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Abstract- Cross-sectional study of quail eggs was conducted to 

evaluate the nutritional compositions of carbohydrate, fat, 

protein, calories, vitamin, minerals and sex hormones. The 

results showed that average of each whole quail egg weight was 

10.67 g. Their contents of ash, carbohydrate, fat, protein and 

moisture were 1.06, 4.01, 9.89, 12.7 and 72.25 g 100g
-1

, 

respectively. Total energy in calories obtained was 156.50 kcal 

100g
-1 

whole egg. The most essential amino acid found in egg 

whites, was leucine and the most non-essential amino acid was 

aspartic acid. Egg yolks contained the highest essential fatty acid 

content of linoleic acid and the highest non-essential fatty acid 

content of oleic acid. In addition, there was high content of 

vitamin E in egg yolks and sex hormone progesterone in both of 

egg yolks and whites. The most essential and trace minerals of 

whole eggs were nitrogen and iron. Iron was high content in egg 

whites meanwhile nitrogen and zinc were found high in egg 

yolks. This study indicated that quail eggs contained high 

nutritional contents of amino acids, fatty acids, vitamin E, sex 

hormone P and minerals of nitrogen, iron and zinc. Quail eggs 

are the good source of nutrients for human health. 

 

Index Terms- Quail egg, nutritional compositions, benefit 

 

I. INTRODUCTION 

ood nutrition affects growth and development of human 

body. Nutritional composition research has shown that 

eating a well-balanced food can improve human health. A variety 

of foods, including vegetables, fruits, grain, and protein, is 

essential to get the full range of nutrients for good health. The 

right balance of calories, protein, fat, carbohydrates, vitamins, 

and minerals provides energy, and the variety of nutrients 

growing children and working adult need. Foods that are high in 

fat, sugar, or salt, should be limited, they do not provide 

important nutrients. Both Child and Adult Care Program 

(CACFP) meal pattern and the Pyramid Web site by US. 

Department of Agriculture, Food and Nutrition Service, 

encourages eating a variety of foods (US Department of 

Agriculture, Food and Nutrition Service, 2005). Egg 

consumption is a popular choice for good nutrients which they 

are variety of chicken, duck, roe, and caviar, but by a wide 

margin the egg most often humanly consumed is the chicken egg, 

typically unfertilized (Applegate, 2000).
 
Besides, a lot of people 

especially in Asian countries consume quail eggs (or Kai Nok 

Kra Tha, Thai name) which previous study reported that quail 

eggs are packed with vitamins and minerals even with their small 

size, their nutritional value is three to four times greater than 

chicken eggs. Regular consumption of quail eggs helps fight 

against many diseases which is a natural combatant against 

digestive tract disorders such as stomach ulcers. Quail eggs 

strengthen the immune system, promote memory health, increase 

brain activity and stabilize the nervous system. They help with 

anemia by increasing the level of hemoglobin in the body while 

removing toxins and heavy metals (Troutman, 1999-2012). 

Chinese use quail eggs to help treat tuberculosis, asthma, and 

even diabetes. Quail eggs can help prevent sufferer of kidney, 

liver, or gallbladder stones and remove these types of stones. The 

nutritional value of quail eggs is much higher than those offered 

by other eggs with they are rich sources of antioxidants, 

minerals, and vitamins, and give us a lot of nutrition than do 

other foods (Lalwani, 2011). It may consume about 2 quail eggs 

in a day. But there were argued in nutrient information of quail 

eggs cause of lack of scientific data. Thus, this study aimed to 

evaluate nutritional compositions of carbohydrate, fat, protein, 

calories, vitamin, mineral and sex hormone contents of Thai 

quail eggs. The idea that may resolve the world food problem for 

developing countries. The limited knowledge of Western science 

about food is over shadowed by the centuries. 

 

II. MATERIALS AND METHODS 

2.1. Samples collection 

        Quail egg (Coturnix coturnix japonica) samples were 

collected from local markets in Ayutthaya province. Tripicate 

samplings of eggs were conducted, and Eggs samples were 

carefully handled in an ice-box, and transported to the laboratory. 

They were kept in the refrigerator (@ 7°C) before analyses.  

 

2.2. Samples preparation and analyses for chemical 

compositions, amino acids, fatty acids and vitamins  

        Egg sample was weighed for whole, and separated for egg 

whites, and egg yolks, respectively. Egg samples were separately 

homogenized by a laboratory blender (Moulinex A327, France), 

and subjected to proximate analyses (Shapiro, 1995a, 1995b; 

AOAC, 2007), profiles of  amino acids were determined by acid 

hydrolysis and derivertization prior analysis by  GC-FID 

detection (Robert and Sarwar, 2005), fatty acids profiles by  

methylation prior analysis by  Capillary GC detection (Ratnayake 

et al., 2006). Vitamin analysis was conducted by saponification 

and liquid extraction of organic solvents with HPLC-

Fluorescence detection (DeVries, 2005).
 

