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ABSTRACT

The aim of this study is to model the growth samples of four varieties (White, Black, Partridge,
Franciscan) of Spanish Utrerana hen breed, which is endangered, by using Brody, Von
Bertalanffy, Verhulst, Logistic and Gompertz models. For this purpose, a total of 16,235 weight
data observations from 2004 animals reared in free range system were collected. Logistic was
the best suited model for predicting the biological growth curve of White variety in both sexes,
while Von Bertalanffy was the best fitting model for the rest of individuals of the breed, based
on the 5 goodness-of-fit and flexibility criteria: Pseudo-R?>, mean squared error, Akaike informa-
tion criterion, Bayesian information criterion and the biological coherence of the estimated
parameters. Black variety was the heaviest, with values of 2605.96 and 2032.61g (for males and
females, respectively) for a parameter, while White variety presented the lowest maturity weight
(a=2442.99 and 1874.24 g, for males and females, respectively). Conclusively, this growth char-
acterisation is essential for the conservation of the Utrerana hen, to search for new market
niches and a greater profitability to this differentiated product.
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HIGHLIGHTS

e Non-linear models can explain the Utrerana hen growth.
e Females reach maturity earlier than males.
e Utrerana hen shows a strong sexual dimorphism.

Introduction differentiated populations from other Spanish poultry
breeds (Vega-Pla et al. 2019).
There is a growing interest among consumers in

animal products obtained through sustainable produc-

Utrerana hen is an endangered Mediterranean light
breed created during the first half of the 20th century
in Andalusia (southern Spain) (Orozco 1989). It has

four different varieties: White, Black, Partridge and
Franciscan (Figure 1). Its initial productive orientation
was as a laying hen, raised on family farms, but the
birth of approximately 50% of males on each incuba-
tion batch has promoted the traditional use of the
meat carcase of this breed for self-consumption
(Campo 2007). Utrerana poultry breed has shown
moderate genetic diversity among the individuals that
compose the breed (Macri et al. 2019). Moreover,
Utrerana hen and its varieties can be considered as

tion systems, the purpose of which is obtain quality
food, with less impact on the environment and human
health, considering animal welfare (Barba et al. 2016).
Alternative forms of farming, involving local breeds,
are necessary to avoid the loss of biodiversity, the dis-
appearance of animal genetic resources, the search of
economic sustainability and the linkage of population
to rural areas (Alderson 2018; Toalombo et al. 2019).
Utrerana breed is adapted to these systems due to its
high rusticity and low disease prevalence (Del Castillo
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Figure 1. Hen and rooster of each Utrerana variety. A: White; B: Black; C: Partridge; D: Franciscan.

1951). Native poultry breeds have a genome that
makes them more resistant than commercial hybrid
lines to conditions caused by climate change in a spe-
cific geographical area (Mpenda et al. 2019).

Within the cycle life of animals, the total growth
duration can be divided in three phases: an acceler-
ation phase, a deceleration phase, and a stabilisation
phase for ripening (Nogales et al. 2017). So, growth
pattern usually is typically fitted by models with sig-
moidal structure. The study of the growth of a breed
and how certain factors such as variety or sex influ-
ence it, is necessary to establish the potential for meat
productivity (Sariyel et al. 2017). Growth can be
explained through mathematical functions, which
could also predict for the age of sexual maturity or
the suitable age for commercial slaughter, while help-
ing monitoring general health conditions and nutri-
tional requirements (Kaplan and Gurcan 2018).

There are previous bibliographic references on the
productive performance of the growth of some local
Spanish breeds (Francesch 1998; Cubilé et al. 1999;
Sanchez et al. 2000; Muriel 2003; Miguel et al. 2009;
Franco et al. 2012; Cajal and Francesch 2014). Non-lin-
ear growth models (Brody, Von Bertalanffy, Verhulst,
Logistic, Gompertz, and others) have been studied in
other native breeds, geographically and genetically
separated (Yang et al. 2006; Rizzi et al. 2013; Osei-
Amponsah et al. 2014; Mata-Estrada et al. 2020). In the

Utrerana poultry breed, research with the aim to
describe the quality-related characteristics and the
sensory preference of eggs has been performed
(Gonzalez Ariza, Arando Arbulu, et al. 2019, Gonzalez
Ariza, Navas Gonzalez, et al. 2019, Gonzalez Ariza et
al. 2021).

