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ABSTRACT 

BACKGROUND: PUFA are crucial components of the yolk and particularly prone to 

oxidative damage generating losses of nutrients for embryonic development and 

influencing the quality of eggs for human consumption. We evaluated whether dietary 

thymol (a natural antioxidant) is related to changes in quail egg yolk total, triglycerides and 

phospholipids fatty acid composition (T, TG, PL, respectively) at different stages of 

embryo development. Thus, female Japanese quail (100d) were assigned to 1 of 2 dietary 
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treatments (12 individuals each): CON (basal diet) or THY (0.0016mol of thymol day-1 

animal-1). After 2 weeks of supplementation, eggs were incubated and samples were 

obtained at 0, 4 and 16d of embryonic development. 

RESULTS: In 0d-THY-eggs, alpha-linolenic acid and n-3 PUFA in T and TG, 

docosahexaenoic acid and PUFA in T, and arachidonic acid in TG were increased, while 

SFA in T was reduced. From 4d on, PUFA, n-3 PUFA and SFA from T and TG in THY-

eggs, were found similar to CON-eggs. The changes in PL throughout incubation were 

similar in both dietary treatments. 

CONCLUSION: Thymol would provide the embryo with PUFA for synthesis/deposition in 

membranes and/or derive to supply energy. Additionally, thymol supplementation would be 

advisable for the production of healthier table-eggs. 

Keywords: poultry; maternal diet; embryonic development; lipid fractions; natural 

antioxidants 

INTRODUCTION 

The triglycerides (TG) and phospholipids (PL), both of which are highly unsaturated, 

constitute almost all the yolk lipids.1 The yolk lipids are not only the major energy source 

for embryo development but also provide fatty acids (FA), particularly long-chain (LC) 

polyunsaturated fatty acids (PUFA), with defined roles in the functional development of 

certain tissues.2 In this manner, FA and the energy derived from its beta oxidation are 

partitioned between different purposes (e.g. energy source and functional development of 

the embryo) depending on the stage of development, resulting in relevant changes of the 

FA composition of yolk lipids as incubation proceeds.1-4 Avian embryos undergo extremely 
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rapid development over a relatively short period of time and thus PUFA are likely to suffer 

great levels of oxidative damage unless this is mitigated by sufficient maternal allocation of 

appropriate antioxidants.5  

Maternal traits and its interaction with external factors influence circulating levels and its 

body stores of lipids and lipid-soluble antioxidants which eventually shall be allocated to 

the egg.6,7 At the same time, diet composition stands out among external factors that 

influence the quality and quantity of FA and antioxidants that female birds allot for egg 

formation.8 Like other animals, birds are unable to synthesize PUFA de novo, therefore the 

presence of adequate amounts of its precursors in maternal diet (and in the yolk) is essential 

to satisfy the demands of the developing embryo.8 

Diet supplementation can be used as a strategy in animal nutrition to administrate 

compounds with beneficial effects on health. Indeed, by this mean, a lipophilic antioxidant 

can be uniformly incorporated into lipidic molecules where it can effectively inhibit the 

oxidative reactions at their localized sites.9,10 Essential oils (EO) supplemented into the diet 

have received increased attention in the last decades due to their antioxidant properties and 

beneficial influence on lipid metabolism, performance, health and welfare issues.10-14 

Particularly, the antioxidant potential of some natural phenolic components of EO would be 

similar to that of conventional synthetic compounds and its use in animal feed would not 

raise safety concerns for consumers of animal products.15-17 The present study focuses on 

the effects of thymol (THY, 2-Isopropyl-5-methylphenol), the main component of 

‘‘oregano’’ and ‘‘thyme’’ essential oils.11 This component is considered a compound of 

interest in food industry and has the "generally recognized as safe" (GRAS) status of 

United States government-approved food additives, with safety levels calculated in a wide 
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range of animal species by the European Food Safety Authority.17 Thymol is an effective 

reactive oxygen species scavenger with minimum pro-oxidant effects.11,15 The antioxidant 

activity of THY has been explained to be due the presence of OH phenolic group which 

donates hydrogen to the peroxy radicals produced during the first step in lipid oxidation, 

thus retarding the hydroxyl peroxide formation.10,11 

THY can cause effects at various levels and its magnitude may be related to the amount of 

the component that is actually incorporated, redistributed into the body (including 

allocation to the egg yolk) and excreted.16,18-20 Metabolism of this monoterpenoid has been 

studied in several species. For example, in humans THY is quickly absorbed after oral, 

pulmonary or dermal administration and is metabolized and eliminated by the kidneys.10 In 

piglets, it has been demonstrated that THY is mainly and almost completely absorbed in the 

stomach and the proximal small intestine.11 It has been demonstrated also that THY and/or 

its metabolites (mainly sulfate and glucuronide conjugates, and to a lesser extent 

thymoquinol) are rapidly excreted through urine and/or faeces in quail, rats, rabbits, dogs 

and humans.11,21 Of great interest to our study are the recent findings by Haselmeyer et al.,18 

who demonstrated that dietary THY is efficiently absorbed and eliminated since only traces 

were found in tissues as a result of thyme supplementation in broiler diets. Also, studies in 

hens fed with thyme-extract22 and in quails fed with THY,21 have shown that dietary THY 

is allocated into the egg yolk. In hens, approximately, 0.006% of the ingested THY was 

transferred to egg yolk after 12 days of feeding.22 Regarding effect on FA, it has been 

demonstrated that dietary supplementation with THY led to an increment in unsaturated FA 

in female quail liver,19 where egg yolk lipids are formed. In addition, thyme and THY 

supplementation showed to improve the oxidative stability of chicken eggs,23,24 and broiler 
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meat during storage.16 In these studies, malondialdehyde concentrations in THY or thyme 

treated samples were lower than in untreated ones. Moreover, in female quail, the dietary 

supplementation with THY also showed an improved hatching success.25 Further, in tissues 

such as plasma, brain and muscle of mammalian and avian species, THY has increased 

PUFA precursors, i.e. linoleic acid and alpha-linolec acid.11,20 

Taking into account that THY can be transferred to the egg yolk, along with its lipophilic 

and antioxidant properties in vivo, we propose that THY supplementation will enhance the 

PUFA of the egg yolk that should be revealed in the total fatty acids (T) as well as in both 

main lipid fractions, TG and PL. Thus, providing a source of high quality FA not only for 

embryo development but also for human consumption. The aim of the present study is to 

determine whether THY feed supplementation on female Japanese quail diet is related to 

changes in the egg yolk FA composition at different stages of embryo development. 