All analyses were 

performed by a certified laboratory (ALS Laboratory Group 

Co.,Ltd., Bangkok). 

 

G 
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2.3 Minerals analyses 

        All samples were oven dried before ashing at 550 ºC. for 5 

hours. Addition of 20 mL of 1 N hydrochloric acid (HCl) 

followed by qualitative and quantitative analysis by  Inductively 

Couple Plasma (ICP) (Allen, 1971) for phosphorous (P), 

potassium (K), calciumiron (Ca), magnesium (Mg), iron (Fe), 

manganese (Mn), copper (Cu), zinc (Zn) and nitrogen (N) 

analysis (Allen, 1945). 

 

2.4 Sex hormones analyses 

        Whole egg samples were separated for egg whites and egg 

yolks, and they were homogenized. Each sample was weighed 

for 5.0 g of each and 50.0 ml of hexane was added for a 3-minute 

extraction in a mixer (Vortex Genie 2 TM, Scientific Industries, 

INC, BOHEMIA, N.Y.11716, USA). Solvent of the extract was 

evaporated in nitrogen gas. Sample extracts were soluble in 

phosphate buffer (pH 7.0): dimethylsulfoxide (DMSO) (1:1, 

vol/vol) before determinations of sex hormones of LH 

(Luteinizing Hormone), FSH (Follicle Stimulating Hormone), P 

(Progesterone), E2 (Estradiol), T (Testosterone) by ECLIA 

(Electrochemiluminescence immmunoassay, method (Xin et al., 

2012) using Roche Diagnostics kits and PRL (Prolactin) by 

IFMA (Time-resolved fluoroimmunoassay) method (Diamandis, 

1988) using PerkinElmer Life and Analytical Sciences kit. The 

hormonal analyses were performed by reference laboratory of 

King Chulalongkorn Memorial Hospital, Bangkok. 

 

2.5. Data analyses 

        Statistical analyses of the results were carried out using 

descriptive statistical analysis and compared with One-Way 

ANOVA: Post Hoc Multiple Comparison (LSD) between egg 

groups (whole eggs, egg whites and egg yolks). Mean differences 

were considered statistical significant. All statistical analyses 

performed by SPSS for window version 17.0. 

 

III. RESULTS AND DISCUSSION 

3.1 Nutritional compositions of whole quail eggs, egg whites, 

and egg yolks 

        Whole quail eggs were 10.67 g egg
-1

 in weight. Their 

contents of ash, carbohydrate, fat, protein and moisture were 

1.06, 4.01, 9.89, 12.7, and 72.25 g 100g
-1

,
 
respectively.  Energy 

obtained from whole eggs was 156.50 kcal 100g
-1

 (Fig. 1). Most 

of nutrients determined in egg yolks were significantly higher in 

contents than those of egg whites (p<0.001). There was highest 

protein (N 
* 

6.25) content in egg whites. The nutrient 

compositions of quail eggs showed higher ash, carbohydrate 

(include dietary fiber), fat, protein and calories in egg yolks. This 

study resulted that good nutrients should be more in egg yolks. 
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Fig. 1. Nutritional compositions of whole quail eggs, egg whites, and egg yolks. 

 

3.2 Profile amino acids of quail egg whites 

        The most essential amino acid (EAA) of egg whites were 

leucine (1139.0 mg 100g
-1

), valine (869.5 mg 100g
-1

) and lysine 

(790.0 mg 100g
-1

) (Fig. 2). Leucine is a branched chain amino 

acid along with valine and isoleucine. It is beneficial and 

functional to protein structure for 60-70% in human body, and 

blood sugar level regulation which maintains a balance of insulin 

and glucose (Khan, 1999-2012). It proposed as a promising 

pharmaconutrient in the prevention and treatment of sarcopenia 

and/or type 2 diabetes (van Loon, 2012).
 
Valine is required for 

muscle metabolism, repair and growth of tissue and maintaining 

the nitrogen balance in the body. Valine also assists to regulate 

blood sugar and energy levels (Vitalhealthzone, 2007a). While 

lysine is required for growth and bone development in children, 

assists in calcium absorption and assists in maintaining the 

correct nitrogen balance in the body, as well as maintaining lean 

body mass. Lysine is also needed to produce antibodies, 

hormones, enzymes, collagen formation as well as repair of 

tissue (Vitalhealthzone, 2007b). The body consists of the 

branched chain amino acids, their effects are synergistic when 

they were taken together. The total EFA (5486.5 mg 100g
-1

) and 

total NEFA (5297.0 mg 100g
-1

) were not significant different 

concentration. 

