventilation is also important to reduce excess 
water vapour, dust, and gases (ammonia, carbon di-
oxide, hydrogen sulphide). High concentrations of 
ammonia can cause irritation of the conjunctiva and 
mucous membranes and contribute to the develop-
ment of many diseases. Additionally, ammonia can 
cause yellowing of the white belly and discolor-
ation of black hair, negatively affecting coat quality  
(Barabasz, 2008).

Nutrition is another factor that influences hair co-
lour, particularly through the synthesis and deposition 
of eumelanin and pheomelanin in the hair shaft. The 
optimal pigmentation of young animals is obtained 
by increasing dietary Tyr/Phe levels above the basal 
growth requirements, as evidenced by a reduction in 
the a* value determined by spectrophotometry (Wat-
son et al., 2017). The present study revealed statis-
tically significant differences in the a*, b*, and C* 
colour components between the feeding groups. Sig-
nificant differences were also observed in monthly 
colourimetric measurements, as the group fed fodder 
with the highest Tyr and Phe content had the lowest 
a* component values after three and four months of 
the experiment. This tendency was consistent with 
the results of other studies, such as an experiment 
conducted on kittens, where animals fed a diet with 
a low level of phenylalanine and tyrosine developed 
reddish-black hair, and the supplementation with 
these amino acids prevented any change in hair co-
lour from the pre-treatment black hair (Morris et al., 
2002). The latter authors argued that the development 
of red-haired cats’ fur was due to a lack of Phe and/or 
Tyr, which are involved in the formation of melanin 
pigment. In another study by Yu et al. (2001), it was 
found that feed with a low content of the amino acid 
tyrosine resulted in a change of cats’ fur colour from 
black into red, as black female cats fed this feed gave 
birth to red-haired kittens. These authors concluded 
that the requirement to maintain black colour was 
more than 4.5 g Tyr plus 12 g Phe, but less than 24 g 
Phe/kg feed.

Shekar et al. (2008) have suggested that the a* 
dimension of the CIE Lab spectrocolourimetic index 
is a good approximation of hair pheomelanin concen-
tration as it measures the continuum of the red-green 
spectrum. Therefore, a lower value of a* reflects 
a lower concentration of pheomelanin in the hair, 
manifested by a less reddened hair shaft. The results 
obtained in the present study seemed to confirm this 
view, as the group fed fodder with the highest Tyr and 
Phe content had lower a* values (Table 6, Figure 1). 
These findings are the first of their kind for chinchil-
las, and they highlight the importance of balancing 
complete feed mixtures to avoid the appearance of 
a brown shade of hair, especially in animals with 
darker coats (e.g. dark standard, ebony, black velvet).

The differences in colourimetric measurements 
recorded in the present study between subsequent 
months could also be related to hair maturation pro-
cess in chinchillas (Barabasz, 2008). The results of 
the fur assessment conducted by the assessor also 
corresponded with colourimetric test results and in-
dicated hair maturation. However, no differences 
between the feeding groups were observed with this 
method of measurement.

Correlations between colour type assessment and 
colour components were mostly low or moderate, but 
higher values were recorded for the L* component 
(light-dark axis) than for a*, b* or C*. This relation-
ship was consistent with the chinchilla phenotypic as-
sessment model, promoting darker animals (KCHZ, 
2012). It is worth considering whether objective 
measurement methods, e.g. the use of a colorimeter, 
would be helpful in assessing colour type to the as-
sessor. Such methods are currently practiced when 
sorting skins in auction houses, although the control 
and final decision are made by humans (Saga, 2019).

In a study on mink, Clausen and Sandbøl (2009) 
showed that increasing Phe + Tyr levels in two groups 
of mink resulted in a tendency (P = 0.09) for darker 
fur colour when compared to a control group. Ad-
ditionally, the results showed a trend towards lower 
weight in mink kits with lower levels of Phe + Tyr, 
and a trend towards darker fur coats in both black and 
wildtype mink kits with higher levels of Phe + Tyr. 