EXPERIMENTAL 

Ethics 

Experiments were carried out in accordance with international standards of care and use of 

laboratory animals and approved by the Institutional Committee on Care and Use of 

Animals of Facultad de Ciencias Exactas, Físicas y Naturales, Universidad Nacional de 

Córdoba (ACTA 4/2015 Resolución 571-HCD-2014). 

Animals and husbandry 

Female Japanese quail (Coturnix coturnix -Linnaeus 1758-) were used in the present study. 

The birds studied were taken from a population of a single 210-bird hatch. Egg incubation, 

chick brooding, and lighting procedures were similar to those described by Labaque et al., 
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26 At 28d of age, 24 females were housed in pairs in 12 cages measuring 20cm × 45cm × 

25cm (length × width × height), meanwhile 6 males were housed individually in separated 

cages (without visual contact with females) (see details below). From hatch to 28d of age, 

all birds were fed a starter ration (24% of Crude Protein and 2900kcal of Metabolizable 

Energy kg diet-1). From this age on and until feed supplementation was initiated (100d of 

age), birds were fed with a layer ration (20% of Crude Protein and 2900kcal of 

Metabolizable Energy kg diet-1). At all ages feed and water were provided ad libitum. Birds 

were provided a 14h light (0600–2000h; approximately 180 cd), 10h dark cycle. Daily 

maintenance and feeding chores were done at the same time each day (0900h). 

To ensure that all females were habituated to the presence of males and laid fertile eggs 

before starting the supplementation protocol, from 80d of age and until the end of the study 

they were visited by males during 10min three times per week (non-consecutive days).27 

During the study, all males were incorporated randomly in all cages to minimize potential 

male effects. 

Diets  

At 100d of age, females within each cage were randomly assigned to 1 of 2 feed treatments 

(12 individuals each one): Control (CON; basal diet) or THY (0.042mol of THY kg of 

basal diet-1). THY was commercially obtained from Sigma Aldrich, SAFC®, ≥99%, FCC, 

USA) per kg of supplemented feed which is equivalent to a dose of 0.0016mol of THY day-

1 animal-1. Female body weight did not differ (P=0.90) between treatment groups prior to 

feed supplementation assignments (335±48g and 337±37g for CON and THY, 

respectively). The dose of THY was selected because is within the concentration range to 
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which its transference to the egg has been proved both in hen22 and quail. 21 Birds were fed 

daily ad libitum. 

Both THY supplemented and CON layers diets had corn, soybean disabled, wheat bran, 

soybean pellets, sunflower pellets, calcium, salt, vitamins, minerals and phosphate in 

identical compositions. Nutrient composition of the diets is shown in table 1. 

THY diet was prepared according to Labaque et al.,26 Feed was prepared weekly and stored 

(maximum of 7d) at room temperature (23±2°C) and relative humidity (40±5%) in airtight 

and photoresistant containers. FA composition of control and THY diet are shown in table 

2.  

Egg handling and artificial incubation 

Following two weeks of feed supplementation, to guarantee that transference of THY to the 

egg reached the concentration plateau pointed out by Krause and Ternes,22 egg from both 

treatments were collected during 10 consecutive days and stored at 16ºC for a maximum of 

9d until incubation (temperature: 37.8ºC; humidity: 55.2%; eggs turning every hour)25 to 

obtain samples at three stages of embryonic development: 0, 4 and 16d of incubation, 

where initial-, early- and final- embryo development were respectively expected. We 

selected these periods of incubation to include both the changes that take place during early 

development, which not always are considered in developmental studies, and the later 

stages, characterized by a sheer intensity of lipid transfer from the yolk to the embryo.1 

Eggs from each treatment combination (diet and incubation day) were then stored at -20°C 

for later analysis of T, TG and PL (see below). 

Fatty acids analysis 
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Egg lipids were extracted from the yolk following homogenization in a suitable excess of 

chloroform/methanol (2:1).28 Solvents were removed under reduced pressure in a rotary 

evaporator. Methyl esters of T, PL and TG of the yolk were obtained. All chemicals used in 

this study were reagent-grade commercial products.  

Lipids were subjected to alkaline saponification (1N potassium hydroxide in methanol) and 

the unsaponifiable matter extracted with n-hexane. The fatty acid methyl esters (FAME) 

were prepared by transmethylation through treatment with N sulphuric acid in methanol 

and analyzed by gas chromatography (GC-MS) according to Labaque et al.29 

Thin-layer chromatography (TLC) on silica gel G, using a Hexane/Diethyl ether/Acetic 

acid (80:20:1 v v-1) solvent system, was used to separate the total lipid extract into two of 

its major fractions (TG and PL) according to the technique described by Royle et al.30 The 

separated bands were visualized with iodine vapor and were identified by comparison with 

the migration of lipid standards in this system. The bands were scrapped from the plates 

and the lipids were eluted from the silica by vortex mixing with 3 x 5 ml of either 

chloroform/methanol/water (5:5:1 v v-1; PL) or diethyl ether (TG). The isolated TG and PL 

fractions were subjected to transmethylation as described above. 