Consequently, the present study aimed to deter-
mine the best fitting non-linear growth curve models
for growth performance of the Utrerana poultry breed,
and the characterisation of their biological curve while
evaluating the relationship between body weight
and age.

Materials and methods
Chicken flock and environmental conditions

The weight-age data for this study were obtained
from 2004 individuals reared under free-range condi-
tions during the years 2018 and 2019 in a public
hatchery located at the Agropecuary Provincial Centre
of Diputacion of Cérdoba, Spain.

The chickens were hatched during the first half in
both years, since this breed describes seasonal laying
patterns regarding the period of eggs (Gonzalez Ariza,
Navas Gonzélez, et al. 2019). The chickens were sorted
into incubation batches according to age in 20
batches. Feed and water were available ad libitum in
all rearing phases (Table 1). At hatching, the chicks
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Table 1. Chemical composition of the compound feed used
for feeding the chicken batches in the study.

Table 2. Number of animals (n) and weight observations (N)
used for each variety in both sexes in the study.

Chemical composition (%) 0-4 weeks 4-32 weeks >32 weeks
Crude protein 20.50 18.00 15.70
Crude fat and oils 2.10 3.00 4.60
Crude fibre 2.80 3.00 3.20
Crude ashes 6.30 5.70 14.00
Calcium 0.90 1.00 4.10
Phosphorus 0.69 0.50 0.46
Sodium 0.15 0.18 0.19
Methionine 0.48 0.32 0.31
Lysine 1.13 0.90 0.72

were placed, sorted per incubation batch, in rearing
rooms (5 birds/m? with electric heaters (Copele LGA,
Copele, Murcia, Spain) in each room). Animals had
access to the outside (1 bird/m?) from 2month of
age on.

Recording for the biological growth curve

The weights were individually measured: on hatching
day, weekly during the first month of life, every 2
weeks from 1 to 3 months and every 28 days from the
age of 3 months on. An electronic scale (measurement
precision = 0,01 g; CSB-600C, Cobos, Barcelona, Spain)
was used to measure weights below 600g, while a
suspended electronic scale (measurement precision =
59g; Kern CH50K100, Kern & Sohn, Balingen, Germany)
was used for animals which exceeded 600g.

Curve fitting

The data file was purged as described by Lupi et al.
(2015). Finally, data of 98.5% of the total of animals
were retained for this study. A total of 16,235 weights
were kept. A slightly higher number of observations
were sampled in females (56.04%) compared to males
(44.96%), due to the fact that 749 males were used
versus 1255 females in the present study (Table 2).

Five non-linear functions were evaluated in the pre-
sent study: Brody, Von Bertalanffy, Verhulst (a variation
of Logistic model; frequently called as Logistic model
in the literature), Logistic and Gompertz (Table 3).
Data were processed with the non-linear regression
procedure from the SPSS Statistics for Windows,
Version 24.0, IBM Corp. (2016). The results for best-fit-
ted model in each variety were compared with real
weight data and animal ages.

The parameter a is defined as the asymptotic or
maximum growth response of the adult bird. The par-
ameter b is related to initial weight (hatch weight).
The parameter k represents the relative growth rate
(exponential growth rate) and indicate the maturity of
individuals. Finally, the parameter m shapes the

Females Males Total
Variety n N n N n N
White 108 967 76 757 184 1724
Black 421 3456 277 2874 698 6330
Partridge 373 2123 175 1442 548 3565
Franciscan 353 2552 221 2064 574 4616
Total 1255 9098 749 7137 2004 16,235

growth curve, thus determining its inflection point
(Loaiza-Echeverri et al. 2013; Tariq et al. 2013; Lupi et
al. 2015; Igbal et al. 2019). For the choice of the best
fit models for each variety and sex, the following crite-
ria were used (Lupi et al. 2015; Pizarro Inostroza et
al. 2020):

1. The use of the coefficient of determination (R?) in
linear regression models determine the quality of
the fit of the used model, but in non-linear
regression models could overestimate higher val-
ues. So, the mathematical approach is Pseudo-R?
and is determined by:

SSResidual

Pseudo — R2 =1-—
SSTOtaIcorrected

where SS is the sum of squares.

