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Abstract: Two experiments were conducted in order to evaluate the effect of dietary 
inclusion of guava extract on laying performance and lipid stability of egg of Japanese 
quails. For the fi rst experiment, 384 Japanese quails with 42 days old were distributed 
in a completely randomized design with four treatments (0.0; 3.0; 6.0; 9.0 g.kg-1 guava 
extract), 6 replicates, and 16 birds/replicate. The experimental period lasted 84 days, 
divided into 4 cycles of 21 days. The parameters evaluated were: feed consumption, egg 
production, egg mass, feed conversion ratio, egg weight, and egg internal and external 
qualities. On the second experiment, 400 eggs from Japanese quails fed with diets 
containing four levels of guava extract were distributed in a completely randomized 
design with a 4x4 factorial arrangement (guava extract levels and storage time: 0, 9, 
18, 27 days) with 5 replicates. Analysis of thiobarbituric acid reactive substances was 
performed on egg yolks. Data were submitted to regression analysis, using α=0.05. On 
the fi rst experiment, the laying performance parameters were not infl uenced by the 
inclusion of guava extract in the feed, and eggshell thickness decreased linearly. On the 
second experiment an interaction was observed between the studied factors, affecting 
lipid oxidation in egg yolks. At nine days of storage, there was a quadratic effect of levels 
of dietary guava extract on lipid oxidation of yolk, being observed that using 4.8 g.kg-1 of 
guava extract on feed results in less lipid oxidation.
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INTRODUCTION

The egg quail production is growing in Brazil 
whereas the number of quails doubled between 
2008 and 2018 (Instituto Brasileiro de Geografi a 
e Estatística 2018). Allied to the productive 
qualities of quails, the change in global feeding 
habits noticed throughout the last decade 
favoured the increase in quail egg consumption. 
Owing to its nutritive character, quail egg 
represents a good alternative to improve human 
nutrient intake, since they constitute a source of 

proteins, minerals, and vitamins (Souza-Soares 
& Siewerdt 2005).

Among other factors, egg quality depends 
on its storage conditions and on bird nutrition. 
Changes start to occur right after egg laying, 
with an egg quality reduction and consequent 
deterioration (Giampietro-Ganeco et al. 2012). 
Among many deteriorating phenomena, lipid 
oxidation is a key issue that must be solved in 
order to extend the lifetime of oils, fats, and 
lipid fractions in some foods (Ramalho & Jorge 
2006). Currently, essential plant extracts and oils 
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have been used as natural antioxidant sources 
(Freitas et al. 2013).

In that regard, Brazil is one of the largest 
guava producers in the world, with an average 
production of 328.255t (Agrianual 2009). 
According to Mantovani et al. (2004), during 
guava processing, after the steps of pulping 
and washing with chlorinated water, a residue 
composed mainly of seeds is obtained at 
a proportion of 4 to 12% of the total mass of 
processed fruits.

In addition to its nutritional capacity, the 
residue obtained from guava processing also 
shows antioxidant activity, a characteristic 
correlated with total phenolic content (Jiménez-
Escrig et al. 2001, Melo et al. 2011). According 
Oliveira et al. (2018), guava byproduct can be 
used as an alternative antioxidant additive in 
broiler’s diet. 

The use of the guava-processing residue on 
Japanese quails’ diet is promising, as long as both 
the oxidative power on quail egg production and 
its influence on internal and external egg quality 
are evaluated. The present study aimed to 
evaluate the effects of including an antioxidant 
extract produced from guava processing in the 
diet of Japanese quails, regarding egg quality 
and bird performance.

MATERIALS AND METHODS

Two experiments were conducted between 
July and November 2015, in Goiânia, GO, Brazil 
(16°35’33.0”S 49°16’51.4”W). All procedures in this 
study were conducted according to the protocol 
registration nº 075/14 and were approved by the 
Ethics Committee on Animal Use.

On the first experiment, 384 Japanese quails 
(Coturnix japonica) aged 42 days were used. 
The quails weighted 138±10 g at the beginning 
of production phase. Birds were distributed 

in a completely randomized design with four 
treatments, six replicates, and 16 birds per 
experimental unit. The experimental period 
lasted 84 days, divided into four cycles of 21 
days.