        While most of non-essential amino acid were aspartic 

(1488.0 mg 100g
-1

), alanine (739.0 mg 100g
-1

) and serine (665.5 

mg 100g
-1

). Aspartic acid is plays a vital role in energy 

production while alanine plays a key role in maintaining glucose 
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levels in the body by helping the body to convert glucose into 

energy. Alanine also eliminates excess toxins from the liver 

(Vitalhealthzone, 2007c, 2007d). They are good health which 

both NEAA and EAA should be considered in the classic “ideal 

protein” concept or formulation of balanced diets to maximize 

protein accretion and optimize health in animals and humans 

(Wu, 2010). The total of EAA and NEAA in this study were not 

significantly different. 
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Fig. 2.  Profiles of NEAA (left) and EAA (right) amino acids of quail egg whites 

 

3.3 Profile fatty acids of quail egg yolks 

         The most essential fatty acid (EFA) in egg yolks were 

linoleic acid (2.58 g 100g
-1

), docosahexaenoic acid (0.50 g 100g
-1

 

and arachidonic acid (0.44 g 100g
-1

) (Fig. 3) which they were 

UFA. While most non-essential fatty acid (NEFA) in egg yolks 

were oleic acid (8.84 g 100g
-1

), palmitic acid (5.13
 
g 100g

-1
) and 

stearic acid (2.03 g 100g
-1

).
   

Total NEFA (17.09 g 100g
-1

) was 

higher than EFA (3.70 g 100g
-1

). Linoleic acid must be 

consumed for proper health which effects on body composition. 

A diet only deficient in linoleate causes mild skin scaling, hair 

loss (Cunnane and Anderson, 1997)
 
and poor wound healing in 

rats (Ruthig and Meckling-Gill, 1999). Docosahexaenoic acid 

(DHA) is essential for the growth, visual and functional 

development of the brain in infants and has a positive effect on 

diseases such as hypertension, arthritis, atherosclerosis, 

depression, adult-onset diabetes mellitus, myocardial infarction, 

thrombosis, and some cancers (Hrrocks and Yeo, 1999; Craig, 

2005). Arachidonic acid is a polyunsaturated omega-6 fatty acid 

20:4(ω-6). Along with omega-3 fatty acids, omega-6 fatty acids 

play a crucial role in brain function (Wang et al., 2006; Fukaya et 

al., 2007; Rapoport, 2008) as well as normal growth and 

development (Auestad et al., 2001; Clandinin et al., 2005; Leu 

and Schmidt, 2008). Also known as polyunsaturated fatty acids 

(PUFAs), they help stimulate skin and hair growth, maintain 

bone health, regulate metabolism, and maintain the reproductive 

system (Watkins et al., 2001; Remans et al., 2004; Kirby, 2004). 

Total NEFA of quail egg yolks was higher than total EFA for 4.6 

folds. In addition, quail egg yolks were higher UFA level than 

SFA for 1.79 folds. This result showed even quail eggs have high 

fat but most of them were UFA which was better for health. The 

quail eggs had low trans fatty acid which was bad for human 

health. Consuming trans fat increases low-density lipoprotein 

(LDL, or "bad") cholesterol. Food manufacturers in the United 

States and many other countries list the trans fat content on 

nutrition labels. They recommended a limit of less than 0.5 

grams of trans fat per serving (CDC, 2012).
 

The Dietary 

Guidelines for Americans (DGA) recommend that individuals 

keep trans fatty acid consumption as low as possible (US. 

Department of Agriculture and US. Department of Health and 

Human Services, 2010).  
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Fig. 3. Profiles of NEFA (left) and EFA (right) amino acids of quail egg yolks 

 

        Total unsaturated fatty acid (UFA, 13.3 g 100g
-1

) was 

composed of monounsaturated fatty acid (MUFA, 9.64 g 100g
-1

) 

and polyunsaturated fatty acid (PUFA, 3.68 g 100g
-1

) which was 

higher than total saturated fatty acid (SFA, 7.41 g 100g
-1

) (Fig. 

4). The UFA to SFA ratio was 1.79.
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Fig. 4. Fatty acids of quail egg yolks 
 

3.4 Vitamins of 
 
quail egg yolks 

         The most fat soluble vitamins of egg yolks were vitamin E 

(tocopherol, 5920.0 µg 100g
-1

) which was significantly higher 

than vitamin A (717.0 µg 100g
-1

, p<0.001) and vitamin D (1.14 

µg 100g
-1

, p<0.001) (Fig. 5).
 
