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Abstract:
Objective: The aim of the study was to investigate the effect of quail egg and hen egg supplements on lipoprotein profiles, 
low-density lipoprotein (LDL) oxidation and small dense LDL cholesterol (sd-LDL-C)  in young healthy people, compared 
with hen eggs. 
Material and Methods: Twenty-three healthy volunteers (11 men and 12 women) were randomly assigned to consume 
3 whole hen eggs per day (hen group, n=11) (total cholesterol 633 mg) or 9 quail eggs per day (quail group, n=12) (total 
cholesterol 459 mg) for 30 days. The plasma cholesterol and plasma triglyceride concentrations and lipoprotein fractions 
(Triglyceride-rich lipoprotein; TRL, LDL and high-density lipoprotein; HDL) were determined at baseline and after the 
30-day period of egg consumption. The LDL oxidation (lag time) was measured by the increase of conjugated diene 
production. Sd-LDL-C was calculated from the major lipid and lipoprotein parameters.
Results: In the quail group, plasma triglyceride (TG) and LDL-TG were significantly decreased, whereas the plasma 
cholesterol and HDL-C were unchanged. There was no alteration in lipoprotein profiles in the hen group. The LDL lag time 
of the quail group was longer than at baseline. There were no significant changes in sd-LDL-C levels in both groups during 
the study. 
Conclusion: Quail egg and hen egg consumptions for 30 days did not change the lipoprotein profiles, sd-LDL as 
well as the LDL-oxidation, which not modified the cardiovascular disease risk factor. 
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Introduction
	 Cardiovascular disease (CVD) is a major cause of 

death in Thailand.1 The major risk factor for CVD is dys-

lipidemia which is defined by hypercholesterolemia, high 

levels of low-density lipoprotein cholesterol (LDL-C) and 

low levels of high-density lipoprotein cholesterol (HDL-C).2  

Low-density lipoprotein (LDL) particles are heterogeneous 

in size and density, the LDL diameter varies between 

18-25 nm., and density varies between 1.019-1.063 g/ml.3

LDL particles were classified into subclasses, mainly 

large, buoyant LDL (lb-LDL) and small dense LDL particles 

(sd-LDL). The sd-LDL is a strong risk factor for CVD.4,5  

The origin of CVD is the LDL particles, can penetrate into 

arterial wall and undergo oxidation to become oxidized 

LDL (ox-LDL). The ox-LDL is taken up by macrophage via 

scavenger receptor. Macrophage can uptake ox-LDL 

continuously and become lipid laden macrophages, accu-

mulating in the arterial wall.6   The evidences supported the 

relationship between ox-LDL and the pathogenesis of 

atherosclerosis are; the ox-LDL was found in the athero-

sclerotic lesion, LDL extracted from atherosclerotic lesion 

has a biological property of ox-LDL, and the antibodies 

to ox-LDL presented in the circulation. Then, the LDL-

oxidation can be used as atherosclerotic risk factor.7 

Another important parameter that closely related to CVD 

is sd-LDL. In a case control study reported by Austin 

et al.,4 LDL mean particle diameters isolated from 

myocardial infarction patients were smaller than control 

LDL. Sd-LDL was associated with a threefold increase 

risk of myocardial infarction independent of age, sex and 

body weight. Serum cholesterol and LDL-C of case and 

control were not significantly different. Then, the use of 

plasma cholesterol and LDL-C to estimate risk for CVD 

could not be precisely predicted. 