The statistical model used was:

yij=m+ti+eij

where:
yij: an observation in treatment i (i=1,2,3,4) and 
replicate j (j=1,2,3,…,6);
m: the overall mean;
ti: the fixed effect of treatment i (i=1,2,3,4);
eij: the random error with mean 0 and variance 
σ2.

Treatments consisted of four inclusion 
levels of guava extract (GE) on diets (0.0; 3.0; 
6.0 and 9.0 g.kg-1). The experimental feeds 
were isonutritive and formulated following the 
recommendations from Rostagno et al. (2011) 
(Table I). Starch energy was counted to the total 
metabolizable energy value.

To obtain the guava extract, residues from 
the industrial processing, mainly composed of 
seeds, bark, and pulp remnants, were provided 
by Industria Predilecta Alimentos LTDA (located 
in Matão-SP). Residues were dehydrated in a 
forced air oven at 40ºC for 72 hours, after which 
the material was ground in a knife mill, resulting 
in a powder that was stored in plastic bags, 
at room temperature and away from the light. 
The hydroalcoholic extract was obtained by 
percolation of the plant material contained in 
the powder, using 50% alcohol (v/v) as solvent. In 
a percolator containing filter paper and cotton, 
2 kg of plant material and 10 litres of solvent 
were added, and the material was subjected to 
maceration for 24 hours.

After percolation started, there was intense 
dripping until solvent depletion. Care was taken 
to avoid leaving the powder without solvent, 
to prevent it from drying out. Afterwards, the 
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liquid obtained from the percolated powder was 
retrieved in 10 rounds, based on the method 
adapted from the Formulário de Fitoterápicos 
da Farmacopeia Brasileira (BRASIL 2011). After 
percolation, the liquid extract was concentrated 
by solvent evaporation using a fan at room 
temperature until a solid content of 3.7% was 
obtained. The processing of the concentrated 
extract was performed on the Laboratory of 

Research, Development and Innovation of 
Bioproducts of the Faculty of Pharmacy of the 
Federal University of Goiás.

In the standard tannic acid curve, 
constructed through the absorbance versus 
concentration ratio, the equation and R2 value 
for the determination of the concentration of 
total phenols in the extract are expressed (Figure 
1).

Table I. Composition and nutricional values of experimental diets containing different levels of inclusion of guava 
extract (GE).

Ingredients
Treatments (g.kg-1/GE)

0.0 3.0 6.0 9.0

Corn 546.82 544.12 541.41 538.71

Soybean meal 326.21 326.78 327.35 327.92

Guava extract 0.00 3.00 6.00 9.00

Starch 9.00 6.00 3.00 0.00

Soy oil 14.70 16.84 18.99 21.13

Limestone 57.80 57.80 57.80 57.79

DL-Methionine 3.52 3.52 3.52 3.53

L-Lysine HCL 1.89 1.88 1.87 1.86

L-Tryptophan 0.06 0.06 0.06 0.06

Premix¹ 40.00 40.00 40.00 40.00

TOTAL 1000.00 1000.00 1000.00 1000.00

Calculated composition (g.kg-1)