The most vitamin of egg yolks was 

vitamin E but was low vitamin A and D which was different 

from previous study which reported that egg yolk is one of the 

few foods naturally containing vitamin D (NRC, 1976). Vitamin 

E is a fat-soluble vitamin with antioxidant properties. Vitamin E 

exists in eight different forms (isomers): alpha-, beta-, gamma-, 

and delta-tocopherol; and alpha-, beta-, gamma-, and delta-

tocotrienol but alpha- is the most active form in humans. It has 

been proposed for the prevention or treatment of numerous 

health conditions, often based on its antioxidant properties. Its 

supplementation was linked to a 24% lower risk of 

cardiovascular death (Lee et al., 2010) and 26% reduced the risk 

of major cardiac events among women ages 65 and older 

(Harvard School of Public Health, 2012). Vitamin E might be 

involved: heart disease (Knekt et al., 1994; Glynn et al. 2007; 

Traber, 2007), cancer (Weitberg and  Corvese, 1997; Lee et al., 

2005), eye disorders (Leske et al., 1998; Jacques et al., 2005) and 

cognitive decline (Sano et al., 1997; Morris et al., 2002; Kang et 

al., 2006). Evidence suggests that regular use of high-dose 

vitamin E supplements may increase the risk of death from all 

causes by a small amount, although human research is 

conflicting. Caution is warranted (Miller et al., 2005; Bjelakovic 

et al., 2007; Mayo Clinic, 2011).  
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Fig. 5. Vitamin A, D and E of quail egg yolks 

 

3.5 Minerals of contents of quail eggs 

         The most essential mineral of whole eggs was nitrogen 

(6.36 %) which it was mostly in egg whites (12.2 %) (Fig. 6). 

While most of trace mineral of whole egg were iron (80.8 mg L
-

1
) and zinc (46.9 mg L

-1
). Both of iron (116.0 mg L

-1
) and zinc 

(70.6 mg L
-1

) were higher in egg yolks. Nitrogen functions as the 

component of nucleic acids, proteins, hormones, coenzymes 

(Soetan et al., 2010). It is especially important is during 

pregnancy. The global nitrogen cycle changes affect human 

health well beyond the associated benefits of increased food 

production
 

(Townsend et al., 2003). In addition, most trace 

minerals in whole eggs were iron and zinc which were higher in 

egg yolks. Iron has many functions in the body and is also 

important for maintaining a healthy immune system which is 

essential for blood to work efficiently. Iron functions as 

haemoglobin in the transport of oxygen. Iron deficiency is not 

uncommon among athletes, especially long distance runners 

which can cause of fatigue among these athletes. If the lack of 

iron in our bodies is severe, we can get iron deficiency anemia. 

Iron deficiency anemia is probably the most common nutritional 

disease in the world, affecting at least five hundred million 

people (Mineral Information Institute (Soetan et al., 2010, 

Mineral Information Institute, 2012). Zinc is involved in well 

over one hundred different reactions in the body. Some of these 

reactions help the bodies construct and maintain DNA, the 

molecule that controls how every single part of our bodies is 

made and works. It is also needed for the growth and repair of 

tissues throughout our bodies (Debjit Bhowmik and Sampath 

Kumar, 2010; Mineral Information Institute, 2012). This 

extremely important element is used to form connective tissue 

like ligaments and tendons. Teeth, bones, nails, skin and hair 

could not grow without zinc. The enrichment of zinc would be 

benefit for reduction of diarrhea and pneumonia mortality in 

children (Haider and Bhutta, 2009; Yakoob et al., 2011). The 

previous study presented its biological role in homeostasis, 

proliferation and apoptosis and its role in immunity and in 

chronic diseases (Chasapis et al., 2012). Toxicity disease or 

symptoms of zinc in humans include gastrointestinal irritation, 

vomiting, decreased immune function and a reduction in high 

density lipoprotein (HDL) cholesterol. Higher dietary levels of 

Zn are required in the presence of phytic acid to prevent 

parakeratosis and allow for normal growth (Sidhu et al., 2004).
 

The optimum dietary level for the individual elements required 

for humans is very difficult to clearify cause of each variation of 

physiological response.  
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Fig. 6.  Essential minerals (left) and trace minerals (right) contents of quail eggs 
 

3.6 Sex hormones of quail eggs 

          The most sex hormone of whole eggs was P (318.8  ng g
-1

) 

which was both high in egg whites (321.9 ng g
-1

) and egg yolks 

(307.8 ng g
-1

) (Fig. 7). And a little T of whole eggs was 3.1 ng g
-1

 

which was higher in egg yolks (4.3 ng g
-1

) than in egg whites 

(1.9 ng g
-1

). Sex steroids are pleiotropic hormones that act on 

multiple targets including the central nervous system, bone, 

reproductive organs, and the immune system among others. Sex 

hormones influence the development, maturation, activation and 

death of immune cells (Verthelyi, 2001). The result showed that 

the most sex hormone of whole eggs was P which was both 

higher in egg whites and yolks. Hormone P are benefit for 

antidepressant, balancing blood sugar level, decreasing PMS and 

menopause symptoms and weight loss (Daniel, 2010). But quail 

eggs had low T which low testosterone levels lead to many 

problems for both genders such as reduced sexual drive, sexual 



International Journal of Scientific and Research Publications, Volume 3, Issue 5, May 2013      6 

