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Growth Patterns of Two Chinese Native Goose Breeds

ABSTRACT

To study the development rules of Chinese native geese, two breeds,
Shitou and Sichuan White geese were analyzed from 0 to 12 weeks of
age. The growth curves were fitted with commonly used four kinds of
nonlinear models (Logistic, Gompertz, Von Bertalanffy and Richards).
The results showed that the growth curves were appropriately fitted
with all four models but the Logistic and Richards both had the best
fitting with growth curve (R>>0.99). Analyzing the fitting parameters of
the Logistic and Richards, we found that male Shitou had the highest
adult body weight while Sichuan White female had the lowest weight.
In Shitou breed, Shape parameter Predicted with Richards model was
corresponded with Gompertz curve, while in Sichuan breed it was in
between Gompertz and Bertalanffy. Growth parameters predicted with
Logistic model was much more closed to observed value as compared
others. So overall logistic was the best model to analyze the growth
curve in Chinese native goose and Shitou goose had excellent growth
performance when compared to Sichuan White.

INTRODUCTION

Goose is one of the most important economic poultry around the
world because of the growing demand of the human population. At the
present time, goose farming is economically important both in Asia and
Central Europe. Geese meat is rich with nutrition containing protein,
fat, vitamin A, vitamin B, niacin and sugar, and its meat is widely used
as a healthy food due to its high protein, low fat and low cholesterol
Stevenson et al. (1989). Not only is the meat favorably healthy to
humans, it’s by-products are also used to prepare other human daily life
products. The bones and feather stalks can be processed into powder
and have high digestibility as a protein feed, and can be used as fish
meal replacement Ding et al. (2014). The biggest goose producer is
China with 94% of the world production. Until now, twenty-six
Chinese domestic goose breeds have been identified and domestic
goose breeds have better performance due to its better adaptability
to extensive management, better immunity to diseases, a higher
reproduction rate, and better meat quality Zhu et al. (2010). Growth is
the increase in body size per unit of time Rizzi et al. (2013) and growth
performance is one of the main issues in the living organism, genetics
and environmental condition of living organism can influence growth.
Geese are among the fastest-growing avian species commonly raised
for meat. Prediction of growth pattern is an important factor that
contributes to the profitability of an operation in poultry production.
Many factors can affect the profitability like feed type and its cost,
health status of birds and environmental condition for growth, Geng et
al. (2016). That's why predictions of growth when the birds are ready for
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sale are important factors to increase the economy of
poultry operations, Lin et al. (2015). Growth function
mathematics can help in management and efficiency
of animal and birds, in addition, it can also be used
to determined the nutrient utilization and daily diet
requirement, Darmani Kuhi et al. (2010). Growth trend
defines periodic changes of underlying characteristics,
and unfortunately, no one can measure continuously
most of these growth, therefore, it is preferable to use
mathematical functions, Sengll & Kiraz (2005).
Developmentalists are much interested to
understand the developmental change processes
and nonlinear growth curves, because the defining
characteristics of the growth process, such as initial
levels, rates of change during growth spurts, and
asymptotic levels can be estimated. Growth curves
are used to express the time-dependent nonlinear
variation of live weight through a mathematical
function, and the generated equations can be used to
predict the expected weight of a group of animals at
a certain age, Kim et al. (2016). Some existing growth
models can be used to determine the age-live weight
relationship of animals. Growth functions have three
categories, 1%t those that only represent diminishing
returns behavior, 2" those describing smooth
sigmoid behavior with a fixed point of inflection
and 3" those encompassing sigmoid behavior with
a variable point of inflection. Each growth curve has
different characteristics and different mathematical
limitations. Four nonlinear growth models: Logistic,
Gang & Zhen (1997), Gompertz, Mignon-Grasteau
et al. (1999), Bertalanffy, Schofield et al. (2013),
and Richards, Knizetova et al. (1995), equations are
often used to fit the growth curve of poultry. The
von Bertalanffy, Gompertz, and logistic models have
a fixed growth form which inflection points at about
30, 37, and 50% of the asymptote, respectively
while Richards model, which has a variable point
of inflection specified by the shape parameter (d),
Aggrey (2002). Shape parameter has the greater
propensity to change in response to environmental
changes than the asymptotic weight, so, it may be
used to study the effects of environmental stress on
growth, Wang et al. (2012). This reasoning inherently
implies that growth models with fixed shapes may
not contribute to the understanding of the effects of
factors such as dietary and environmental changes on
growth, Liu et al. (2015). The non-linear investigation
of the growth process has some advantages, like it
can help in estimating the relationship between feed
requirements and body weight, Grimm et al. (2011).
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There have been quite few studies that have been
performed with respect to growth analysis in Chinese
local goose. The objective of the current study was to
estimate and compare the growth curve parameters of
Shi Tou Goose (ST) and Si Chuan White Goose (SCW)
with Bertalanffy, Gompertz, Logistic and Richards
models. Growth parameters are important tools
for selection criteria, feed management during the
production period and to know the slaughter weight.
Further examine, whether there are breed differences
in the growth parameters of two geese.