FAMEs were analyzed by gas chromatography on a 60m fused capillary column with an 

internal diameter of 0.25mm (Polyethylene Glycol, Perkin Elmer Elite-WAX). The analysis 

was performed on a Perkin-Elmer Clarus® 600 Gas Chromatograph/Mass Spectrometer 

(GC-MS) equipped with a flame ionization detector. Helium was used as carrier (constant 

flow of 49.6 psi). The injection port temperature was 250ºC and the detector temperature 

was 250ºC. Oven program temperature started on 180ºC for 5min and increased to 200ºC at 

4ºC min-1 keeping at that temperature for 5 min. After that, the temperature was increased 

This article is protected by copyright. All rights reserved.



A
cc

ep
te

d 
A

rti
cl

e
until 230ºC at 3ºC min-1 and kept there for 25min. Quantification was carried out by 

normalization and relative area percentages of each fatty acid methyl ester detected. The 

FA content was expressed as a percentage of the T of the chromatographic run.  

Statistical Analysis 

Data were analyzed as 2 x 3 factorial arrangements with diet (THY and CON) and stage of 

incubation (0, 4 and 16d of incubation) as main factors, using the two-way ANOVA 

procedure on InfoStat.31 Means were compared for significant differences (P<0.05) by 

using the LSD Fischer Test. To better fit ANOVA assumptions, variables were transformed 

to ranks prior to analysis.32 

RESULTS 

Total Fatty Acids  

Table 3 summarizes statistical information regarding total fatty acid composition of quail 

eggs at 0, 4 and 16d of incubation laid by females fed on diets supplemented with THY or 

CON. Thymol dietary supplementation led to 0d egg yolks with increased percentages of 

alpha-linolenic acid, docosahexaenoic acid, arachidonic/linoleic acids and docosahexaenoic 

acid/alpha-linolenic acids ratios, PUFA and n-3 PUFA, and reduced percentages of n-6 

PUFA/n-3 PUFA ratio, SFA, SFA/UFA ratio, compared to the CON. As incubation 

proceeded in THY-eggs the initial percentages of alpha-linolenic acid, docosahexaenoic 

acid, PUFA and n-3 PUFA decreased and the SFA and SFA/UFA ratio increased by the 4d 

measurement and remained unchanged until the end of the incubation. In THY-treatment, 

the ratio arachidonic/linoleic acids transiently decreased by 4d while the ratio 

docosahexaenoic/alpha-linolenic remained unchanged. Otherwise, the ratio n-6 PUFA/n-3 
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PUFA was increased at later developmental stages in THY-group (reaching similar values 

to the CON). The percentage of palmitic acid was similar among all treatments 

(diet/incubation) except for the 4d measurement in THY-eggs, when the percentage 

transiently increased. Equally for both dietary treatments, palmitoleic acid showed a 

transient decrease by 4d, while stearic acid and thus stearic/oleic acids ratio increased by 

the 4d measurement.  

Fatty acids of triglycerides fraction 

Table 4 summarizes statistical information regarding TG FA composition of quail eggs at 

0, 4 and 16d of incubation laid by females fed on diets supplemented with THY or CON. 

When THY was supplemented into the maternal diet, 0d egg yolks had increased 

percentages of alpha-linolenic acid, arachidonic acid, PUFA and n-3 PUFA, compared to 

the CON. Initial percentages of alpha-linolenic acid and arachidonic acid decreased in the 

THY-group by the 4d (reaching similar values to the CON) and remained unchanged until 

the end of the incubation. In both dietary treatments, docosahexaenoic acid, while the 

SFA/PUFA, n-6 PUFA/n-3 PUFA stearic and stearic/oleic acids ratio increased through 

development. 

Fatty acids of phospholipids fraction 

Table 5 summarizes statistical information regarding PL FA composition of quail eggs at 0, 

4 and 16d of incubation laid by females fed on diets supplemented with THY or CON. In 

both dietary treatments, the alpha-linolenic acid, docosahexaenoic acid and n-3 PUFA 

declined while the stearic acid, SFA, SFA/PUFA, SFA/UFA and n-6 PUFA/n-3 PUFA 

increased throughout development. Palmitoleic acid decrease by 16d of incubation in CON, 

while it remained with no changes in THY-eggs. Oleic acid and MUFA exhibited lower 
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percentages in egg yolks from THY-diet than in CON-diet at all stages of incubation. 

Instead, the ratio SFA/MUFA showed an opposite pattern. Nevertheless, the stearic/oleic 

acids ratio increased as incubation proceeded in both dietary treatments.  

DISCUSSION 

The T profile of CON 0d egg yolk was found consistent with those previously reported in 

the literature for C. coturnix (Linnaeus, 1758).25,33,34 With reference to the T profile of 0d 

egg yolk from THY treatment, differences between THY doses utilized in the current and 

previous studies25 suggest that the higher is the THY supplied, the greater is the increase in 

the percentage of UFA with a consistent detriment in SFA. The TG and PL profiles were 

found approximately similar to those reported for hen eggs.1,35 Overall changes regarding 

the T, TG and PL from CON and THY eggs along incubation are consistent with the 

already reported findings during developing of embryos from parental birds fed with 

conventional diets.1,3,6,36,37  

Our results suggest that THY could be involved in oxidative processes (as antioxidant) 

before being deposited in the egg, considering that the increase of PUFA was seen at 0d 

and that this discrepancy from the CON was not given by differences in the composition of 

the diets actually provided (see table 2). This proposal is consistent with previous evidence 

indicating that the chain reaction included in the oxidation of the consumed lipids could be 

inhibited by the transfer of natural antioxidants such as THY into the female by feeding, 

and consequently decreasing the oxidation of constituents transferred into the egg yolk, 

helping maintain PUFA.15 Furthermore, several authors have studied the in vivo effect of 

thymol on antioxidant parameters in tissues such as plasma, brain and muscle of 

mammalian and avian species. Findings have been consistent with each other, indicating 
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that THY supplementation leads to a great increase in antioxidant enzymes activity 

involving glutathione peroxidase and superoxide dismutase and a decrease in 

malondialdehyde levels, associated with greater concentration of PUFA precursors such as 

linoleic acid and alpha linolenic acid as well as its long chain derivates such as arachidonic 

acid and docosahexaenoic acid,11,20 as observed herein. Additionally, in vitro and in vivo 

studies have demonstrated that THY as well as EO containing THY supplementation alters 

several lipid metabolic pathways including bile acid, cholesterol synthesis and fatty acid 

metabolism, indicating that thymol plays multiple modulatory roles in lipid metabolism10,38-