ISSN 2250-3153  

www.ijsrp.org 

dysfunction, infertility, irritability, mood swings, depression, 

reduced concentration, and sense of well being and prostrate and 

testicular diseases in men (NSI, 2011). Men and women both 

possess testosterone hormones; however, the levels are different 

in both. Some studies also show that low levels of testosterone 

lead to the onset of Type 2 diabetes. The result of sex hormone 

from this study should be better for women and this result 

approved that quail eggs were not high male sex hormone of T.  
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Fig. 7. Sex hormones contents of whole quail eggs, egg whites, and egg yolks. 

 

         Overall, quail eggs have both essential and non-essential 

nutrients which most of them were benefit for human health. The 

total calories were 156.50 kcal 100g
-1

 for human body using for 

function and maintenance of organ. Health benefits may be  good 

for anti cancer effects and inhibits cancerous growth, straightens 

immune system by stunning aging in organs, helps to prevent 

anemia by promoting hemoglobin, is a remedy to gastritis and 

stomach ulcers as many reports (Ye et al., 1999; Lalwani, 2011; 

Squidoo, 2012). 

 

IV. CONCLUSION 

         There were many nutrient benefits of quail eggs which 

most of them as good sources of protein, fat, vitamin E, minerals 

(nitrogen, iron and zinc) and sex hormone P. Thus, we should 

educate or transfer knowledge to people for good nutrient 

benefits of quail eggs as good nutritional foods and may be the 

alternative resolving problem of people in some or all nutritional 

nutrients necessary for human health in developing countries and 

may be a good potential to resolve “World Food Problem”.  

 

ACKNOWLEDGMENTS 

         This work was funded and supported by Surveillance 

Center on Health and Public Health Problem, College of Public 

Health Sciences, Chulalongkorn University Centenary Academic 

Development Project, Chulalongkorn University. 

 

  

REFERENCES 

[1] Allen W.F. A micro-Kjeldahl method for nitrogen  determination. Journal 
of American Oil Chemist’ Society 1945; 8(10), 391-397, DOI:     
10.1007/BF02640022. 

[2] Allen S.E. Chemical Analysis of Ecological Materials. John Wiley & Sons, 
New York, USA. 1971.   

[3] AOAC. Official Method of Analysis of AOAC. International 18th Edition. 
Inc. Maryland 20877-2417, USA. 2005. pp 2-74. 

[4] Applegate E. Introduction: nutritional and functional roles of eggs in the 
diet. Journal of the American College of Nutrition 2000; 19, 495S-498S. 

[5] Auestad N., Halter R., Hall R.T., Blatter M., Bogle M.L., Burks W., 
Erickson J.R., Fitzgerald K.M., Dobson V., Innis  S.M., Singer L.T., 
Montalto M.B., Jacobs J.R., Qiu W., Bornstein M.H. Growth and 
development in term infants fed long-chain polyunsaturated fatty acids: a 
double-masked, randomized, parallel, prospective, multivariate study. 
Pediatrics 2001; 108(2), 372-381. 

[6] Bjelakovic G., Nikolova D., Gluud, L.L., Simonetti R.G., Gluud C. 
Mortality in randomized trials of antioxidant supplements for primary and 
secondary prevention: systematic review and meta-analysis. Journal of the 
American Medical Association 2007; 297, 842-857. 

[7] CDC. Nutrition for everyone: Basics: Trans fat. 2012.  
http://www.cdc.gov/nutrition/everyone/basics/fat/transfat.html Accessed 
20th March 2012.  

[8] Chasapis C.T., Loutsidou A.C., Spiliopoulou C.A.,  and Stefanidou M.E. 
Zinc and human health: an update. Archives of Toxicology 2012; 86(4), 
521-534. 

[9] Clandinin M.T., Van Aerde J.E., Merkel K.L., Harris C.L., Springer M.A., 
Hansen J.W., Diersen-Schade D.A. Growth and development of preterm 
infants fed infant formulas containing docosahexaenoic acid and 
arachidonic acid.  Journal of Pediatrics 2005; 146(4), 461-468. 