MATERIALS AND METHODS
Ethics statement

This study was approved by Animal Care Committee
of Guangdong Ocean University (Zhanjiang,
Guangdong, People’s Republic of China). The animals
involved in this study were humanely sacrificed as
necessary to ameliorate suffering.

Birds and environmental conditions

Male (40) and female (40) individuals from each
local geese breed of China, ST and SCW, were
compared. The birds were reared from 1 d to 84 d of
life. The geese were maintained under semi-intensive
system of rearing. All birds were reared on litter floor,
with an additional outdoor watering area. Feed and
water were provided ad libitum. The birds were fed
a starter diet (18% CP, 11.8MJ ME/kg, 1.0% Ca and
0.5% P) from 0 to 21 d, and a grower diet (15% CP,
12.2 MJ ME/kg, 0.9% Ca and 0.5% P) from 22 to
84 d. In addition to that, the green grasses were fed
all day. The photoperiod varied from 12 to 14 h of
natural light. The body weight was measured on the
first day and after that every week up-to-the 12" week
of growth.

Statistical analysis

Live weight of all birds related to their age was used
to estimate the Growth Parameter. Widely used non-
linear growth models, Gompertz, Logistic, Bertalanffy
and Richards were fitted to estimate the mean age-
live weight relationship and were compared to find the
optimum growth model for different sexes of geese.
For statistical analysis SPSS version 19 was used and
the coefficients of determination (R? values) were
compared to find the optimum growth model. The
age (days) and the weight (grams) at inflection point
were determined. The mathematical relations of these
models are listed in Table 1.
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Table 1 - Four kinds of growth curve models and the parameters

Model Equation Age (day) at Inflection (IPA) Weight (g) at inflection (IPW)
Logistic Y=A/(1+Be-kt) (InB)/k A2

Gompertz Y=Ae-Bexp(-kt) (InB)/k Ale

Bertalanffy Y=A/(1-Be-kt)3 (In3B)/k 8A/27

Richards Y=A/(1+exp(B-kt)~(1/d)) -k-1In(d/expB) A/(d+1)1/d

A: Maximum body weight, k: Transient growth rate, B: Parameter, t: Weekly age d: Shape Parameter

RESULTS

Growth Curve

Growth curve model is subject to the changes in
each stage of growth and development, and ideal
growth curve model is helpful to guide the production
practice. According to our finding both ST and SCW
breeds male and female had the same growth rate
before 6 weeks of age after that male had more
growth rate than the female. In both breeds males
had more weight than females and between male,

ST male had more weight than SCW male goose,
cumulative growth curve are presented in figure 1.
ST Male and Female growth curve are presented in
figure 2A and B respectively, the growth curve was
coherent, and during the first six weeks the growth
rate was fast and after this the growth rate decreased
gradually. In SCW as in ST goose the growth rate
was fast during the first 6 weeks and then decreased
gradually in the next weeks. Growth curve of SCW
male and female are presented in figure 3 A and B
respectively.
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Figure 1 — A=Cumulative growth curve of Shitou (ST), B=Cumulative growth curve of Sichuan White Goose (SCW)
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Figure 2 — A=Growth Curve of ST male according to nonlinear models, B=Growth Curve of ST female according to nonlinear models
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Figure 3 — A=Growth Curve of SCW male according to nonlinear models, B=Growth Curve of SCW and female according to nonlinear models.