	 Eggs are enriched in dietary cholesterol and many 

nutrients, such as essential amino acids, folate, riboflavin, 

selenium, choline, lutein, zeaxanthin, vitamin A, D, E, and 

K and fatty acids.8 Due to the eggs contained high 

cholesterol, regular egg consumption may also affect 

plasma cholesterol and LDL-C. The American Heart

Association/American College of Cardiology reported that 

there is insufficient evidence to support the restriction of 

dietary cholesterol, which is less relevant to CVD.9 Many 

researchers have tried to elucidate the relationship 

between egg consumption and plasma lipid and lipo-

protein i.e. plasma cholesterol and LDL-C. Some reports 

have shown the egg consumption improved the lipoprotein 

profiles,10,11 others were increased the plasma lipid.12 How-

ever, there has been little evidence that egg consumption 

is directly related to CVD. One research confirmed the 2 

hen egg consumption per day, up to 6 weeks, egg did not 

adversely affect endothelial function which was measured 

as flow-mediated vasodilation and brachial artery reactiv-

ity in healthy adults and arterial stuffiness or endothelial 

function.13 Many studies reported the effects of hen egg 

consumption on the alteration of lipoproteins profiles, but 

few studies reported the alteration of LDL oxidation and 

sd-LDL-C. One hen egg per day for 4 weeks can decrease 

the LDL-oxidation, which reported by Kishimoto et al.,14  

whereas Mutungi et al.15 reported the sd-LDL-C was 

decreased after 3 hen eggs per day consumption for 12 

weeks.   

	 Egg yolks from different species are difference 

in lipid and nutrients. The fatty acid profile form of 5 

avian species, hen, quail, goose, turkey and ostrich, were 

studied by Adabi et al.16 The ostrich egg had the highest 

unsaturated fatty acid and the lowest cholesterol content 

in relation to the other avian species. Hen yolk contained 

higher levels of 22:6n-3 than those found in other avian 

species. Compared with a hen egg, the cholesterol 

contained in a quail egg is 11.12 mg/g of yolk, whereas 

the hen egg contains 12.25 mg/g of yolk. From this report, 

the cholesterol concentration in the hen egg is higher 

than that in the quail egg. Sinanoglou et al.17 analyzed the 
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major lipid compositions in the egg yolk of 5 avian species: 

quail, goose, turkey, duck and ostrich. The turkey and 

goose egg yolks contained a beneficial w-6/w-3 ratio 

contributing to cardiovascular risk reduction. The quail egg 

yolk showed a significantly low concentration in total lipid, 

triglycerides, cholesterol and saturated fatty acids. The 

researchers recommended that the quail egg is suitable 

for a healthier human and especially infant diet. In Thai-

land, the most popular egg is the hen egg, but the quail 

egg is a composition of many kinds of food. The chemical 

and lipid compositions in egg yolk vary within the species, 

quail eggs contain lower cholesterol and triglycerides, and 

thus it may be an alternative egg choice for food. Most 

research reported the effect of egg consumption on 

plasma lipid and lipoproteins, however, the serum choles-

terol and LDL-C levels are not able to predict the risk 

for CVD accurately. The LDL-oxidation and sd-LDL-C 

should be added to the CVD risk evaluation. No published 

research elucidates the change in blood lipid and lipo-

protein profile after quail egg consumption, as well as 

the sd-LDL and LDL-oxidation. Therefore, this study was 

undertaken to evaluate the effects of quail egg and hen 

egg consumption on lipoprotein profile, LDL-oxidation and 

sd-LDL-C in young healthy volunteers. 

Material and Methods
	 Subjects

	 Twenty-four volunteers aged between 18-25 years 

(12 male and 12 female) were recruited. The inclusion 

criteria were normolipidemia; fasting plasma cholesterol 

less than 220 mg/dl, plasma triglycerides less than 150 

mg/dl. Participants were excluded if they had egg 

allergy, diabetes mellitus, liver or kidney disorder, body 

mass index (BMI) higher than 22.9 kg/m2. All volunteers 

were randomly assigned to consume 3 hen eggs (50 g/

unit) per day (hen group) or 9 quail eggs (10 g/unit) per 

day (quail group) in their regular diets for 30 days. 

Hen eggs and quail eggs were cooked by boiling. Hen 

eggs and quail eggs were purchased at a local super-

market (Top supermarket). Participants were asked not 

to consume any eggs outside of those provided to them. 

Participants were instructed to maintain their regular dietary 

habits, medication, and physical activity and asked to 

avoid other egg consumption. The 3 hen eggs (50 g/egg) 

contained cholesterol 642 mg, 11.7 g fat, 4.4 g SFA, 4.8 g 

MUFA, 2.4 g PUFA. The 9 quail egg contained cholesterol 

459 mg kcal, 13.2 g fat, 4.6 g SFA, 6.3 g MUFA, 2.9 g 

PUFA.18 Written informed consent was obtained from the 

subjects after an explanation of the purpose, nature and 

potential risks of this study. This study was approved by 

the Ethics Committee of Health Sciences, Chulalongkorn 

University. The Certificate of Approval number is 076/

2017.