[10] Craig L.,  Jensen C.L., Robert G., Voigt R.G., Thomas C., Prager T.C., Zou 
Y.Z., Fraley J.K., Rozelle J.R., Turcich M.R., Llorente A.M., Anderson  
R.E., Heird W.C. Effects of maternal docosahexaenoic acid intake on visual 
function and neurodevelopment in breastfed term infants. American Journal 
of Clinical Nutrition 2005; 82(1), 125-132.  

[11] Cunnane S.,  Anderson M. Pure linoleate deficiency in the rat: influence on 
growth, accumulation of n-6 polyunsaturates, and (1-14C) linoleate 
oxidation. Journal of Lipid Research 1997; 38 (4), 805–812. 

[12] Daniel B. The health benefit of natural progesterone. 2010. 
http://www.hormonhealthy.com/Benefits_of_Natural_Progesterone.htm 
Accessed 21th March 2012.  

[13] Debjit Bhowmik C., Sampath Kumar K.P. A potential medicinal importance 
of zinc in human health and chronic Disease. International Journal 
Pharmaceutical and Biomedical Sciences 2010; 1(1), 05-11. 

[14] DeVries J. W. Concurrent analysis of vitamin A and vitamin E by reversed 
phase high performance liquid in: Liquid chromatography analysis of food 
and beverage, 2005; 477-495.  

[15] Diamandis E.P. Immunoassays with time-resolved fluorescence 
spectroscopy: Principles and applications. Clinical Biochemistry. 1988; 
21(2), 139-150. 



International Journal of Scientific and Research Publications, Volume 3, Issue 5, May 2013      7 

ISSN 2250-3153  

www.ijsrp.org 

[16] Fukaya T., Gondaira T., Kashiyae Y., Kotani S., Ishikura Y., Fujikawa S., 
Kiso Y., Sakakibara M. Arachidonic acid preserves hippocampal neuron 
membrane fluidity in senescent rats. Neurobiology of Aging 2007; 28 (8), 
1179–1186. 

[17] Glynn R.J., Ridker P.M., Goldhaber S.Z., Zee R.Y., Buring J.E. Effects of 
random allocation to vitamin E supplementation on the occurrence of 
venous thromboembolism: report from the Women's Health Study. 
Circulation 2007; 116, 1497-1503. 

[18] Haider B.A., and Bhutta Z.A. The effect of therapeutic zinc 
supplementation among young children with selected infections: a review of 
the evidence. Food and Nutrition Bulletin 2009; 30(1 Suppl), S41-59. 

[19] Harvard School of Public Health. The nutrition source: Vitamin E and 
health. http://www.hsph.harvard.edu/nutritionsource/what-should-you-
eat/vitamin-e/index.html Accessed 25th March 2012.  

[20] Hrrocks L.A., Yeo Y.K. Health benefits of docosahexaenoic acid (DHA). 
Pharmacological Research 1999; 40(3), 211-225. 

[21] Jacques P.F., Taylor A., Moeller S., Hankinson S.E., Rogers G., Tung W. 
Long-term nutrient intake and 5-year change in nuclear lens opacities. 
Archives of Ophthalmology 2005; 123, 517-526. 

[22] Kang J.H., Cook N., Manson J., Buring J., Grodstein F. A randomized trial 
of vitamin E supplementation and cognitive function in women. Archives of 
International Medicine 2006; 166, 2462-2468. 

[23] Khan S. Leucine Structure. 1999-2012. 
http://www.ehow.com/about_6046905_leucine-structure.html Accessed 5th 
April 2012. 

[24] Kirby N.A. Effect of dietary polyunsaturated fatty acids and related 
nutrients on sebum lipids, and skin and hair coat condition in canines. 
Master's thesis, Texas A&M University. Texas A&M University. 2004. http 
: / /hdl .handle .net /1969 .1 /1385 Accessed 2nd March 2012.  

[25] Knekt P., Reunanen A., Jarvinen R., Seppanen R., Heliovaara M., Aromaa 
A. Antioxidant vitamin intake and coronary mortality in a longitudinal 
population study. American Journal of Epidemiology 1994; 139, 1180-
1189. 

[26] Lalwani P. Quail Egg Nutrition. 2011 http://www.buzzle.com/articles/quail-
egg-nutrition.html Accessed 15th April 2012. 

[27] Lee I.M., Cook N.R., Gaziano J.M., Gordon D., Ridker P.M., Manson J.E., 
Hennekens C.H., Buring J.E. Vitamin E in the primary prevention of 
cardiovascular disease and cancer: the Women's Health Study: a 
randomized controlled trial. Journal of American Medical Association 
2005; 294, 56-65. 

[28] Leske M.C., Chylack Jr.L.T., He Q., Wu S.Y., Schoenfeld E., Friend J., 
Wolfe J. Antioxidant vitamins and nuclear opacities: the longitudinal study 
of cataract. Ophthalmology 1998; 105, 831-836. 