40. One of the mechanisms by which supplementation with THY or EO containing THY 

would reflect an increase in the antioxidant capacity/status of the supplemented females is 

based on its inhibitory effect on lipogenesis and its hypolipidemic actions39,41. Inhibiting 

lipogenesis and/or hyperlipidemia has been demonstrated to decrease the plasma levels of 

oxygen free radicals and thus the production of oxidized compounds such as 

malondialdehyde as well38, helping maintain PUFA levels. Although further study is 

needed to clarify the mechanism of hypolipidemic or antilipogenic actions of EO 

containing THY and its effect on PUFA, our results are consistent with the background to 

date. 

Newly laid eggs (0d of incubation) from THY group were found to contain higher relative 

amounts of docosahexaenoic and arachidonicacids compared to CON eggs, even though 

feed did not contain appreciable quantities of them in any diet. Given these findings, 

whether THY supplementation might help in a more efficient conversion of PUFA 

precursors, i.e. linoleic and alpha-linolenic acids, into their primary long chain derivates 

should be explored in the future. Indeed, from the ratio arachidonic:linoleic acids and 
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docosahexaenoic:alpha-linolenic acids in the 0d egg yolk, it is possible to roughly estimate 

the activity of the desaturases and elongases.42 As demonstrated by other authors,20 

supplementation with THY could allow greater bioavailability of the two precursors 

(linoleic and alpha-linolenic acids) through increasing digestive enzyme activities and feed 

efficiency, leading to enhancements in docosahexaenoic and arachidonic acids as the 

observed herein, without discarding the other hypothesis already mentioned.  

Several authors have demonstrated that bioconversion of alpha-linolenic acid into long 

chain metabolites in the body is limited, thus dietary alpha-linolenic acid is less effective 

than preformed docosahexaenoic acid (i.e. present as docosahexaenoic acid in the yolk) at 

supporting deposition of docosahexaenoic acid in nervous tissue of developing embryo.2,43 

Consequently, it could be positive to the developing embryo that THY supplementation 

herein has increased not only the percentage of alpha-linolenic acid, but also 

docosahexaenoic acid as well as arachidonic acid, considering the benefits of the 

incorporation of these essential FA for the functional and structural development of the 

avian embryo.1,44 

Independent of the diet provided to parental birds, several authors have provided evidence 

of preferential absorption of both arachidonic and docosahexaenoic acids from yolk lipids, 

specifically from TG and PL, during chick embryo formation.1,3,4,6,45 This process would 

occur at a higher rate in the early development where FA deposition is in structural fats.1,46 

Therefore, the observed decline from 0d to 4d of incubation in alpha-linolenic and 

docosahexaenoic acids in T and arachidonic acid in TG of THY treatment, as well as 

docosahexaenoic acid in PL from CON and THY, may represent an indirect evidence of 

preferential absorption by the yolk sac membrane into the embryo, conducive to a proper 
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development and synthesis/deposition of structural lipids in membranes.1,4,36,45,46 On the 

other hand, as has been raised by many authors, the greater increase in stearic acid in the 

16d yolk detected both in the CON and the THY group in the T, TG and PL fractions, may 

reflect that virtually all PUFA have been incorporated into the embryo, which would lead to 

the increase of the SFA in complementary manner.1,46,47 

The question still arises, why as embryo development proceeds, changes in PUFA from T 

and TG are not evident in the CON treatment. In other words, what could these changes 

imply for the metabolism of embryos in the THY treatment. Some authors have observed a 

diet-induced difference in the metabolism of FA under a variety of dietary conditions, such 

as enrichment with n-9, n-6 and n-3 FA in chicken.2 Among de novo synthesized FA, UFA 

can be converted to SFA, but the SFA cannot be changed to unsaturated forms in 

embryonic tissues, such as the liver.1 Thus, it seems that THY embryo can afford the 

utilization/derive of PUFA into oxidative pathways to supply energy for embryo formation 

if necessary while CON embryos cannot.2 Naturally, this hypothesis should be investigated, 

but it is consistent with the observed differences between dietary treatments. It is unlikely 

that the decline observed in the PUFA from THY eggs was due to peroxidation since shell 

eggs are inherently resistant to oxidative deterioration upon this conditions and because it 

has been proved that dietary thyme and oregano, where THY is the main component, also 

increases the oxidative stability of shell eggs.23,24 Furthermore, the addition of THY to the 

yolk has been shown to inhibit lipid oxidation in the yolk even under extreme pro-oxidant 

conditions.23 Considering the whole embryonic development, the major proportion of the 

transferred FA is utilized for energy purposes via beta-oxidation in the embryonic tissues.43 

The lipid-based metabolism occur since days 4-5 of the quail embryonic development,48 
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when the vascular system is developed and access to O2 supports a complete FA 

oxidation.47 This phenomena occurs in a great extent during the last third up until one or 

two days before hatching, when oxygen availability is again limited.47 Herein, PUFA 

percentages were found higher than SFA only in THY eggs at 0d of incubation in the T. 

Consequently, the SFA, that are the most favorable energy source for completion of the 

embryo development due to their greater caloric value47 were not suppressed in the T 

neither in the TG fraction during the period of unlimited oxygen availability.47 On the other 

hand, the initial PUFA enhancements induced by THY supplementation were not again 

observed as development proceeded suggesting that the embryo might be able to capitalize 

these FA, as we already pointed out. 