Metabolisable energy (Kcal/kg-1) 2,800.0 2,800.0 2,800.0 2,800.0

Sodium 1.88 1.88 1.88 1.87

Calcium 30.99 30.99 30.99 30.99

Available phosphorus 4.06 4.06 4.06 4.05

Crude protein 199.40 199.40 199.40 199.40

Digestible Lysine 10.83 10.83 10.83 10.83

Digestible Methionine + Digestible Cystine 8.88 8.88 8.88 8.88

Digestible Threonine 6.62 6.62 6.62 6.62

Digestible Tryptophan 2.27 2.27 2.27 2.27
¹ Premix: Provided per kg of product: calcium – 189.65 g; sodium – 37.5 g; phosphorus – 75 g; fluorine – 750 mg; retinol – 67.5 mg; 
cholecalciferol – 1.75 mg; tocopherol – 1.27 mg; menadione – 50 mg; thiamine – 82.5 mg; riboflavin – 212.5 mg; pyridoxine – 125 
mg; cobalamin – 0.50 mg; pantothenic acid – 375 mg; niacin – 875 mg; folic acid – 37.5 mg; biotin – 5 mg; choline – 4.875 mg; Cu – 
225 mg (as CuSO4); Fe – 1.125 mg (as FeSO4); Mn – 2.500 mg (as MnSO4); iodo – 22.5 mg (as Ca(IO3)2); Zn – 750 mg (as ZnSO4); Se – 12.5 
mg (as Na2SeO3); zinc bacitracin – 550 mg; methionine 28.7 g.
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Birds were allocated in groups with 24 
experimental cages made of galvanized wire, 
measuring 100 x 40 x 16 cm (length, width, 
and height, respectively), subdivided into four 
compartments of 100 x 40 x 16 cm equipped with 
nipple-type drinkers, trough-type feeders and 
excreta trays. 

Maximum and minimum temperatures 
during the experimental period were recorded 
by using a digital thermo hygrometer. The 
maximum and minimum values recorded were 
34.7°C and 18.7°C, respectively. An automated 
timer was used to control the photoperiod, 
which consisted of 17 hours/continuous light, 
with 11 hours of natural light and 6 hours of 
artificial light. Feed and water were provided 
freely during the experimental period.

At the end of each 21-day period, feed 
consumption (g/bird/day), egg production (%), 
egg mass (kg), food conversion ratio per egg 
mass (kg/kg) and per dozen eggs (kg/dz) were 
evaluated. On the last three days of each period, 
mean egg weight, yolk weight (g), albumen 
weight (g), albumen diameter (mm), yolk colour 
(score 1 to 15), specific gravity, Haugh unit, yolk 
index, albumen index, albumen, shell and yolk 

percentages, and yolk and albumen pH were 
evaluated in order to assess egg quality.

Eggs were collected once a day and 
production (%) was calculated by dividing the 
total amount of eggs per experimental unit 
on that period by the number of quails. Feed 
consumption (g/bird/day) was calculated by 
the difference between weights of the provided 
feed and the leftovers on the 1st and 21st days 
of the cycle, respectively, for each experimental 
unit. Egg mass was calculated by multiplying 
the egg production (units) by the mean egg 
weight (g) per parcel. Food conversion per egg 
mass was calculated by the ratio between feed 
consumption and egg production, and the result 
was multiplied by 12.

Specific gravity (SG) was determined 
according to the methods described by Hamilton 
(1982), where eggs were immersed in saline 
solutions with densities varying from 1.050 to 
1.090 with an interval of 0.005.

The albumen and yolk heights (mm) were 
measured with a micrometre. Yolk index was 
determined by the ratio between yolk height and 
yolk diameter. Albumen index was determined 
by the ratio between albumen height and 
the average of the two measured albumen 

Figure 1. Standard curve 
for the measurement 
of total phenols in the 
concentrated liquid 
extract of guava.
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diameters. Haugh unit was calculated following 
the equation: UH = 100 x log (H – 1.7P0.37 + 7.57), 
where: UH = Haugh unit; H = albumen height; P = 
egg weight (Silva 2004).

Yolk and albumen diameters were measured 
with a digital calliper (±0.01 mm). Albumen 
diameter was measured in two widths (smaller 
and larger), obtaining the average between 
these two values expressed in millimetres (mm) 
to determine the albumen index.

Yolk colour was determined using a colour 
fan from Roche®. Yolk and albumen pH were 
determined with a bench pH meter. Composed 
samples were made out of four albumens and 
four yolks.

Egg shells were washed and dried at room 
temperature for 72 hours, after which they were 
weighted. Shell thickness was measured with 
a digital calliper in two points at the middle-
transversal area of the shell, from which an 
average measure expressed in millimetres (mm) 
was obtained for statistical analysis.

Albumen weight was determined through 
the equation: AW = EW – YW – SW, where AW 
= albumen weight; EW = egg weight; YW = yolk 
weight; SW = shell weight. Percentages of yolk, 
shell and albumen were obtained through the 
relationship: (component weight/egg weight 
multiplied) x 100.