[29] Leu B.H., Schmidt J.T. Arachidonic acid as a retrograde signal controlling 
growth and dynamics of retinotectal arbors. Developmental Neurobiology 
2008; 68(1), 18-30. 

[30] Mayo Clinic. Vitamin E. 2011. 
http://www.mayoclinic.com/health/vitamine/NS_patient-vitamine Accessed 
15th April 2012. 

[31] Miller E.R., Pastor-Barriuso R., Dalal D., Riemersma R.A., Appel L.J., 
Guallar E. Meta-analysis: high-dosage vitamin E supplementation may 
increase all-cause mortality. Annals of International Medicine 2005; 142, 
37-46. 

[32] Mineral Information Institute. 2012. The Role of Elements in Life 
Processes: Minerals, elements and nutrition. 
http://www.mii.org/periodic/lifeelement.html   Accessed 15th April 2012. 

[33] Morris M.C., Evand D.A., Bienias J.L., Tangney C.C., Wilson R.S., 
Vitamin E and cognitive decline in older persons. Archives of Neurology 
2002; 59, 1125-1132. 

[34] NRC. Fat Content and Composition of Animal Products, Printing and 
Publishing Office, National Academy of Science, Washington, DC, USA. 
1976. pp. 203. 

[35] NSI. The relationship between testosterone and other diseases. 2011. 
http://www.nationwidesi.com/blog/testosterone/the-relationship-between-
testosterone-and-other-diseases/ Accessed 1st June 2012. 

[36] Rapoport S.I. Arachidonic acid and the brain. Journal of Nutrition 2008; 
138 (12), 2515–2520. 

[37] Ratnayake W.M.N., Hansen S.L., Kennedy M.P. Evaluation of the CP-Sil 
88 and SP-2560 GC columns used in the recently approved AOCS official 
method Ce 1h-05: Determination of cis-, trans-, saturated, monounsaturated, 

and polyunsaturated fatty acids in vegetable or non-ruminant animal oils 
and fats by capillary GLC method. Journal of American Oil Chemist’ 
Society 2006; 83(6), 475-488. 

[38] Remans P.H., Sont J.K., Wagenaar L.W., Wouters- Wesseling W., 
Zuijderduin W.M., Jongma A., Breedveld  F.C., Van Laar J.M. Nutrient 
supplementation with polyunsaturated fatty acids and micronutrients in 
rheumatoid arthritis: clinical and biochemical effects. European Journal of 
Clinical Nutrition 2004; 58(6), 839-845. 

[39] Robert W.P., Sarwar G.G. Chromatographic determination of amino acids 
in foods. Journal of AOAC International 2005; 88(3), 877-887. 

[40] Ruthig D.J., Meckling-Gill K.A. Both (n-3) and (n-6) fatty acids stimulate 
wound healing in the rat intestinal epithelial cell line, IEC-6. Journal of 
Nutrition 1999;. 129 (10), 1791–1798. 

[41] Sano M., Ernesto C., Thomas R.G., Klauber M.R., Schafer K., 
Grundman,M., Woodbury P., Growdon J., Cotman C.W., Pfeiffer E., Lon 
S., Schneider M.D., Leon J. A controlled trial of selegiline, alpha-
tocopherol, or both as treatment for Alzehimer’s disease. New England 
Journal of Medicine 1997; 336, 1216-1222. 

[42] Shapiro R. Cabohydrate. In Nutrition labelling handbook, Marcel Dekker 
Inc. New York 10016, USA. 1995a. pp. 501. 

[43] Shapiro R. Calories. In Nutrition labeling handbook, Marcel Dekker (p. 
559), Inc. New York 10016, USA. 1995b.  

[44] Sidhu P., Gorg M.L., Morgenstern P., Vogt J., Butz T., Dhawan D.K. Role 
of Zinc in regulating the levels of hepatic elements following nickel toxicity 
in rats. Biological Trace Elements Research 2004; 102, 161-172. 

[45] Soetan K.O., Olaiya C.O., Oyewole O.E. The importance of mineral 
elements for humans, domestic animals and plants: A review. African 
Journal of Food Science 2010; 4(5), 200-222. 

[46] Squidoo., Quail eggs health benefits. 2012. http://www.squidoo.com/quail-
remedy-healthy-Eating Accessed 1st May 2012. 

[47] Townsend A.R.,  Howarth R.W., Bazzaz F.A., Booth M.S., Clevel C.C., 
Collinge S.K., Dobson A.P., Epstein P.R., Holland E.A., Keeney D.R., 
Mallin M.A.,  Rogers C.A., Wayne P., Wolfe A.H. Human health effects of 
a changing global nitrogen cycle. Frontier in Ecology and the Environment 
2003; 1(5), 240–246. 