The percentages of stearic and oleic acids found as well as its ratio in the T of both dietary 

treatments is within a reported range which would not compromise hatchability,33 which is 

consistent with the increased hatching success we already have shown with THY 

supplementation.25 

Different strategies (mainly dietary enrichment with FA) to produce animal food products 

with higher concentration of n-3 PUFA have been attempted in the past decade due to its 

relation with a number of physiological and health beneficial effects for human.49,50 In this 

context, consumption of egg yolks (0d) from THY-group could help to better meet 

adequate intakes of preformed long-chain n-3 PUFA along with reduced SFA 

percentages.51 Nevertheless, a series of studies should be developed to assess the feasibility 

of this proposal (e.g. toxicological and sensorial testing, etc.). 

In conclusion, this study provides the first description of the effects of THY on yolk T, TG 

and PL FA composition during avian embryo development. THY promotes an improved 
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nutritional quality of newly laid eggs as well as changes throughout incubation which could 

favor successful embryonic development. Moreover, from a human nutrition perspective, 

the use of THY would be advisable for the production of healthier eggs. All these findings 

contribute to the set of positive results that we already reported, which configure THY-

dietary supplementation of poultry as a simple strategy to improve diverse aspects related 

to the birds´ management, productivity and quality of their products.16,25,26,52 
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e Table 1. Nutrient composition of administrated diets as g kg-1of diet 

Nutrient g kg-1 

Min. crude protein  200 
Min. fat matter  55 
Max. crudefiber 51,5 
Max. total minerals  75 
Max. calcium 29 
Min. calcium 25 
Max. phosphorous  8.5 

Min. phosphorous 7.5 
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Table 2. Total fatty acid composition (Mean percentage ± Standard Error) 
from diets control (CON) and supplemented with thymol (THY, 
0.0016molday-1animal-1) 
Fattyacid CON THY P value  
14:0 (Miristic) 0.07 ± 0.00 0.06 ± 0.01 0.78
15:0 (Pentadecilic) 0.00 ± 0.00 0.00 ± 0.00 >0.99  
16:0 (Palmitic) 11.69 ± 0.08a 11.78 ± 0.09a 0.46
16:1 n-7 (Palmitoleic) 0.09 ± 0.01 0.09 ± 0.00 0.7
18:0 (Stearic) 5.07 ± 0.52 5.02 ± 0.46 0.94
18:1 n-9 (Oleic) 30.76 ± 0.21 30.95 ± 0.24 0.56
18:2 n-6 (Linoleic) 42.95 ± 1.01 43.99 ± 0.98 0.47
18:3 n-3 (Alpha-Linolenic) 5.43 ± 0.05 5.51 ± 0.08 0.40
20:4 n-6 (Arachidonic) 0.04 ± 0.00 0.05 ± 0.01 0.58
SFA 16.83 ± 0.57 16.87 ± 0.46 0.96
MUFA 30.84 ± 0.21 31.04 ± 0.24 0.55
PUFA 48.42 ± 0.97 49.56 ± 0.91 0.41
UFA 79.26 ± 0.87 80.59 ± 0.72 0.26
n-3 PUFA  5.43 ± 0.05 5.51 ± 0.08 0.40
n-6 PUFA 42.99 ± 1.01 44.05 ± 0.98 0.47
SFA/MUFA 0.55 ± 0.02 0.54 ± 0.01 0.93
SFA/PUFA 0.35 ± 0.02 0.34 ± 0.01 0.75
SFA/UFA 0.21 ± 0.01 0.21 ± 0.01 0.79
n-6/n-3 PUFA  7.93 ± 0.25 8.00 ± 0.30 0.83
18:0/18:1 0.16 ± 0.02 0.16 ± 0.01 0.90
abValues without a common letter in the same row differ significantly (P < 
0.05). N=6 in each case. D= Diet. S= Storage time. DxS= Interaction. 

SFA = saturated fatty acids; were calculated as 14:0 + 15:0 + 16:0 + 18:0.   
MUFA = monounsaturated fatty acids; were calculated as 16:1 n-7 + 18:1 n-7. 
PUFA = polyunsaturated fatty acids; were calculated as 18:2 n-6 + 18:3 n-3 + 
20:4 n-6.  
UFA = unsaturated fatty acids; were calculated as MUFA + PUFA.   
n-3 PUFA was equal to 18:3 n-3, in this case.  
n-6 PUFA was calculated as 18:2 n-6 + 20:4 n-6. 
 

This article is protected by copyright. All rights reserved.



A
cc

ep
te

d 
A

rti
cl

e  

Table 3. Total fatty acid composition (Mean percentage± Standard Error) of quail eggs at 0, 4 and 16 days (d) of incubation laid by females fed on diets control 
(CON) or supplemented with thymol (THY, 0.0016mol day-1animal-1) 