Body Weight

Actual and predicted weights of ST males are
presented in Table 2 and female in Table 3. ST male

weight was significantly (p<0.05) higher than female
at day 1 and from 112" week male weight was very
significant (p<0.01), higher than the female. Actual
and predicted weights of SCW males are presented

Table 2 — Comparisons between the observed values and the estimated values of four fitting curve models in ST Male Goose (g)

Week Observed Value Logistic Gompertz Bertalanffy Richards
0 114.98 +7.38 171.53 38.34 0.03 199.04
1 323.21 +30.17 291.24 142.23 61.52 320.44
2 549.26+78.57 486.99 376.95 324.79 511.86
3 765.73 £136.26 794.57 778.05 788.03 806.34
4 1290.16+222.74 1248.88 1333.54 1384.17 1240.31
5 1904.26 +238.56 1862.05 1990.60 2041.22 1836.03
6 2470.15 +278.38 2596.19 2681.25 2702.58 2570.5
7 3342.05+289.96 3358.92 3345.90 3330.47 3354.38
8 4120.52+361.65 4043.01 3944.76 3903.18 4063.05
9 4588.89+381.76 4580.27 4458.47 4410.85 4608.56
10 4977.89+439.13 4959.88 4883.32 4851.51 4976.65
11 5222.1 +543.13 5208.50 5225.24 5228.03 5202.86
12 5313.68 £592.22 5363.34 5494.88 5545.90 5333.83

Table 3 - Comparison between observed value and estimated value of three fitting curve Models in ST Female Goose (g)

Week Observed Value Logistic Gompertz Bertalanffy Richards
0 105.71 £5.45 249.41 109.88 4221 225.83
1 363.05 +21.10 404.05 288.96 240.40 383.28
2 737.57+49.85 641.11 597.82 601.65 629.57
3 998 +36.27 986.26 1032.67 1076.87 989.16
4 1503.94 +82.60 1452.71 1557.60 1609.62 1468.96
5 2022.16+111.33 2023.51 2121.61 2153.68 2043.14
6 2533.94 +143.44 2642.88 2676.56 2676.91 2652.70
7 3254.94+212.34 3233.13 3187.52 3159.83 3226.98
8 3818.42 +167.20 3729.99 3634.98 3592.65 3712.77
9 4100 £163.84 4106.37 4012.34 3972.26 4088.86
10 4271.05+£174.03 4369.34 4321.67 4299.83 4360.99
11 4576.77 £95.56 4542.85 4569.85 4578.99 4548.57
12 4673.77 £127.48 4653.06 4765.81 4814.60 4673.65
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in Table 4 and female in Table 5. During the growth
period from 0 to 5" week there was no significant
difference between the weights of SCW male and

Growth Patterns of Two Chinese Native Goose Breeds

female. In 6" and 12" week the significant difference
was (p< 0.05), but during 7t"-11" weeks the difference
between weights was very significant (p< 0.01).

Table 4 - Comparison between observed value and estimated value of three fitting curve Models in SCW Male Goose (g)

Week Observed Value Logistic Gompertz Bertalanffy Richards
0 79.78 £11.81 129.77 35.49 1.26 125.89
1 222.47 £19.64 218.49 120.80 68.33 214.56
2 392.28 £60.37 361.41 299.07 274.68 358.42
3 540.53+95.61 581.34 584.92 600.16 580.51
4 935.58 £151.57 897.05 960.90 996.03 898.96
5 1342.58+151.57 1307.85 1387.44 1416.72 1311.39
6 1707.32 +172.48 1779.03 1820.85 1829.01 1781.63
7 2265.89+207.96 2247.30 2226.58 2212.22 2247.01
8 2677.89 £231.59 2650.85 2583.97 2555.64 2648.02
9 2938.94+247.91 2958.06 2884.90 2855.45 2954.77
10 3153.68+267.06 3170.58 3129.93 3112.18 3168.86
1 3349.47+284.78 3308.03 3324.55 3328.87 3308.93
12 3371.11+325.41 3393.11 3476.33 3509.76 3396.75