2. The lowest mean square of the error (MSE) of the
studied equation, as a measure that includes the
variability of factors not considered by research.

3. The lowest value of the Akaike information criter-
ion (AIC). This tool can consider changes in the fit-
ness quality and the number of parameters
between models:

AIC — NIn(SSRe5|duaI) Y

N

where N is the numbers of observations;
SSResidual is the sum of squares of the residuals;
and K is the number of parameters.

4. The lowest value of Bayesian information criterion
(BIC), that is a model-order selection criterion:

SSResidual

N ) + KxIn(N)

BIC = Nln<

where N is the numbers of observations;
SSResidual is the sum of squares of the residuals;
and K is the number of parameters.

5. Biological coherence of the estimated parameters.

The five fitting models used in the present study were
ranked considering the goodness-of-fit and flexibility
criteria individually. The highest score in the rank was



given to the model obtaining the most desirable value
for each particular criterion.

Afterwards, as goodness-of-fit and flexibility criteria
may differ in terms of which their most desirable val-
ues are and what their magnitude is, a combined
selection index (ICO) was developed following the
premises in Van Vleck (1993) to summarise the pos-
ition in the rank for each of the goodness-of-fit and
flexibility criteria determined for each model. The com-
bined index used (ICO) was as follows:

Pseudo—R?RankPosition « W1+

MSERankPosition * W2 -+ AICRank
Position x W3 + BIgRankPosition * W4

ICO =

All criteria were given the same relevance in the
ICO, hence, no coefficient was used, that is the pro-
portion of 1:1:1:1 was followed. As a result, the models
presenting greater ICO values were those presenting
the best-fitting, explanatory and predictive properties
for each variety and sex (Supplementary Tables S1, S2,
S3, S4 and S5).

Results

A summary of biological curve shape parameters, fit-
ness and accuracy statistics for the different models
that were tested across the Utrerana breed and its
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varieties are shown in Supplementary Tables S1, S2,
S3, S4 and S5. The White genotype, reported the best
fitting values as verified with all models, excluding
Brody model, which presents, in a generalised way,
lower values for Pseudo-R® across all varieties. Brody
model overestimates asymptotic weight, in both sexes,
however the rest of models showed convergence and
very similar adjustment values. Except for White geno-
type, Von Bertalanffy model fitted growth data better
than the rest of studied models. In the White variety,
the Logistic model was the most suitable model.
Supplementary Tables S6, S7, S8, S9 and S10 show the
observed and predicted weights for the best fitting
model for both sexes of Utrerana poultry breed and
its varieties (Table 3).

Table 4 shows the estimated parameters for each
variety and sex using the best fitting model in the
study of the biological growth curve in Utrerana
breed. Males showed a higher body weight in all
growth stages, however these differences become
clearly noticeable from 45days of life, as can be seen
in Figures 2 and 3, where growth of Utrerana and its
varieties are graphically represented.

Table 3. Mathematical description of growth models, biological parameters and growth evaluators.