0d of incubation 4d of incubation  16d of incubation P value 
Fattyacid CON THY CON THY  CON THY D I DxI 
14:0 (Miristic) 0.24 ± 0.10 0.22 ± 0.09 0.19 ± 0.12 0.18 ± 0.11  0.11 ± 0.07 0.12 ± 0.08  0.92 0.47 0.95
15:0 (Pentadecilic) 0.23 ± 0.10 0.19 ± 0.08 0.15 ± 0.11 0.17 ± 0.11  0.10 ± 0.06 0.11 ± 0.07  0.95 0.46 0.92
16:0 (Palmitic) 27.14 ± 2.56ab 24.79 ± 3.10a 24.50 ± 1.01a 31.92 ± 2.50b  24.43 ± 0.99a 25.92 ± 1.99a  0.52 0.28 0.04
16:1 n-7 (Palmitoleic) 3.49 ± 0.30c 3.29 ± 0.39c 2.10 ± 0.31b 0.91 ± 0.28b  2.58 ± 0.14a 2.96 ± 0.69a  0.16 <0.001 0.40
18:0 (Stearic) 7.68 ± 1.62a 2.82 ± 1.41a 10.08 ± 3.19b 8.40 ± 1.79b  8.83 ± 1.97b 11.33 ± 2.43b  0.47 0.05 0.29
18:1 n-9 (Oleic) 41.16 ± 1.79 40.84 ± 3.40 39.85 ± 2.88 36.05 ± 7.80  39.33 ± 2.88 39.36 ± 2.75  0.72 0.78 0.99
18:2 n-6 (Linoleic) 15.48 ± 1.99 13.84 ± 1.02 15.83 ± 1.02 18.63 ± 7.14  10.84 ± 3.37 16.92 ± 1.94  0.64 0.91 0.17
18:3 n-3 (alpha-Linolenic) 3.55 ± 1.45ab 9.00 ± 2.70c 3.91 ± 1.17abc 3.01 ± 1.81a  7.74 ± 2.38bc 0.41 ± 0.10a  0.30 0.48 0.01
20:4 n-6 (Arachidonic) 1.22 ± 0.34 1.73 ± 0.65 2.05 ± 0.43 0.98 ± 0.46  1.92 ± 0.96 2.60 ± 0.83  0.70 0.74 0.14
22:6 n-3 (Docosahexaenoic) 0.17 ± 0.08a 3.16 ± 0.84c 1.47 ± 0.25bc 0.11 ± 0.04a  0.81 ± 0.45ab 0.49 ± 0.20a  0.82 0.36 <0.001
SFA 35.29 ± 3.83b 28.03 ± 2.77a 34.92 ± 4.10b 40.66 ± 2.20b  33.47 ± 2.22ab 37.48 ± 1.26b  0.98 0.10 0.05
MUFA 44.65 ± 1.75 44.13 ± 3.72 42.16 ± 2.79 37.26 ± 8.03  43.27 ± 3.19 42.33 ± 2.39  0.84 0.84 0.96
PUFA 20.68 ± 2.79a 28.44 ± 1.87b 23.35 ± 2.25ab 22.82 ± 8.55a  23.82 ± 3.65a 20.50 ± 1.43a  0.95 0.49 0.05
UFA 65.33 ± 3.92 72.57 ± 3.34 65.51 ± 3.69 60.09 ± 1.91  69.76 ± 5.61 62.83 ± 1.42  0.42 0.33 0.07
n-3 PUFA 3.98 ± 1.47a 12.86 ± 2.42b 5.48 ± 0.99a 3.22 ± 1.79a  10.70 ± 1.52b 0.98 ± 0.15a  0.29 0.09 <0.001
n-6 PUFA 16.69 ± 2.28 15.57 ± 1.50 17.87 ± 1.43 19.60 ± 7.59  12.76 ± 2.86 19.52 ± 1.51  0.65 0.74 0.15
SFA/MUFA 0.80 ± 0.10 0.68 ± 0.13 0.86 ± 0.14 2.13 ± 1.21  0.80 ± 0.11 0.90 ± 0.08  0.73 0.38 0.40
SFA/PUFA 1.94 ± 0.44 1.00 ± 0.10 1.58 ± 0.28 2.85 ± 1.00  1.64 ± 0.39 1.86 ± 0.14  0.93 0.40 0.09
SFA/UFA 0.56 ± 0.08b 0.39 ± 0.06a 0.55 ± 0.09b 0.69 ± 0.06b  0.50 ± 0.08ab 0.60 ± 0.03b  0.90 0.12 0.05
n-6 PUFA/n-3 PUFA 17.27 ± 9.37b 1.40 ± 0.31a 3.58 ± 0.49b 28.87 ± 11.30b  1.25 ± 0.28a 23.87 ± 6.99b  0.09 0.13 <0.001
18:0/18:1 0.19 ± 0.05a 0.07 ± 0.04a 0.28 ± 0.10b 0.23 ± 0.01b  0.24 ± 0.06b 0.31 ± 0.08b  0.58 0.04 0.39

20:4/18:2 0.07 ± 0.02ab 0.12 ± 0.04c 0.13 ± 0.02c 0.04 ± 0.01a  0.05 ± 0.02ab 0.19 ± 0.09bc
 0.98 0.68 <0.01

22:6/18:3 0.03 ± 0.01a 0.87 ± 0.59b 0.89 ± 0.54b 0.35 ± 0.23ab  0.14 ± 0.09ab 2.75 ± 1.79ab
 0.21 0.72 0.04

abcValues without a common letter in the same row differ significantly (P<0.05). N=5 in each case. D= diet. I= Days of incubation. DxI= Interaction 
SFA = saturated fatty acids; SFA levels were calculated as 14:0 + 15:0 + 16:0 + 18:0 + 20:0. 
MUFA = monounsaturated fatty acids; MUFA levels were calculated as 16:1 n-7 + 18:1 n-7. 
PUFA = polyunsaturated fatty acids; PUFA levels were calculated as 18:2 n-6 + 18:3 n-3 + 18:3 n-6 +20:4 n-6 + 20:5 n-3 + 22:5 n-3 +22:2 n-6 + 22:6 n-3. 
UFA = unsaturated fatty acids; UFA levels were calculated as MUFA + PUFA. 
n-3 PUFA was calculated as 18:3 n-3 + 20:5 n-3 + 22:5 n-3 + 22:6 n-3. 
n-6 PUFA was calculated as 18:2 n-6 + 20:4 n-6. 
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Table 4. Fatty acid composition (Mean percentage ± Standard Error) of triglycerides of quail eggs at 0, 4 and 16 days (d) of incubation laid by females fed 
on diets control (CON) or supplemented with thymol (THY, 0.0016mol day-1animal-1) 