Table 5 - Comparison between observed value and estimated value of three fitting curve Models in SCW Female Goose (g)

Week Observed Value Logistic Gompertz Bertalanffy Richards
0 79.58 £6.59 133.47 43.12 5.08 12.92

1 229.94 £13.57 227.50 143.10 99.95 218.48
2 408.61 £34.72 378.72 339.76 331.37 373.14
3 574.05 +52.37 607.67 633.65 657.94 608.28
4 950.77 £104.82 924.37 992.99 1025.38 930.97
5 1360.44+126.32 1311.91 1372.69 1391.85 1319.73
6 1641.01 £140.48 1720.80 1733.54 1731.64 1723.80
7 2100.35 £142.06 2089.99 2051.14 2032.03 2086.28
8 2425.29 +152.64 2379.32 2315.57 2289.04 2372.04
9 2557.5 £181.69 2581.90 2527.06 2503.89 2575.68
10 2681.25+189.69 2712.81 2691.38 2680.48 2710.72
11 2838.12 +225.66 2793.08 2816.41 2823.83 2796.09
12 2825.5 +232.10 2840.72 2910.12 2939.12 2848.44

Model Parameters

Four curves result analysis including estimated
parameters, R?, and inflection points are represented
in Table 6. Among all models Bertalanffy curve
showed the lowest R?ranging from 0.992 to 0.994.
The equivalent range was 0.996 to 0.997 for the
Gompertz curve and 0.998 to 0.999 for both logistic
and Richards curves. So among all these models logistic
and Richards were the best fit for the experimental
data from the beginning to the end. In Richards model
shape parameter (Table 6) were 1.289,0.946, 0.785,
and 0.864 for ST male, female and SCW male, female,
respectively. Furthermore, all nonlinear models showed
that ST males and females had greater body weight at
the inflection point as compared to SCW.

DISCUSSION

Variation in growth curves of different domestic
species is predominantly related to the evolutionary

differences between the wild ancestors of species.
Many functions have been developed to deal with
growth and new ones are continuously being proposed,
Beiki et al. (2013). Understanding and estimating, the
defining characteristics of growth processes are key
components of developmental research. Growth curve
is an effective tool for biological analysis, investigation
and interpretation of growth relationships, Ramos et
al. (2013). Nonlinear growth curves are essential for
capturing these various change components like body
weight, inflection point and parameter can easily
be calculated by growth curve models, Nahashon et
al. (2006). The simplest nonlinear models including
logistic, Gompertz, Von Bertalanffy and Richards
were used to study the goose growth. All these four
functions can be well fitted with the growth curve of
ST and SCW goose (R?> 0.99), but further analyses
of four kinds of model fitting parameters are listed in
Table 6. Logistic and Richards models had similar and
higher R?value than the other two models.
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Table 6 - The analysis results of four curves

Growth Patterns of Two Chinese Native Goose Breeds

Sex Model Breed A B k d R2 IPA IPW
Male Logistic ST 5588.997 31.583 0.551 0.999 6.254 2794.498
SCW 3517.185 26.104 0.548 0.999 5.952 1758.592
Gompertz ST 6357.710 5111 0.296 0.996 5.511 2338.870
SCW 3947.340 4.712 0.301 0.997 5.149 1452.145
Bertalanffy ST 7019.657 0.983 0.214 0.992 5.053 2079.898
SCW 4309.734 0.934 0.221 0.994 4.662 1276.958
Richards ST 5494.107 4.262 0.625 1.289 0.999 3.508 2889.910
SCW 3529.109 3.112 0.534 0.946 0.999 4.100 1746.240
Female Logistic ST 4826.101 18.35 0.517 0.998 5.627 2413.050
SCW 2905.548 20.770 0.568 0.998 5.340 1452.774
Gompertz ST 5412.485 3.897 0.285 0.997 4.772 1991.141
SCW 3166.698 4.296 0.327 0.996 4.457 1164.963
Bertalanffy ST 5931.887 0.808 0.207 0.994 4.277 1757.596
SCW 3372.866 0.885 0.249 0.993 3.921 999.367
Richards ST 4898.086 2.322 0.467 0.785 0.998 4.460 2341.734
SCW 2925.590 2.665 0.535 0.864 0.998 3.970 1422.977

ST: Shitou Goose; SCW: Sichuan White Goose; A: Maximum body weight; k: Transient growth rate; B: Parameter; t: Weekly age; d ; Shape Parameter, R2 = coefficient of determination

IPA = age (wk) at point of inflection; IPW: body weight (g) at point of inflection.