Inflection Inflection Growth Age to maturity Maturity
Mathematical expression weight age rate (y~a) degree
ay
Brody y=a*(1—b*exp(—k*t)) - - ve =ka(1-1%) - /"(;") u==,
s In(36) '/ In 17\,,/;)
Von Bertalanffy y=a*(1—b*exp(—k*1))**3 yi=% == Ve = 3ky (5) L — %
ay
Verhulst y=al/(1+b*exp(—k*t)) yi=4% t= @ Ve = ky(1 — ’é) — /n(;’b)
1 . /n[ a ‘/'H—1]
Logistic y=a*(1 + exp(—k*t))**( —m) yi=$ ti = ~in2 k/” 1) Ve = mk% <%> ,#
3))
Gompertz y = a*exp(—b*exp(—k*t)) yi=12 t = @ ve = kyln (}‘—j) - /n< -
y = weight, in kg, at age t; t = age in days; a, b, k and m = parameters.
Table 4. Estimated parameters for the best-fitting model for both sexes of Utrerana poultry breed.
Breed/Variety Sex Model a(s.e) k (s.e.) b/m (s.e.) Pseudo-R? MSE AIC BIC
Utrerana F Von Bertalanffy 1979.00 (4.87) 0.014 (0.000) 0.786 (0.004) 0.971 26,591.00 92,696.41 92,717.76
M Von Bertalanffy 2560.30 (10.00) 0.014 (0.000) 0.854 (0.004) 0.976 19,613.76 70,535.13 70,555.75
White F Logistic 1874.24 (11.12) 0.022 (0.000) 5.525 (0.138) 0.953 25,213.26 9803.69 9818.28
M Logistic 2442.99 (25.92) 0.021 (0.000) 5.864 (0.110) 0.963 18,097.62 7424.27 7438.16
Black F Von Bertalanffy 2032.61 (8.74) 0.013 (0.000) 0.788 (0.006) 0.943 22,839.18 34,688.22 34,706.66
M Von Bertalanffy 2605.98 (18.01) 0.014 (0.000) 0.862 (0.006) 0.958 16,114.04 27,844.72 27,862.61
Partridge F Von Bertalanffy 1937.83 (9.84) 0.014 (0.000) 0.781 (0.011) 0.933 32,957.96 22,055.54 22,105.52
M Von Bertalanffy 2484.10 17.46) 0.015 (0.000) 0.845 (0.009) 0.958 19,922.59 14,277.23 14,293.05
Franciscan F Von Bertalanffy 2024.45 (9.25) 0.012 (0.000) 0.752 (0.007) 0.945 24,677.40 25,813.02 25,830.55
M Von Bertalanffy 2595.94 (19.50) 0.013 (0.000) 0.822 (0.007) 0.947 22,827.04 20,740.70 20,733.58

F: female; M: male; s.e.: standard error; Pseudo-R%: non-linear determinative coefficient; MSE: mean square error; AIC: Akaike information criteria; BIC:

Bayesian information criteria.
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Discussion

Hatching weight predicted by the Logistic model in
the White genotype (41.95 and 40.71g for males and
females, respectively) have higher accuracy respect to
the measured hatching weight that the hatching
weight predicted by Von Bertalanffy model in the rest
of varieties (Table 5). Predictions of hatching weight
were between 6.90 and 41.95g, so slightly some
authors supported constraining hatching weight in
order to improve fitting (R%) of the data. Barbato
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Figure 2. Growth curves for both sexes of Utrerana poultry
breed predicted with the best fitting model in comparison
with the observed data.
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(1990) reported that hatching weight should be meas-
ured, but not estimated, while others authors sug-
gested to make a data correction: Mignon-Grasteau et
al. (1999) suggested to constrain hatching weight
within two standard deviations of the mean and
Pasternak and Shalev (1994) suggested weighting
hatching weight by the inverse of the variance.
Utrerana is a slow-growing breed characterised by
clear sexual dimorphism which became evident on the
base of the body weight from 45days onwards.
Utrerana can be defined as a light breed because the
early age of inflection in the growth curve, the high
precocity and the low maturity weight of the individu-
als, compared with other chicken breeds. Males and
females of the White genotype reported lower matur-
ity weights, while for the rest of the varieties
(Partridge, Franciscan and Black), both sexes reported
more similar values (Table 4). Maturity was reached
later in the Franciscan genotype (k=0.013 in males
and k=0.012 in females), while an earliest growth was
reported for the White variety (k=0.021 in males and
k=0.022 in females). A negative correlation between
parameters a and k can be observed across the differ-
ent varieties of the Utrerana breed. Some authors
have suggested that there is a high probability that
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Figure 3. Growth curves for both sexes of Utrerana poultry breed predicted with the best fitting model in each variety in com-

parison with the observed data.
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Table 5. Estimated hatching weight, inflection weight and inflection age for the best-fitting model for both sexes of Utrerana

poultry breed.

Breed/variety Sex Model Hatching weight (g) Inflection weight (g) Inflection age (days)
Utrerana Female Von Bertalanffy 19.23 586.37 61.27
Male Von Bertalanffy 8.00 758.61 67.20
White Female Logistic 40.71 937.12 79.50
Male Logistic 41.95 1221.49 83.20
Black Female Von Bertalanffy 19.48 602.25 64.47
Male Von Bertalanffy 6.90 772.14 67.49
Partridge Female Von Bertalanffy 20.49 574.17 60.73
Male Von Bertalanffy 9.29 736.03 63.59
Franciscan Female Von Bertalanffy 30.90 599.84 65.52
Male Von Bertalanffy 14.74 769.17 68.58

larger and heavier animals are less precocious than
smaller and lighter ones (Bathaei and Leroy 1998).