The data were presented as a pool of the 
results of each cycle.

At the end of the first experiment, 400 eggs 
from Japanese quails fed experimental diets 
containing four different levels of guava extract 
were used to perform the second experiment. 
A completely randomized experimental design 
with a factorial arrangement 4x4 was used, with 
four levels of guava extract inclusion (0.0; 3.0; 
6.0 and 9.0 g.kg-1) and four storage times (0; 9; 
18 and 27 days), totalling 16 treatments with five 
replicates and five eggs per replicate.

The statistical model used was:

yijk=m+ai+bj+(ab)ij+eijk

where: 
yijk: an observation in level i of factor a (i=1,2,3,4), 
level j of factor b (j=1,2,3,4) in repetition k 
(k=1,2,…,5);
m: the overall mean;
ai: the fixed effect of level i of factor a (i=1,2,3,4);
bj: the fixed effect of level j of factor b (j=1,2,3,4);
(ab)ij: the effect of the interaction of level i of 
factor a (i=1,2,3,4) with level j of factor b (i=1,2,3,4);
eijk: the random error with mean 0 and variance 
σ2.

Eggs were stored in identified commercial 
plastic packages and kept at room temperature. 
Analysis of thiobarbituric acid reactive 
substances (TBARS) was performed on fresh egg 
yolks at 9, 18 and 27 days of storage.

The maximum and minimum temperatures 
were recorded by a digital thermo hygrometer. 
Maximum and minimum temperatures during 
the experiment were of 31.0 ºC and 24.3 ºC, 
respectively.

At each storage period, f ive eggs 
representing an experimental unit were broke. 
Yolks were separated from the albumen and the 
yolk pools of each treatment were kept frozen 
in a Coldlab/CL120-86V freezer at -80 ºC for 
subsequent TBARS analysis. This temperature 
interrupts processes that degrade the material.

Lipid oxidation was determined by 
quantifying TBARS, which was measured by 
spectrophotometry at 538 nm absorbance 
and expressed in mg of malondialdehyde per 
gram of sample according to the methodology 
adapted from Vyncke (1970).

For the TBARS analysis, the yolk pools 
was defrosted for 24 hours in a conventional 
refrigerator and then homogenized. Two 5g 
samples were taken from each replicate, and 
12.5ml of trichloroacetic acid at 7.5% were added. 
Samples were homogenized for one minute in 
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an aluminium homogenizer cup equipment. 
The content was filtered through a qualitative 
paper filter and 2.5ml of thiobarbituric acid at 
1% were added to the filtered sample. Samples 
were submitted to a water bath for 40 minutes 
and then cooled for 15 minutes at room 
temperature. Finally, the malondialdehyde and 
thiobarbituric acid reactive substances contents 
were determined by spectrophotometry.

Bird performance and egg quality data 
were evaluated by regression analysis (α=0.05), 
considering a tendency of α between 0.05 and 0.1. 
Data on lipid oxidation were evaluated by ANOVA 
and regression analysis to levels of dietary guava 
extract (α=0.05). The R Development software 
package was used in all analysis.

RESULTS

Inclusion of the guava extract did not affect 
(P>0.05) feed consumption, laying percentage, 
produced egg mass, and feed conversion ratio 
(Table II). A tendency for linear reduction 
(P=0.079) could be observed on the conversion 
per egg mass (kg/kg), following the increased 
levels of guava extract in the feed.  

Egg quality (egg weight, yolk and shell weight, 
yolk, shell and albumen percentages) was not 
influenced (P>0.05) using guava extract on diets 
(Table III). There was a tendency of increase of 
albumen weight according to inclusion of guava 
extract in diet (P=0.094).

Except for eggshell thickness, differences 
in internal and external egg qualities (Table IV) 
were not observed (P>0.05) among the quails 
fed with different guava extract levels. Eggshell 
thickness was influenced (P=0.012) by guava 
extract on feeds and decreased linearly. 