[48] Traber M.G. Heart disease and single-vitamin supplementation. American 
Journal of Clinical Nutrition 2007; 85, 293S-299S. 

[49] Troutman.  1999-2012. What Are the Benefits of Quail Eggs? 
http://www.ehow.com/list_6671158_benefits-quail-eggs_.html Accessed 
9th May 2012.  

[50] US. Department of Agriculture, Food and Nutrition Service. Dietary 
Guidelines for Americans.Washington, D.C. 2005. 
http://www.mypyramid.gov/guidelines/index_print.html Accessed 10th 
June 2012.  

[51] US. Department of Agriculture and US. Department of Health and Human 
Services. Dietary Guidelines for Americans, 7th Edition, Washington, DC, 
USA. 2010. 

[52] van Loon L.J. Leucine as a pharmaconutrient in health and disease. Current 
Opinion in Clinical Nutrition and Metabolic Care 2012; 15(1), 71-77. 

[53] Verthelyi D. Sex hormones as immunomodulators in health and disease. 
International Immunopharmacology 2001; 1, 983–993. 

[54] Vitalhealthzone., Valine amino acid. 2007a. 
http://www.vitalhealthzone.com/nutrition/amino-acids/valine.html 
Accessed 9th June 2012. 

[55] Vitalhealthzone., Lysine amino acid. 2007b. 
http://www.vitalhealthzone.com/nutrition/amino-acids/lysine.html Accessed 
9th June 2012. 

[56] Vitalhealthzone., Aspartic acid. 2007c 
http://www.vitalhealthzone.com/nutrition/amino-acids/aspartic_acid.html 
Accessed 9th June 2012.  

[57] Vitalhealthzone., Alanine. 2007d. 
http://www.vitalhealthzone.com/nutrition/amino-acids/alanine.html 
Accessed 9th June 2012.  

[58] Wu G. Functional Amino Acids in Growth, Reproduction, and Health. 
Advance in Nutrition 2010; 1, 31-37.  

[59] Wang Z.J., Liang C.L., Li G.M., Yu C.Y., Yin M. Neuroprotective effects 
of arachidonic acid against oxidative stress on rat hippocampal slices. 
Chemico-Biological Interaction 2006; 163(3), 207–217. 



International Journal of Scientific and Research Publications, Volume 3, Issue 5, May 2013      8 

ISSN 2250-3153  

www.ijsrp.org 

[60] Watkins B.A., Li Y., Lippman H.E., Seifert M.F. Omega-3 polyunsaturated 
fatty acids and skeletal health. Experimental Biology and Medicine 
(Maywood) 2001; 226(6), 485-497. 

[61] Weitberg A.B., Corvese D. Effect of vitamin E and beta-carotene on DNA 
strand breakage induced by tobacco-specific nitrosamines and stimulated 
human phagocytes. Journal of Experimental & Clinical Cancer Research 
1997; 16, 11-14. 

[62] Xin T-B, Chen H., Lin Z., Liang  S-X, Lin J-M. A secondary antibody 
format chemiluminescence immunoassay for the determination of estradiol 
in human serum. Talanta 2010;. 82(4), 1472-1477.  

[63] Yakoob M.Y., Theodoratou E., Jabeen A., Imdad A., Eisele T.P., Ferguson 
J., Jhass A.,  Rudan I., Campbell H., Black  R.E., Bhutta Z.A., Preventive 
zinc supplementation in developing countries: impact on mortality and 
morbidity due to diarrhea, pneumonia and malaria. BioMed Central Public 
Health 2011; 11(Suppl 3), S23. 

[64] Ye X., Marks H.L., Nestor K.E., Bacon W.L., Velleman S.G. Genetic 
relationship among lines and smooth muscle and ovarian follicular 
development within lines of Japanese quail in two long-term selection 
studies. Poultry Science 1999; 78(10), 1372-1376. 

 

AUTHORS 

First Author – Tanasorn Tunsaringkarn, College of Public 

Health Sciences, Chulalongkorn University,  Bangkok 10330, 

Thailand,  email address:  tkalayan@chula.ac.th 

Second Author – Wanna Tungjaroenchai , Faculty of Agro-

Industry, King Mongkut’s Institute of Technology Ladkrabang, 

Bangkok 10520, Thailand, email address: wannat79@yahoo.com 

Third Author – Wattasit Siriwong. College of Public Health 

Sciences, Chulalongkorn University, Bangkok 10330, Thailand, 

email address: Wattasit.S@chula.ac.th 

 

Correspondence Author – Tanasorn Tunsaringkarn, email 

address: tkalayan@chula.ac.th 

 

NOTES AND REFERENCES 

      The authors declare no competing financial interest. 

.  

 

 

 