Regarding other Spanish breeds, Francesch (1998)
collected weights of chickens of Empordanesa Roja,
Penedesenca Negra and Prat Leonada breeds, from
hatching to 20 weeks of age, obtaining values of 2840,
2660 and 2675 g, respectively. In addition, Cubilé et al.
(1999) reported values of 2482g in Penedesenca
Negra breed at 16weeks. These weights are above
those estimated for Utrerana breed for the same age.
Although Utrerana poultry breed has been classified
as a dual-purpose hen, a lower potential for meat-pro-
duction than these other breeds has also been
reported (Fernandez et al. 2009). Sanchez et al. (2000)
using the Mos hen, a native breed with a clear orien-
tation towards meat production reported higher val-
ues for chicken growth (4434 and 36419 in males and
females at 300 days of life).

Contrastingly, it has been reported weights of
1752.609g (Black variety) and 1740.90g (brunette var-
iety) of weight in females at adulthood in Sobrarbe
hen breed, weights of 2491.96g in cocks at 32 weeks
in Extremena Azul breed, and values of k of 0.153 and
a of 2660.91 g using the Gompertz model for cocks of
Castellana Negra breed (Muriel 2003; Miguel et al.
2009; Cajal and Francesch 2014). These results agree
with the findings of the present study. Sobrarbe,
Extremena Azul, Castellana Negra and Utrerana hen
breeds have been genetically selected towards the
egg production in extensive systems, great rusticity
and resistance to extreme weather situations. Besides,
Castellana Negra and Utrerana poultry breeds have a
great geographical proximity and literature indicates
that have a common genetic origin (Orozco 1989).

Predicted k parameters in the present study agree
with those by other authors who used Von Bertalanffy
models in slow-growing broilers and native creole
chickens (Naring et al. 2010; Mata-Estrada et al. 2020).
Still these are slightly lower when compared with local
breeds or slow-growing genotypes using Logistic and

Gompertz models, respectively (Rizzi et al. 2013; Aksoy
et al. 2021). However, Topal and Bolukbasi (2008)
obtained much higher values of k in fast-growing
broilers using Von Bertalanffy model. The relative
growth could be slower in native breeds than in fast-
growing lines due to the lower productive selection
and the environmental conditions of these breeds.

Inflection age estimated by Logistic model in local
chicken of Ghana (Osei-Amponsah et al. 2014) are
close to the values reported in the present study. Both
sexes of Utrerana hen breed present similar results
(<4 days between males and females) at the estimated
inflection age, in contrast with the results obtained by
Mata-Estrada et al. (2020), who reported a difference
between males and females of approximately 10 and
8days for Von Bertalanffy and Logistic models.
Therefore, the slaughter age for Utrerana breed must
be similar in both sexes. In any case, in native breeds
with low inflection weight, the slaughter age must be
delayed until the birds reach a weight close to the
weight at maturity, seeking in the chicken carcase a
differentiated product for the market (Franco et
al. 2012).

Regarding to the best models for describing growth
on poultry, some authors suggested that Von
Bertalanffy growth model was the best model to fit
growth in local breeds (Yang et al. 2006; Mata-Estrada
et al. 2020). Nevertheless, Atil et al. (2007) suggested
that logistic growth model reports the best fit in
broilers when compared to Von Bertalanffy and
Gompertz models. In any case, the results obtained in
the present research are also agree with those
reported by Naring et al. (2017), since they reported
that Gompertz was a suitable model to fit the growth
curve in slow-growing chickens.

Conclusions

The non-linear growth models used in this study are
suitable to describe the biological growth of the
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Utrerana breed, with Logistic and Von Bertalanffy
models standing out as the best fitting models in dif-
ferent Utrerana varieties, in accordance to the good-
ness-of-fit and flexibility criteria. Utrerana growth
curves are very similar to the rest of light breeds, with
a clear sexual dimorphism, hence, males of this breed
could be profitable from a meat production point of
view. The obtained results can be useful for making
zootechnical decisions like determine a slaughter age,
the nutritional requirements and control the health
status of the batch and may support the breeding
program for these endangered breeds. Finally, further
studies are needed to estimate genetic parameters of
the growth curve of this breed and make a genetic
selection of individuals based on growth
characteristics.
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