There was an interaction (P<0.05) between 
the studied factors (guava extract levels x eggs 
storage period) on the yolk lipid oxidation 
(Table V). According to the interaction, there 
was no significant difference (P>0.05) on time 
0, 18 and 27 days related to the levels of guava 
extract tested. It is possible to infer that there 
was no antioxidant effect of the guava extract 
for fresh eggs, thus no differences in egg quality. 
At nine days of storage, there was a quadratic 
effect of levels of dietary guava extract on lipid 
oxidation of yolk, being observed that using 4.8 
g.kg-1 of guava extract on feed results in less lipid 
oxidation. 

Table II. Feed consumption (FC), egg production (EP), egg mass (EM), conversion per egg mass (CEM) and dozens of 
eggs (CDE) of japanese quails fed diets containing different levels of guava extract.

LEVELS
 (g.kg-1)

FC
(g/bird/day)

EP
 (%)

EM
 (kg)

CEM
 (kg/kg)

CDE
 (kg/dz)

0.0 26.14 96.34 3.867 2.273 0.326

3.0 25.72 96.41 3.896 2.219 0.320

6.0 26.16 96.61 3.996 2.202 0.325

9.0 26.19 96.01 3.972 2.216 0.327

P value

Linear 0.422 0.702 0.192 0.079* 0.343

Quadratic 0.313 0.636 0.502 0.172 0.235

SEM

0.0002 0.7087 0.0383 0.0242 0.0032
*Y = 2.2561 – 0.0627x; R2 = 0.56; SEM: standard error.
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DISCUSSION

The feed consumption was not different among 
the treatments studied, since feeds were 
isonutritive and isoenergetic, and consequently 
no alteration on the productive performance 

occurred. This result was similar to the one 
found by Freitas et al. (2013), who studied the 
inclusion of mango extract on laying hens feed, 
with similar antioxidant function and no found 
differences regarding performance variables.

Table III. Mean egg weight (EW); yolk weight (YW); shell weight (SW); and albumen weight (AW); percentage of yolk, 
shell and albumen of japanese quail eggs fed with diets containing different levels of guava extract.

LEVELS 
(g.kg-1)

EW 
(g)

YW 
(g)

SW 
(g)

AW 
(g)

YOLK 
(%)

SHELL 
(%)

ALBUMEN (%)

0.0 11.94 3.56 0.94 7.44 29.81 7.93 62.26

3.0 12.03 3.64 0.95 7.44 30.25 7.91 61.84

6.0 12.31 3.61 0.96 7.73 29.34 7.83 62.83

9.0 12.31 3.72 0.95 7.64 30.20 7.77 62.03

P value

Linear 0.151 0.605 0.310 0.094* 0.271 0.751 0.228

Quadratic 0.647 0.669 0.468 0.421 0.208 0.830 0.250

SEM

0.0844 0.0308 0.0090 0.0589 0.1622 0.0691 0.01655

*Y = 7.4280 – 0.2989x; R2 = 0.57; SEM: standard error.

Table IV. Egg shell thickness (ST); specific gravity (SG); Haugh unit (HU); yolk color (YC); yolk index (YI); albumen 
index (AI); pH of yolk and albumen of japanese quail eggs fed diets containing different levels of guava extract.

LEVELS 
(g.kg-1)

ST 
(mm)

SG HU
YC

(1 to 15)
YI AI

pH
YOLK

pH
ALBUMEN

0.0 0.20 1.069 91.64 4.17 0.46 0.12 5.98 8.64

3.0 0.19 1.069 91.77 4.12 0.46 0.12 6.00 8.62

6.0 0.18 1.069 90.94 4.39 0.45 0.12 5.95 8.59

9.0 0.18 1.068 90.98 4.73 0.45 0.12 6.00 8.61

P value

Linear 0.012* 0.791 0.759 0.445 0.205 0.623 0.601 0.596

Quadratic 0.133 0.555 0.917 0.183 0.488 0.790 0.595 0.701

SEM

0.0027 0.0006 0.4337 0.0749 0.0047 0.0031 0.0308 0.0514

*Y = 0.1957 – 0.0172x; R2 = 0.83; SEM: standard error.
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According Mello et al. (2018) the use of 0.3% 
inclusion of guava extract, contained ellagic 
acid in layer quail diets enhance the intestinal 
development of the neonate quail. So, it was 
expected that antioxidant substances on guava 
extract would improve the performance of quail, 
possibly by increasing nutrient absorption by 
improving poultries intestinal health, however, 
it was not observed.