Increased Tyr content in the fodder did not re-
sult in significant differences in the chinchillas’ reac-
tion to humans. However, a decreasing trend in the 
hand test results was observed in G-3 from the 5th 
week of measurements (Figure 2). Behaviour is 
regulated by neurotransmitters and hormones, and 
changes in the availability of their precursors can af-
fect it. Tryptophan, a serotonin precursor, may pro-
mote the occurrence of aggression, mutilation, and  
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resistance to stress. The latter may also be affected 
by dietary tyrosine levels, which is a precursor to 
catecholamines. Since diet composition influences 
nutrient availability and interactions, the presence 
of these precursors in the brain may influence be-
haviour or stress resistance (Bosch et al., 2007). 
In rats, a tyrosine-rich diet can prevent adverse 
behavioural and neurochemical effects caused by 
acute stressors, including hypothermia, restraint, 
and tail-shock. In stressed rats (tail-shock), inges-
tion of a high-tyrosine diet reversed the post-stress 
decline in brain noradrenaline and attenuated be-
haviour changes, i.e. decreased locomotion, stand-
ing on hind legs, and hole-poking in a novel open 
field (Lehnert et al., 1984; Rauch and Lieberman, 
1990). This suggests that a tyrosine-rich diet may 
be beneficial during periods of severe stress as it 
prevents depletion of the substrate required for cat-
echolamine synthesis during high catecholaminer-
gic activity and demand (Bosch et al., 2007). 

Fur chewing is one of the most common and 
difficult problems on chinchilla farms, affecting 
around 3.5% of animals on 85% of farms. The ae-
tiology of fur chewing has not been conclusively 
established, but it may be related to long-term 
stress, which can lead to the development of repet-
itive behaviours induced by frustration, repeated 
attempts to cope, and/or a central nervous system 
dysfunction known as impulsive-compulsive dis-
order (Łapiński et al., 2014). The present study, as 
well as previous research concerning the effects of 
dietary tyrosine on the neurochemical and behav-
ioural consequences of stress (Lehnert et al., 1984; 
Rauch and Lieberman, 1990; Bosch et al., 2007) 
suggest that feeding chinchillas with impulsive-
compulsive disorders with increased Tyr and Phe 
doses may be justified.

The hand test results from consecutive weekly 
measurements for all animals showed statistically 
significant differences with a downward trend, 
which could be related to the age of the animals. 
Studies on raccoon dogs, minks, foxes, and chin-
chillas have shown that older animals tend to be-
have more calmly than younger ones (Łapiński 
et al., 2013; 2014; 2019; 2023), and this tendency 
was also observed in this study. This could be due 
to the animals’ adaptation to the farm conditions 
and procedures, and repeated treatments may pro-
gressively evoke less aggression in the animals. 
Similar conclusions were drawn by Korhonen 
(1988), who observed that younger raccoon dogs 
were more excitable and active than older raccoon 
dogs.

Conclusions

In summary, the addition of Tyr and Phe to 
chinchilla diets with optimal nutrition did not re-
sult in visible effects on the colour of the hair coat, 
although this effect was recorded in the colourimet-
ric measurements (CIE L*a*b* colour space). The 
lower a* value, reflected in a reduced pheomelanin 
concentration in the hair, and thus less reddening 
of the hair shaft, was obtained in the group fed 
with the highest Tyr and Phe proportion in the diet.  
Age-related changes in fur colour were noted in 
relation to coat maturation. The addition of Tyr 
and Phe did not statistically affect the human- 
animal relationship (hand test results), but it could 
be observed that the animals administered the feed 
with the highest Tyr and Phe content, reacted more 
calmly to humans. The results of the experiment 
seem very promising and suggest that further re-
search is needed to gain a better understanding of 
the observed trends.

Conflict of interest
The Authors declare that there is no conflict of 

interest.

