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Table 1- Ingredients of the experimental diets!

AN -0% NRC NRC +0% NRC +1-% NRC
Ingredients (%) -5% NRC NRC +5% NRC +10% NRC
Sl aly 56.16 53.54 48.55 46.85
Corn grain

788 L s IS 41.06 38.26 38.24 32.70
Soybean meal, 44%

i oK e 0.00 3.76 6.00 11.76
Corn gluten meal

Lises o295

Soy oil 0.00 1.16 3.74 5.00
Sal e

Limestone 1.26 1.33 14 1.47
olasd ‘;._m.JS@J

Dicalcium phosphate 0.70 0.80 0.88 1.00
e =)

L-Lysine HCI, 78% 0.00 0.19 0.21 0.20
<

Common salt 0.32 0.31 0.32 0.30
Vu_'ua.n Al g bslae i

Mineral premix 2 0.25 0.25 0.25 0.25
Tl g ol ge Lo glia by

Vitamin premix 3 0.25 0.25 0.25 0.25
OB

Threonine 0.00 0.13 0.15 0.17

siie o5 oS53 b (glasi 05 S =NRC {NRC (V44¢) Lacu 55 siih e 55 (5330 00 3) 50 48] Gomsly (slon o815 b (g5l 05 S = —0% NRC?
i 53 (5350 9l ge 3 wem s 1+ 0] ub) slona &SI L (sslas 85,8 =+ 0% NRC [NRC (144¢) Las 53 st 4 53 (53300 9l g0 5) wemya Voo | Laa 53

INRC (144¢) Los 53 st dim 53 (5330 0l g0 5l s 50 11 -] bl (L slosua oS3 L s5las 85 S =+ - % NRC {NRC (VA¢) Lo 53 s
1 -5% NRC: group with low dietary nutrient density [95% of nutrients recommended by NRC (1994)], NRC: group with medium
dietary nutrient density [100% of nutrients recommended by NRC (1994)], +5% NRC: group with high dietary nutrient density

[105% of nutrients recommended by NRC (1994) and +10% NRC: group with very high dietary nutrient density [110% of nutrients
recommended by NRC (1994)].

ALl aals VA« D3 gpolin g (Alalleps aaly Yoo v o s A foling (Mallips aalg Qe s ve s igpla Jusling ol g bslie iy 5 a SIS /o vy
Bs onalins p St Yoo o B aeliiy o Sbia Ve B2 Gaeliys puSislee 10+ B el s p Slae VA - K ol o S lea Yoo o+ (B ol

s H2 el o Slee Ve e 5 B12 Gl s p S lee Vo B paaling a S le Ve B el s p S lae Yo -
2Each 2.5 kg of vitamin premix provides: 9,000,000 International Units (1U) of vitamin A, 2000000 1U of vitamin D3, 1800 IU of

vitamin E, 2000 mgs of vitamin Ks, 1800 mgs of vitamin B1, 6600 mg of vitamin B2, 10000 mgs of vitamin B3, 3000 mgs of
vitamin B5, 3000 mgs of vitamin B6, 1000 mgs of vitamin B9, 15 mgs of vitamin B12 and 100 mgs of vitamin H2.

e A8 e a8l Vet gas p S Lo ALY s Al a S e 0 5ie 4 S La QALY - ¢ g la ams ol se bslie (i 5l p SHLS Y0 a7
s paibes o S lio Yoo 5 wlEnl S a S e Yoo v s s a S

3 Each 2.5 kg of mineral supplement provides: 99,200 mgs of manganese, 50,000 mgs iron, 84,700 mgs of zinc, 10,000 mgs Cu, 990
mgs of iodine, 250,000 mg choline chloride and 200 mgs of selenium.
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Table 2- Chemical composition of the experimental diets*

(7) sad dssloe obians S 3 -0% NRC NRC +0% NRC +1.% NRC
Calculated composition (%) -5% NRC NRC +5% NRC +10% NRC
(keal/kg) e sslie o8 55590

Metabolizable energy (kcal/kg) 2750 2900 3045 3190
Pl iy

Crude protein 22.80 24 25.20 26.40
ol

Calcium 0.9 0.8 0.78 0.88
i S i

Available phosphorus 0.28 0.3 0.31 0.33
‘aza..h.u

Sodium 0.17 0.15 0.15 0.16
O85!