Eggs internal components are produced by 
hormonal stimuli. Considering those stimuli are 
mechanisms activated by hormonal pathways, 
guava extract may have had no effect on the 
quantitative increase of these components, and 
consequently no effect on the increase of mean 
egg weight. Additionally, the feed consumption 
was not different according to use of guava 
extract in diets, resulting in similar egg weight 
and egg internal components, although it has 
been observed a tendency to increase the 
albumen weight. Wang et al. (2018) verified that 
dietary supplementation of tea polyphenols, a 
natural antioxidant, affect the albumen quality 
of laying hens. The authors related that the 
effects may be associated with improvement 
of the magnum health status and ovomucin 
composition. Since the guava extract is rich in 
phenols compounds, it could have a similar 
effect to tea polyphenols.

Zhao et al. (2011) observed no difference 
on egg weight of commercial laying hens fed 
diets containing ginger powder, an antioxidant 
additive rich in polyphenolic compounds 
such as the guava extract. Freitas et al. (2013) 
also verified no difference on yolk, shell and 
albumen weights of commercial laying hens 
fed diets containing extracts from mango 
seed and skin, which are fractions rich in total 
phenolic compounds (Huber et al. 2012). These 
are bioactive compounds with great antioxidant 
potential, similar to the guava extract used on 
Japanese quail feeds in the present study.

The eggshell thickness is related to laying 
hens age, weight, and egg size (Oliveira & Oliveira 
2013). Normally, there is a decrease in eggshell 
percentage and thickness as the bird produces 
larger eggs. In this study, it was observed that 
the guava extract results in decrease of eggshell 
thickness. The excess of reactive oxygen species 
(ROS) may inhibit osteoblast differentiation and 
proliferation and stimulating osteoclastogenesis 
(Li et al. 2009). Therefore, the use of an 
antioxidant could reduce the ROS production 
and improve the bone mineralization. Some 
authors have been related the protective effect 
on bone of lycopene, that is also a natural 
antioxidant. Liang et al. (2012) concluded that 
lycopene treatment can inhibit bone loss and 

Table V. Lipid oxidation means (TBARS values) of egg yolks from japanese quails fed diets containing different 
levels of guava extract stored at 0, 9, 18 and 27 days expressed as mg/MDA/kg.

PERIOD
(days)

LEVELS
(g.kg-1)

ANOVA
P value L4 Q5 SEM6

0.0 3.0 6.0 9.0 T1 D2 T*D3

0 1.780 1.8250 1.6824 1.7447

0.2189 0.0188 0.0244

0.5191 0.4336

0.069
9 1.8513 1.4934 1.7171 1.7171 0.012 0.0136*

18 1.6908 1.6465 1.6809 1.5806 0.8745 0.5718

27 1.7816 1.8171 1.6579 1.9276 0.1525 0.0803
1T = treatment; 2D = period; 3T*D = interaction treatment and period; 4L= Linear; 5Quadratic; 6SEM = standard error.
*Y = 1.8109 – 0.9539x + 0.9939x2; Ŷ=4.8 R2 = 0.23.
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increase bone strength in rats. However, it 
could result in priorization of bone formation in 
detriment of eggshell development, that results 
in thinner eggshell when an antioxidant is used 
in diets.

No significant differences were observed 
on specific gravity. However, these values are 
consistent with the ones found by Costa et al. 
(2008) and are slightly smaller than the ones 
observed by Móri et al. (2005), both working with 
laying Japanese quails.

The Haugh unit (HU) did not differ with the 
inclusion of guava extract in the feed, because 
no effects were observed in egg weight and 
albumen height. It is known that albumen height 
tends to suffer alterations after laying, and the 
analysis was performed on fresh eggs.