0d of incubation 4d of incubation 16d of incubation P value 
Fattyacid CON THY CON THY CON THY D I DxI 
14:0 (Miristic) 0.24 ± 0.20 0.24 ± 0.24 0.27 ± 0.17 0.21 ± 0.21 0.25 ± 0.16 0.38 ± 0.10 0.92 0.43 0.75 
15:0 (Pentadecilic) 0.41 ± 0.36 0.20 ± 0.20 0.22 ± 0.22 0.31 ± 0.31 0.26 ± 0.19 0.39 ± 0.18 0.76 0.32 0.75 
16:0 (Palmitic) 23.80 ± 3.40 29.21 ± 2.10 27.92 ± 0.73 25.98 ± 1.50 26.17 ± 0.59 26.68 ± 0.10 0.85 0.74 0.39 
16:1 n-7 (Palmitoleic) 32.25 ± 0.76ab 4.39 ± 0.66b 4.18 ± 0.20b 24.50 ± 0.93ab 1.55 ± 0.25a 2.83 ± 0.86ab 0.67 0.13 0.07 
18:0 (Stearic) 7.50 ± 1.55a 3.63 ± 0.72a 3.49 ± 0.85a 3.77 ± 1.44a 8.56 ± 0.86b 16.43 ± 9.77b 0.35 0.01 0.16 
18:1 n-9 (Oleic) 50.81 ± 6.99ab 37.78 ± 3.55a 39.47 ± 1.61a 46.35 ± 2.35ab 49.08 ± 0.86b 43.13 ± 8.45ab 0.40 0.48 0.05 
18:2 n-6 (Linoleic) 9.26 ± 1.80 10.32 ± 2.32 12.08 ± 0.52 13.01 ± 0.86 13.32 ± 0.48 9.80 ± 1.83 0.71 0.22 0.13 
18:3 n-3 (alpha-Linolenic) 2.84 ± 1.29a 12.54 ± 3.25b 11.34 ± 1.15b 6.72 ± 3.20ab 1.07 ± 0.04a 1.06 ± 0.06a 0.65 0.03 0.05 
20:4 n-6 (Arachidonic) 0.50 ± 0.25a 2.36 ± 0.41b 1.03 ± 0.31a 0.84 ± 0.50a 0.50 ± 0.29a 0.30 ± 0.10a 0.19 0.15 0.02 
22:6 n-3 (Docosahexaenoic) 0.78 ± 0.16b 1.00 ± 0.07b 0.78 ± 0.05a 0.60 ± 0.08a 0.80 ± 0.06a 0.77 ± 0.21a 0.97 0.01 0.16 
SFA 31.95 ± 4.79 33.28 ± 2.85 31.90 ± 1.23 30.26 ± 2.56 35.24 ± 0.67 43.87 ± 10.41 0.66 0.16 0.87 
MUFA 54.04 ± 6.40 42.17 ± 4.18 43.65 ± 1.74 48.79 ± 1.96 50.58 ± 1.07 45.96 ± 7.60 0.61 0.70 0.08 
PUFA 13.37 ± 2.49a 26.22 ± 5.71b 25.24 ± 1.09b 21.16 ± 2.82ab 15.69 ± 0.65ab 11.83 ± 1.78a 0.70 0.04 0.02 
UFA 67.41 ± 4.95 68.39 ± 3.01 68.88 ± 1.26 69.95 ± 2.70 66.27 ± 0.88 57.78 ± 9.37 0.67 0.30 0.35 
n-3 PUFA 3.62 ± 1.37a 13.54 ± 3.23b 12.13 ± 1.11b 7.31 ± 3.12ab 1.87 ± 0.09a 1.83 ± 0.15a 0.74 0.02 0.03 
n-6 PUFA 9.75 ± 1.85 12.68 ± 2.55 13.11 ± 0.68 13.85 ± 0.40 13.82 ± 0.74 10.00 ± 1.63 0.99 0.40 0.11 
SFA/MUFA 0.66 ± 0.12 0.82 ± 0.10 0.74 ± 0.05 0.62 ± 0.06 0.70 ± 0.01 1.02 ± 0.39 0.81 0.48 0.44 
SFA/PUFA 2.62 ± 0.54a 2.45 ± 1.46a 1.27 ± 0.07a 1.55 ± 0.31a 2.26 ± 0.13b 3.93 ± 1.45b 0.80 0.03 0.08 
SFA/UFA 0.51 ± 0.09 0.50 ± 0.07 0.47 ± 0.03 0.44 ± 0.05 0.53 ± 0.01 0.81 ± 0.31 0.52 0.16 0.64 
n-6 PUFA/n-3 PUFA 3.08 ± 0.93a 1.11 ± 0.19a 1.12 ± 0.13a 4.83 ± 2.67a 7.47 ± 0.78b 5.43 ± 0.44b 0.68 0.01 0.10 
18:0/18:1 0.16 ± 0.03a 0.10 ± 0.02a 0.09 ± 0.02a 0.08 ± 0.03a 0.17 ± 0.02b 0.44 ± 0.31b 0.38 0.03 0.39 

abcValues without a common letter in the same row differ significantly (P<0.05). N=5 in each case. D= diet. I= Days of incubation. DxI= Interaction 
SFA = saturated fatty acids; SFA levels were calculated as 14:0 + 15:0 + 16:0 + 18:0 + 20:0. 
MUFA = monounsaturated fatty acids; MUFA levels were calculated as 16:1 n-7 + 18:1 n-7. 
PUFA = polyunsaturated fatty acids; PUFA levels were calculated as 18:2 n-6 + 18:3 n-3 + 18:3 n-6 +20:4 n-6 + 20:5 n-3 + 22:5 n-3 +22:2 n-6 + 22:6 n-3. 
UFA = unsaturated fatty acids; UFA levels were calculated as MUFA + PUFA. 
n-3 PUFA was calculated as 18:3 n-3 + 20:5 n-3 + 22:5 n-3 + 22:6 n-3. 
n-6 PUFA was calculated as 18:2 n-6 + 20:4 n-6. 
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Table 5. Fatty acid composition (Mean percentage ± Standard Error) of phospholipids of quail eggs at 0, 4 and 16 days (d) of incubation laid by females fed on 
diets control (CON) or supplemented with thymol (THY, 0.0016mol day-1animal-1)  