References 
Barabasz B., 2008. Chinchillas – Farm breeding (in Polish). Powszechne 

Wydawnictwo Rolnicze i Leśne. Warsaw (Poland)
Bosch G., Beerda B., Hendriks W.H., van der Poel A.F.B., Verstegen 

M.W.A., 2007. Impact of nutrition on canine behaviour: current 
status and possible mechanisms. Nutr. Res. Rev. 20, 180–194, 
https://doi.org/10.1017/S095442240781331X

Browning H., 2020. The natural behavior debate: two conceptions of 
animal welfare. J. Appl. Anim. Welf. Sci. 23, 325–337, https://
doi.org/10.1080/10888705.2019.1672552  

Busch-Kschiewan K., Zentek J., Wortmann F.J., Biourge V., 2004. UV 
light, temperature, and humidity effects on white hair colour 
in dogs. J. Nutr. 134, 2053S–2055S, https://doi.org/10.1093/
jn/134.8.2053S

Clausen T.N., Sandbøl P. 2009. Coat colour in Mink (Mustela vison). 
Effect of amino acids and chelated minerals (Phe & Tyr, plus 
Fe, Cu & Zn). Scientifur 33, 106

ČSCH, 2021. Vystavy. ČSCH specializovaná organizace chovatelů 
činčil jihoamerických (in Czech). http://socsch-cincily.
guffoo.com/index.php?nid=16061&lid=en&oid=5609307 
(downloaded 1.02.2022) 

EPVC, 2019. International Chinchilla Assessment. Europäische 
Preisrichter Vereinigung für Chinchilla. https://www.pdf-
archive.com/2019/11/03/druckvorlagekartegrossangoras-2/? 
(downloaded 02.09.2022)

Finn J.L., Haase B., Willet C.E., van Rooy D., Chew T., Wade C.M., 
Hamilton N.A., Velie B.D., 2016. The relationship between 
coat colour phenotype and equine behaviour: a pilot study. 
Appl. Anim. Behav. Sci. 174, 66–69, https://doi.org/10.1016/j.
applanim.2015.11.004

https://doi.org/10.1017/S095442240781331X
https://doi.org/10.1080/10888705.2019.1672552
https://doi.org/10.1080/10888705.2019.1672552
https://doi.org/10.1093/jn/134.8.2053S
https://doi.org/10.1093/jn/134.8.2053S
http://socsch-cincily.guffoo.com/index.php?nid=16061&lid=en&oid=5609307
http://socsch-cincily.guffoo.com/index.php?nid=16061&lid=en&oid=5609307
https://www.pdf-archive.com/2019/11/03/druckvorlagekartegrossangoras
https://www.pdf-archive.com/2019/11/03/druckvorlagekartegrossangoras
https://doi.org/10.1016/j.applanim.2015.11.004
https://doi.org/10.1016/j.applanim.2015.11.004


476 Dietary supplementation of chinchillas with tyrosine and phenylalanine

Ito S., 2003. A chemist’s view of melanogenesis. Pigm. Cell. Res. 16, 
230–236, https://doi.org/10.1034/j.1600-0749.2003.00037.x

Jimenez J.E., 1996. The extirpation and current status of wild chinchillas 
Chinchilla lanigera and C. brevicaudata. Biol. Conserv. 77, 
1–6, https://doi.org/10.1016/0006-3207(95)00116-6

KCHZ, 2012. Template for the assessment of the chinchilla phenotype 
(in Polish). National Animal Breeding Centre. Warsaw 
(Poland)

Keeler C., Mellinger T., Fromm E., Wade L., 1970. Melanin, adrenalin 
and the legacy of fear. J. Hered. 61, 81–88, https://doi.
org/10.1093/oxfordjournals.jhered.a108047

Korhonen H., 1988. Activity and behaviour of farmed raccoon dogs. 
Scientifur 12, 27–37

Kühn S., Düzel S., Colzato L., Norman K., Gallinat J., Brandmaier 
A.M., Lindenberger U., Widaman K.F., 2019. Food for 
thought: association between dietary tyrosine and cognitive 
performance in younger and older adults. Psychol. Res. 83, 
1097–1106, https://doi.org/10.1007/s00426-017-0957-4

Lehnert H., Reinstein D.K., Strowbridge B.W., Wurtman R.J., 1984. 
Neurochemical and behavioral consequences of acute, 
uncontrollable stress: effects of dietary tyrosine. Brain Res. 
303, 215–223, https://doi.org/10.1007/s00426-017-0957-4

Łapiński S., 2018. European Chinchilla Breeders Committee – Report 
(in Polish). Informator dla Hodowców Szynszyli 4, 9–10 