The HU is directly related to egg weight and 
albumen height. It is used as an indicator of 
egg quality, since as the egg deteriorates and 
albumen spreads, a smaller value for that index 
is obtained (Harder et al. 2008). 

Although the guava fruit has significant 
levels of total carotenoids, like lycopene, an 
element with pigmenting and antioxidant effects 
(Fernandes et al. 2007, Oliveira et al. 2011), the 
observed values for yolk colour did not present 
any significant differences. Still, despite yolk 
colour being a criterion to evaluate quality for 
the consumer or the industry, quail eggs are 
usually consumed cooked and whole, unlike 
chicken eggs that are submitted to cooking, 
frying or processing by the food industry. 
Therefore, quail yolk colour is an attribute of 
secondary importance or low relevance (Moura 
et al. 2010).

The quality of eggs internal components can 
be evaluated by the yolk and albumen indexes. 
Albumen index is calculated by dividing its 
height by its mean diameter. Thus, a higher value 
for albumen height yields a higher index and 
a higher-quality egg. Normally, the results vary 

between 0.09 and 0.12 for that index. Similarly, 
yolk index is calculated by dividing its height 
by its diameter, and results ranging from 0.39 
to 0.45 indicate eggs with good internal quality 
(Oliveira & Oliveira 2013). The results observed 
in present study demonstrate that the analysed 
eggs are inside the optimum range for their 
respective indexes, thus attesting good quality 
of their internal components. Yolk and albumen 
pH values did not differ statistically, but they are 
consistent with the values observed by Oliveira 
& Oliveira (2013) for fresh eggs, similar to those 
observed by Figueiredo et al. (2011) for albumen 
pH of commercial laying hens eggs.

At nine days of storage, was observed 
that the use of 4.8 g.kg-1 of guava extract, the 
TBARS value was reduced in egg yolks. These 
results corroborate those of Freitas et al. (2013), 
who observed that it is possible to delay lipid 
oxidation of commercial laying hens eggs stored 
for up to 60 days, by using an ethanol extract rich 
in polyphenolic compounds with antioxidant 
potential produced from mango seeds. Zhao et 
al. (2011), using ginger powder in commercial 
laying hens, observed that adding 10 to 15 g.kg-1 
of ginger powder to diets improved oxidative 
stability on egg yolk. Roriz (2014) supplemented 
feeds of producing European quails with vitamin 
C associated with two types of plant oil (soybean 
and/or sunflower) and observed that it caused 
no effect on lipid oxidation of raw or cooked 
eggs stored for up to 28 days. Radwan et al. 
(2008) observed positive effects on oxidative 
stability of commercial laying hens egg yolks in 
laying phase by adding 1% oregano or rosemary, 
or 0.5 and 1.0% turmeric to the feeds.

The eggs that were not storage did not 
show difference in lipid oxidation according to 
the levels of dietary guava extract, indicating 
that the antioxidant effect was not effective to 
improve the egg quality at laying. Similarly, at 
18 and 27 days of storage, the lipid oxidation 
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of yolk was not affected using guava extract in 
diets. So, it is possible that for long periods of 
storage, the antioxidant effect of guava extract 
in levels studied was not enough to improve the 
lipid oxidation of eggs.

Although there were no significant results 
on Japanese quail performance in laying phase 
and on the eggs quality with the inclusion of 
guava extract, a promising antioxidant additive 
for Japanese quails feeds in production phase 
was shown, based on the lipid oxidation (TBARS) 
results obtained with the eggs stored for nine 
days. Further studies are necessary to define the 
economic viability and the possibility of using 
the extract in large scale.

In summary, the addition of 4.8g kg-1 guava 
extract in diets of Japanese quails in production 
phase reduces the lipid oxidation of egg yolks 
stored for nine days.  Furthermore, it does not 
affect the productive performance and the 
internal and external characteristics of fresh 
egg, except for shell thickness, which decreased 
linearly.

CONCLUSIONS

The addition of 4.8g kg-1 guava extract in diets 
of Japanese quails in production phase reduces 
the lipid oxidation of egg yolks stored for nine 
days
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