Inflection point is the fastest growth rate, after
that the growth rate will gradually slow down. The
inflection age, as the age at maximum instantaneous
relative growth rate, can be used to predict the market
age, Gao et al. (2013). Generally, the curve fitting of
the geese weight-age data was poorer than in other
species of poultry so our findings can be additional
information on the growth pattern of geese. Inflection
point of age and weight was different in all four models.
According to optimal Logistic fitting model male ST
inflection weight and inflection age were 2794.49 g
and 6.25 weeks, respectively while in female it was
2413.05g and 5.62 weeks and our result opposed the
findings of Ye et al (Yehui & Zhong, 2005) at inflection
point in ST goose. Likely the inflection weight and age
in male and female SCW were 1758.59g and 5.95
weeks, 1452.77g and 5.34 weeks respectively. While
according to Richards inflection age of ST male, female
and SCW male, female were 3.50, 4.10,4.46, and
3.97 week while weight at inflection were 2889.91,
1746.24, 2341.73 and 1422.97 grams respectively
(Table 6). So it showed that ST breed got higher weight
then the SCW breed and also the growth rate (Tables
3-5), was faster in ST than the SCW. According to
logistic, Gompertz and Bertalanffy the female reached
the inflection point faster than the male but in Richards
that was opposite in which male reached the inflection
point faster than the female; that was also reported
by Sezer & Tarhan (2005) in quail. That difference
in inflection point could be due to Richards shape
parameter (d), as it has greater propensity to change in
response to environment, Wang et al. (2012).
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In all models the R?value of female was lower than
the male, that could have been caused by higher fat
accumulation during the later stages of growth and
rapid development of sexual organs, Knizetova et al.
(1994). The growth curve fitting not only described
the growth mathematically, but also estimated the
relationship between raising management and Body
weight, which is beneficial to animal husbandry, Shi
et al. (2010). However, almost all of the experimental
goose change in body weight was very little after 9
weeks of age, implying that 9 weeks was the latest
market age for meat type goose.

We found that Logistic and Richards goodness (R?)
and “A" parameter were higher than others. Richards
model has variable points of inflection specified by the
shape parameter “d"”. The Richards shape parameter (d)
showed clear differences between the sexes and it was
higher in males than the females, thus males reached
inflection point more quickly than female. When
shape parameter (d) =0, the model approximates the
exponential growth function and when d=0.67, 1, 2,
the model behaves like the von Bertalanffy, Gompertz,
Logistic model, respectively, Marinakis (2012). Shape
parameters estimated for ST male and female were
close to 1, indicating that their growth curves look like
Gompertz model. On the other hand, d parameters for
SCW breed were between Gompertz and Bertalanffy
models but the logistic predicted growth parameters
were more closed to observed value then all remaining
three models. So overall logistic was the best fitted
model for the growth analysis of Chinese goose and
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results were in disagreement with the previous theory
that stated Gompertz equation was the best fit for the
goose (Hua-Li et al., 2011; Chen et al., 2014).

CONCLUSION

Exploring the growth characteristics of goose will
contribute to the efforts of genetically improving this
little-studied avian species. All four models can be
used to analyze the growth of the goose but due to
having three parameters, using logistic, Gompertz
and Bertalanffy are easier and more reliable than the
Richards, but Logistic model is good predictors of
growth patterns in goose according to our findings.
Shitou goose has better growth performance than the
Sichuan White goose. According to the growth curve
after nine weeks growth rate was very slow, it suggests
that the time of coming onto the market for the goose
should be before nine weeks old.
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