Łapiński S., Bzymek J., Niedbała P., Migdał Ł., Zoń A., Lis M., 
2013. Effect of age and temperament type on reproductive 
parameters of female raccoon dogs (Nyctereutes 
Procyonoides, Gray). Ann. Anim. Sci. 13, 807–814, https://
doi.org/10.2478/aoas-2013-0021

Łapiński S., Niedbała P., Markowska K., Rutkowska A., Lis M.W., 2023. 
The effects of age, size, and complexity on the behaviour of 
farmed female chinchillas (Chinchilla lanigera). Sci. Rep. 13, 
6108

Łapiński S., Pałka S., Migdał Ł., Maj D., Bieniek J., 2014. The influence 
of toys on changes in the temperament of the American  
mink (Neovison vison) (in Polish). Fur Animals 3, 16–19 

Łapiński S., Pałka S., Wrońska D., Guja I., Zoń A., Niedbała P., 
Sergina S.N., 2019. Effect of cage enrichment on the welfare 
of farmed foxes. Med. Weter. 75, 665–668, http://dx.doi.
org/10.21521/mw.6242

Mafli A., Wakamatsu K., Roulin A., 2011. Melanin-based colouration 
predicts aggressiveness and boldness in captive eastern 
Hermann’s tortoises. Anim. Behav. 81, 859–863, https://doi.
org/10.1016/j.anbehav.2011.01.025

Morris J.G., Yu S., Rogers Q.R., 2002. Red hair in black cats is 
reversed by addition of tyrosine to the diet. J. Nutr. 132, 
1646S–1648S, https://doi.org/10.1093/jn/132.6.1646S

Ozeki H., Ito S., Wakamatsu K., Hirobe T., 1995. Chemical 
characterization of hair melanins in various coat-colour 
mutants of mice. J. Invest. Dermatol. 105, 361–366, https://
doi.org/10.1111/1523-1747.ep12320792

Prota G., 1995. The chemistry of melanins and melanogenesis. In:  
W. Herz, G.W. Kirby, R.E. Moore, W. Steglich, C. Tamm 
(Editors). Progress in the Chemistry of Organic Natural 
Products 64. Springer Vienna. Vienna (Austria), pp. 93–148, 
https://doi.org/10.1007/978-3-7091-9337-2_2

Quesada J., Senar J. C., 2007. The role of melanin and carotenoid 
based plumage colouration in nest defence in the great 
tit. Ethology 113, 640–647, https://doi.org/10.1111/j.1439-
0310.2007.01364.x

Rauch T.M., Lieberman H.R., 1990. Tyrosine pretreatment reverses 
hypothermia-induced behavioral depression. Brain Res. Bull. 
24, 147–150, https://doi.org/10.1016/0361-9230(90)90299-F

Roach N., Kennerley R., 2016. Chinchilla lanigera (errata version 
published in 2017). The IUCN Red List of Threatened 
Species 2016, e.T4652A117975205, https://doi.org/10.2305/
IUCN.UK.2016-2.RLTS.T4652A22190974.en

Saga, 2019. Saga sorting machine upgrade saves energy and time 
while putting values into action. https://www.sagafurs.com/
sustainability/sustainability-news-at-saga-furs/saga-sorting-
machine-upgrade-saves-energy-and-time-while-putting-
values-into-action/

SAS, 2014. SAS/STAT 13.2 User’s Guide. SAS Institute Inc. Cary, 
NC (USA)

Schallreuter K.U., Kothari S., Chavan B., Spencer J.D., 2008. 
Regulation of melanogenesis--controversies and new 
concepts. Exp. Dermatol. 17, 395–404, https://doi.
org/10.1111/j.1600-0625.2007.00675.x

Shekar S.N., Duffy D.L., Frudakis T., Montgomery G.W., James M.R., 
Sturm R.A., Martin N.G., 2008. Spectrophotometric methods 
for quantifying pigmentation in human hair-influence of MC1R 
genotype and environment. Photochem. Photobiol. 84,  
719–726, https://doi.org/10.1111/j.1751-1097.2007.00237.x

Simon J.D., Peles D., Wakamatsu K., Ito S., 2009. Current challenges 
in understanding melanogenesis: bridging chemistry, 
biological control, morphology, and function. Pigment Cell 
Melanoma Res. 22, 563–579, https://doi.org/10.1111/j.1755-
148X.2009.00610.x