Arginine 15 0.15 1.49 1.41
Lysine 1.25 1.3 1.55 1.47
Methionine 0.41 0.5 0.46 0.51
Ofeuses + (2 gaie

Methionine + cysteine 0.72 0.88 0.81 0.89
NORTE

Threonine 0.86 1.02 1.07 1.13

siie o5 oS53 b glasi 05,8 =NRC {NRC (V44¢) Lacu 55 sk e 55 (5330 o0 3) 50 48] Gomsly (slon o815 b sl 05,5 = —0% NRC?
i 53 (5350 9l ge 3 wa ;0 1+ 0] ub) slona oS15 L (s5las 85,8 =+ 0% NRC [NRC (144%) Las 53 st 4 53 (53300 9l g0 5) emya Voo | Laa 53

INRC (144¢) Los 55 st dim 53 (5330 0l g0 5l s 50 11 -] bl (L slosua oS3 L s5las 85 S =+ - % NRC {NRC (VA4¢) Lo 53 su
1 -5% NRC: group with low dietary nutrient density [95% of nutrients recommended by NRC (1994)], NRC: group with medium
dietary nutrient density [100% of nutrients recommended by NRC (1994)], +5% NRC: group with high dietary nutrient density

[105% of nutrients recommended by NRC (1994) and +10% NRC: group with very high dietary nutrient density [110% of nutrients
recommended by NRC (1994)].
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Figure 1- Sigmoidal growth curves of Japanese quails fed with different dietary treatments
o NRC 3l jieS wimju 0 (sdie ulge clile L slaylas Sly 3 3 4 +10% NRC 5 NRC 4+5% NRC -5% NRC

L= Lopez.

Body weight, g

aiwa NRC 51 i wm 50 Vs s NRC mlais 50 NRC ) it aum 5o

-5% NRC: group with low dietary nutrient density [95% of nutrients recommended by NRC (1994)], NRC: group with
medium dietary nutrient density [100% of nutrients recommended by NRC (1994)], +5% NRC: group with high dietary
nutrient density [105% of nutrients recommended by NRC (1994) and +10% NRC: group with very high dietary
nutrient density [110% of nutrients recommended by NRC (1994)]. G= Gompertz, R= Richards, v=von Bertallanfy and
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Figure 2- Plot of growth curves to pooled growth data profiles
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Table 3- Parameter estimates (+standard errors, SE) obtained using the Richards function
Tsle s slasles
Dietary treatments?

Ladasial 43 -0% NRC NRC +0% NRC +1-% NRC
Parameters? -5% NRC NRC +5% NRC  +10% NRC
Wo 13.46+3.21 12.97+3.04 11.87£2.09 12.69+2.73
Wi 258.319.49 282.3+10.41 284.30+6.62 294.41+8.95
b 0.095+0.019 0.083+0.015 0.082+0.009 0.081+0.012
n 0.713+0.387 0.476+0.300 0.382+0.186 0.242+0.399

t* 24.3 23.31 22.23 19.14

el N2-1 gy odense K b ois gud; Jae glacuB N 5 b dagassab asn (2l 0Os s @yl Gos w8 o W 5 Wo «uls

Where Wy is the initial weight, W is the final weight, b and n are constants. b is positive and n>-1.
ol 50 aS153 L s5lass 058 =NRC NRC (144¢) baca 55 s e 53 (5330 o) 50 3l aumn 50 0] cysly shoa o815 L (g5l 05, S = —0% NRCY
Ao 3 amsu V0] 0b) slesam 4SS L solas s 5 K = + 0% NRC NRC (VA4¢) Lais 53 s dam 55 (5330 0l 0 3 damyu Voo [l g3 sk
L si st dringd gade al g Sl am o MV -] b LA slesua oI5 L golas 65,8 = +1- % NRC {NRC (V43¢) s 53 s dyum 553 (5300
INRC (vaas)

2 -5% NRC: group with low dietary nutrient density [95% of nutrients recommended by NRC (1994)], NRC: group with
medium dietary nutrient density [100% of nutrients recommended by NRC (1994)], +5% NRC: group with high dietary
nutrient density [105% of nutrients recommended by NRC (1994) and +10% NRC: group with very high dietary nutrient
density [110% of nutrients recommended by NRC (1994)]

Gy 9o da sy sLaoula (§) e Alide sudiy (sladue f suliivul L ouel cuwas (£SE) (5 yiel jls (slagsaads —F Jgaa

s

Table 4- Parameter estimates (+ standard errors, SE) obtained using the different growth functions based on
pooled growth data profiles

(sadiy pol 55
Growth functions
Ladainl 5 3ol 9ol Y0 3
Parameters? Gompertz Richards VVon Bertallanfy Lopez
Wo 8.34+1.72 12.80+2.96 3.5E-8+7.4E-5 14.97+4.11
Wi 295.0948.07 278.24+9.50 298.64+9.59 332.01+21.58
b 0.0619+0.0036 0.0836+0.0140 0.0588+0.0084 2.1740.2077
n - 0.4621+0.2876 - -
v - - 0.0667+3.145 -
k - - - 30.61+2.15

aees e slael U 5 b, K ailes gadi; sladas lacsli 0 5 bk, 1 dagaa sul dasa ol 0o s alsl o S e W s W el

el N2 -1

Where W is the initial weight, W¢ is the final weight, b, k, n and v are constants. b, k and v are positive, and n>-1.
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Table 5- Comparison between the general goodness-of-fit of the models based on various statistical criteria *