0d of Incubation 4d of Incubation 16d of Incubation P value 
Fattyacid CON THY CON THY CON THY D I DxI 
14:0 (Miristic) 0.29 ± 0.12 0.38 ± 0.24 0.32 ± 0.20 0.37 ± 0.26 0.52 ± 0.26 0.10 ± 0.06 0.77 0.97  0.66  
15:0 (Pentadecilic) 0.33 ± 0.33 0.30 ± 0.24 0.26 ± 0.16 0.82 ± 0.27 0.44 ± 0.22 0.36 ± 0.27 0.36 0.56 0.56 
16:0 (Palmitic) 29.04 ± 1.17 26.83 ± 6.98 28.50 ± 1.59 35.56 ± 8.97 25.53 ± 1.32 22.17 ± 4.24 0.83 0.16 0.89 
16:1 n-7 (Palmitoleic) 1.91 ± 0.52ab 9.26 ± 6.41ab 4.37 ± 1.20b 0.97 ± 0.67a 0.90 ± 0.30a 1.38 ± 1.69ab 0.59 0.26 0.04 
18:0 (Stearic) 6.47 ± 3.19a 12.75 ± 5.84a 5.15 ± 1.73a 8.90 ± 5.34a 33.52 ± 1.99b 31.53 ± 2.36b 0.86 <0.001 0.73 
18:1 n-9 (Oleic) 26.05 ± 1.49b 18.03 ± 5.23a 29.48 ± 1.93b 16.73 ± 5.29a 22.60 ± 2.38b 16.89 ± 5.26a 0.05 0.56 0.50 
18:2 n-6 (Linoleic) 14.48 ± 1.88 16.18 ± 1.08 10.81 ± 1.68 13.69 ± 2.61 15.73 ± 0.52 15.07 ± 2.81 0.50 0.24 0.51 
18:3 n-3 (Alpha-Linolenic) 15.91 ± 4.02b 12.90 ± 4.00b 17.82 ± 3.24b 14.93 ± 7.42b 0.29 ± 0.11a 0.64 ± 0.53a 0.549 0.04 0.94 
20:4 n-6 (Arachidonic) 4.51 ± 0.48 2.89 ± 0.81 2.41 ± 1.45 4.95 ± 2.15 2.16 ± 0.57 7.05 ± 3.56 0.23 0.63 0.07 
22:6 n-3 (Docosahexaenoic) 1.08 ± 0.07c 0.98 ± 0.06c 0.89 ± 0.03b 0.90 ± 0.06b 0.40 ± 0.08a 0.24 ± 0.04a 0.36 <0.001 0.55 
SFA 36.13 ± 2.51a 40.27 ± 5.77a 34.22 ± 3.32a 45.65 ± 7.97a 60.01 ± 2.62b 54.16 ± 6.23b 0.64 0.01 0.47 
MUFA 27.97 ± 1.92b 27.29 ± 4.76a 33.85 ± 2.50b 17.70 ± 5.02a 23.20 ± 2.11b 18.27 ± 4.57a 0.05 0.06 0.08 
PUFA 35.98 ± 2.07b 32.94 ± 3.95b 31.92 ± 5.8b 34.45 ± 8.56b 18.58 ± 0.78a 23.00 ± 2.67a 0.82 0.03 0.64 
UFA 63.95 ± 3.71b 60.23 ± 5.57b 65.77 ± 3.74b 52.15 ± 9.02b 41.78 ± 2.89a 41.27 ± 5.80a 0.48 0.01 0.58 
n-3 PUFA 16.99 ± 4.04b 13.87 ± 4.03b 18.70 ± 3.23b 15.82 ± 7.42b 0.68 ± 0.06a 0.87 ± 0.86a 0.50 0.001 0.85 
n-6 PUFA 18.99 ± 2.26 19.07 ± 0.36 13.21 ± 3.11 18.63 ± 2.77 17.90 ± 0.83 22.12 ± 2.42 0.09 0.53 0.74 
SFA/MUFA 1.35 ± 0.22a1 1.93 ± 0.69b1 1.01 ± 0.07a1 3.50 ± 1.22b1 2.64 ± 0.33a2 3.25 ± 0.69b2 0.04 0.04 0.10 
SFA/PUFA 1.04 ± 0.15a 1.39 ± 0.40a 1.29 ± 0.32a 1.83 ± 0.73a 3.25 ± 0.27b 2.49 ± 0.58b 0.96 0.01 0.69 
SFA/UFA 0.59 ± 0.09a 0.74 ± 0.18a 0.54 ± 0.08a 1.10 ± 0.44a 1.46 ± 0.16b 1.38 ± 0.30b 0.52 0.01 0.52 
n-6 PUFA/n-3 PUFA 6.29 ± 5.49a 5.30 ± 3.97a 0.71 ± 0.10a 6.23 ± 5.17a 26.73 ± 3.46b 66.92 ± 43.54b 0.13 <0.001 0.56 
18:0/18:1 0.29 ± 0.17a 1.46 ± 0.87a 0.17 ± 0.06a 0.52 ± 0.23a 1.53 ± 0.23b 2.15 ± 0.47b 0.15 <0.01 0.82 

abcValues without a common letter in the same row differ significantly (P<0.05). When effects of the two factors separately were observed on the same fatty acid: abcValues 
correspond to the diet and 12values to the incubation. N=5 in each case. D= diet. I= Days of incubation. DxI= Interaction 
SFA = saturated fatty acids; SFA levels were calculated as 14:0 + 15:0 + 16:0 + 18:0 + 20:0. 
MUFA = monounsaturated fatty acids; MUFA levels were calculated as 16:1 n-7 + 18:1 n-7. 
PUFA = polyunsaturated fatty acids; PUFA levels were calculated as 18:2 n-6 + 18:3 n-3 + 18:3 n-6 +20:4 n-6 + 20:5 n-3 + 22:5 n-3 +22:2 n-6 + 22:6 n-3. 
UFA = unsaturated fatty acids; UFA levels were calculated as MUFA + PUFA. 
n-3 PUFA was calculated as 18:3 n-3 + 20:5 n-3 + 22:5 n-3 + 22:6 n-3. 
n-6 PUFA was calculated as 18:2 n-6 + 20:4 n-6. 
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