Spotorno A.E., Zuleta C.A., Valladares J.P., Deane A.L., Jimenez 
J.E., 2004. Chinchilla laniger. Mamm. Species 758, 1–9, 
https://doi.org/10.1644/758

Trut L.N., 1999. Early canid domestication: the farm-fox experiment. 
Am. Sci. 87, 160–169

Videira I.F.D.S., Moura D.F.L., Magina S. 2013. Mechanisms 
regulating melanogenesis. An. Bras. Dermatol. 88, 76–83, 
https://doi.org/10.1590/S0365-05962013000100009

Wasmeier C., Hume A.N., Bolasco G., Seabra M.C., 2008. 
Melanosomes at a glance. J. Cell Sci. 121, 3995–3999, 
https://doi.org/10.1242/jcs.040667

Watson A., Le Verger L., Guiot A., Feugier A., Biourge V., 2017. 
Nutritional components can influence hair coat colouration in 
white dogs. J. Appl. Anim. Nutr. 5, e5, https://doi.org/10.1017/
jan.2016.3

Watson A., Servet E., Hervera M., Biourge V.C., 2015. Tyrosine 
supplementation and hair coat pigmentation in puppies with 
black coats – a pilot study. J. Appl. Anim. Nutr. 3, e10, https://
doi.org/10.1017/jan.2015.8

Yu S., Rogers Q.R., Morris J.G., 2001. Effect of low levels of dietary 
tyrosine on the hair colour of cats. J. Small Anim. Pract. 
42, 176–180, https://doi.org/10.1111/j.1748-5827.2001.
tb01798.x

https://doi.org/10.1034/j.1600-0749.2003.00037.x
https://doi.org/10.1016/0006-3207(95)00116-6
https://doi.org/10.1093/oxfordjournals.jhered.a108047
https://doi.org/10.1093/oxfordjournals.jhered.a108047
https://doi.org/10.1007/s00426-017-0957-4
https://doi.org/10.1007/s00426-017-0957-4
https://doi.org/10.2478/aoas-2013-0021
https://doi.org/10.2478/aoas-2013-0021
http://dx.doi.org/10.21521/mw.6242
http://dx.doi.org/10.21521/mw.6242
https://doi.org/10.1016/j.anbehav.2011.01.025
https://doi.org/10.1016/j.anbehav.2011.01.025
https://doi.org/10.1093/jn/132.6.1646S
https://doi.org/10.1111/1523-1747.ep12320792
https://doi.org/10.1111/1523-1747.ep12320792
https://doi.org/10.1007/978-3-7091-9337-2_2
https://doi.org/10.1111/j.1439-0310.2007.01364.x
https://doi.org/10.1111/j.1439-0310.2007.01364.x
https://doi.org/10.1016/0361-9230(90)90299-F
https://doi.org/10.2305/IUCN.UK.2016-2.RLTS.T4652A22190974.en
https://doi.org/10.2305/IUCN.UK.2016-2.RLTS.T4652A22190974.en
https://www.sagafurs.com/sustainability/sustainability-news-at-saga-furs/saga
https://www.sagafurs.com/sustainability/sustainability-news-at-saga-furs/saga
https://doi.org/10.1111/j.1600-0625.2007.00675.x
https://doi.org/10.1111/j.1600-0625.2007.00675.x
https://doi.org/10.1111/j.1751-1097.2007.00237.x 
https://doi.org/10.1111/j.1755-148X.2009.00610.x 
https://doi.org/10.1111/j.1755-148X.2009.00610.x 
https://doi.org/10.1644/758
https://doi.org/10.1590/S0365-05962013000100009
https://doi.org/10.1242/jcs.040667
https://doi.org/10.1017/jan.2016.3
https://doi.org/10.1017/jan.2016.3
https://doi.org/10.1017/jan.2015.8
https://doi.org/10.1017/jan.2015.8
https://doi.org/10.1111/j.1748-5827.2001.tb01798.x
https://doi.org/10.1111/j.1748-5827.2001.tb01798.x

	_GoBack