‘L;JLJ slaylise
Statistical criteria®

Ead; ol s
Growth functions Adjusted R? RMSE AIC BIC
FopelS
Gompertz 0.9913 425 286 162.0
Saolaen
Richards

e 0.9917 398 285 162.6
SYB
Von Bertallanfy
. 0.9908 444 289 166.6
s
Lopez 0.9899 488 292 170.0

o oledbl Hlas =BIC . lad slay o (:Sikie 4y, ~RMSE (3T oledlbs) 5las =AIC
IAIC= Akaike Information Criterion, RMSE= Root Mean Square Error, BIC= Bayesian Information Criterion.
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Introduction: The Japanese quails are blessed with many desirable characteristics, viz, faster
growth, early sexual maturity, high rate of egg production (300 egg/annum), short generation
interval (3-4 generations a year), small floor space, less feed requirements (20-25 g/adult bird/day),
short incubation period of hatching eggs, less feed cost, and less susceptibility to common chicken
diseases (Ernst, 2000). In consequence and due to shortage of available data on nutrient
requirements of quails, prediction of biological responses of this type of poultry to nutrients using
growth functions seems to be beneficial. Growth modeling are also critical for the understanding
and formulation of breeding plans because they shift in response to selection (Marks et al. 1988,
Mignon-Grasteau et al. 1999, Aggrey 2003 and Beiki et al. 2011). The representation of biological
concepts through the simulation of growth dynamics enables us to better adapt management and
nutrition to the requirements of the animals, while taking into account the interaction between
genotype, nutrition and environmental conditions [Torres and Ferket 2012]. Eleroglu et al. (2014)
pointed out that the application of mathematical functions to describe the growth of birds was useful
in estimating production termination deadline and formulation of appropriate feed mixtures
(Michalczuk et al. 2016). Ersoy et al. (2006) claimed the Gompertz and Richards models to be the
most appropriate for the characteristics of the growth of chickens, ostriches, turkeys and emus.
Conflicting concluding by various authors upon the use of the same functions may result from the
use of different genetic groups of birds in experiments. The objective of the present study was 1) to
determine the best predictive growth function in describing data from Japanese quails and 2) to
investigate the effect of dietary nutrients density on the growth curve parameters estimated by the
growth models.

Material and methods: One thousand and fifty one-day-old Japanese quails were randomly
divided into 4 dietary treatment groups with 3 replicates of 86 quails in each in order to compare
four growth functions (Gompertz, Richards, von Bertalanffy and Lopez) for their predicable
abilities in describing growth of Japanese quails. The treatment groups were: 1) group with low
dietary nutrient density [95% of nutrients recommended by NRC (1994), -5% NRC], 2) group with
medium dietary nutrient density [100% of nutrients recommended by NRC (1994)], 3) group with
high dietary nutrient density [105% of nutrients recommended by NRC (1994), +5% NRC] and 4)
group with very high dietary nutrient density [110% of nutrients recommended by NRC (1994),
+10% NRC]. Body weights of the birds were measured weekly over the 56 day of the experimental
period. Evaluation on the goodness of fit for the models were made by R?, AIC, BIC, and RMSE
criteria.

Results and discussion: Evaluation on the goodness of fit for the models using R2, RMSE, AIC,
BIC criteria showed advantage for the Richards in describing the growth data of Japanese quails
which can be related to the variable point of inflexion in the Richards model and therefore its
flexibility. According to the four growth functions considered, estimated final body weights were
higher in the high density than the low density diets. The age at point of inflection were earlier in
high versus low density diets. As early as 1945, Brody suggested that it was possible to select on the
shape of the growth curve. A phenotypic modification of the growth curve was also observed in
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previous studies. Marks et al. 1988, Mignon-Grasteau et al. (1999), Aggrey 2003 and Beiki et al.
(2011) showed that growth curve parameters were heritable. However, data shortage of the
nutritional requirement necessary for quail breeding makes the mathematic simulation methods very
useful in estimating the biological answer to the food nutrients contribution. The method of
mathematic simulation of growth using growth functions can also provide the response of the
growth parameters to nutrition (Daren and Marks 1988; Marks 1991; Gebhardt-Henrich and Marks
1993) which has the potential benefits when used for selection.

Conclusion: In summary, it was concluded that data regarding the growth parameters of quails
would be best interpreted with the use of the Richards model. Meanwhile, since almost all the
growth parameters estimated by the models were affected by the dietary nutrients density, therefore
special attention needed will be given to the nutrition when selecting the quails as parental for the
next generation through parameters estimated by mathematical simulation using growth functions.
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