	 Body weight

	 Body weight was measured by balance-type 

medical scale with light clothing and without shoes. 

Percentage of body fat was measured using Bioelectric 

Impedance Analysis. All parameters were measured at 

the beginning for baseline and after the 30-day period 

of quail or hen egg consumption. BMI was calculated by 

body weight divided by height in meters.2

	 Blood collection 

	 Twelve-hour fasting blood sample was collected 

from all the volunteers before and after the 30-day period 

of hen or quail egg consumption using ethylenedia-

mine tetra aceitc acid (EDTA) as an anticoagulant. The 

blood was centrifuged at 3,000xg, for 10 min, EDTA 

plasma was separated immediately after centrifugation. 

	 Lipoprotein separations19   

	 Lipoproteins were isolated from EDTA plasma by 

sequential ultracentrifugation. Triglyceride-rich lipoprotein 
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(TRL), LDL and HDL were isolated at a density range 

of 1.006-1.019 g/ml, 1.019-1.063 g/ml and 1.063-1.21 

g/ml, respectively. Ultracentrifugation was performed by 

himac CS150GXL Microultracentrifuge (Hitachi KoKi, 

Tokyo, Japan). Total cholesterol (TC) and triglyceride (TG) 

concentrations in each lipoprotein fraction were deter-

mined by enzymatic methods (Human, Germany).

	 Susceptibility of low-density lipoprotein to 

oxidation, in vitro 

	 LDL was desalted with phosphate buffered saline 

(PBS) (pH 7.4) by gel filtration in Sephadex G-25M PD-10 

columns (Amersham, USA), using PBS (0.1 mol/L) free of 

EDTA. The protein concentration in the LDL fraction was 

measured by the Lowry method,20 using bovine serum 

albumin as the standard. LDL (50 μg protein/ml) was 

incubated at 37 °C in the presence of 5μM CuSO4 in PBS 

buffer. The formation of conjugated diene was monitored 

by continuously increasing absorption at 234 nm for up 

to 4 hours (UV-Visible spectrophotometer Evolution 300 

(Thermo Scientific, USA). The lag time for initiation of LDL 

oxidation was defined as the time interval between the 

initiation and the intercept of the two tangents draw to 

the lag and propagation phase of the absorbance curve 

at 234 nm.21 

	 Small dense low-density lipoprotein cholesterol 

concentration22

 	 Sd-LDL-C concentration was estimated using the 

formula: sd-LDL-C (mg/dl)=0.58(non-HDL-C)+0.407

(direct LDL-C)–0.719(calculated LDL-C)–12.05. 

Direct LDL-C were measured by homogenous assay, 

performed by Professional Laboratory Management Corp. 

Co., Ltd. Bangkok, Thailand. LDL was calculated using 

the Firedewald equation.23 

	 Statistical analysis       

	 The results are reported as means±standard 

deviation. Data analysis was conducted using Statistical 

Package for the Social Sciences (SPSS) program statistical 

software (ver.17.0). The significant differences of demo-

graphic data and biochemical data at baseline and after 

the test period between quail group and hen group were 

determined by Independent student’s t-test. The change 

in lipoprotein profile and LDL lag time between baseline 

and after the 30-day period of egg consumption were 

analyzed by a Paired t-test. Two factor ANOVA was used 

to test for differences between the sexes. P-value< 

0.05 was considered statistically significant.

Results
	 Demographic data of participants

	 Twenty-four volunteers participated in this study. 

One participant in the hen group dropped out because he 

could not consume the 3 eggs daily for 30 days. Baseline 

characteristics of volunteers are shown in Table 1. The 

mean age of participants was 19.1±2.0 years in the quail 

group, and 19.6±1.5 years in the hen group. Body weight 

was 58.4±4.1 kg in the quail group, and 56.3±8.4 kg 

in the hen group. BMI was 20.4±1.4kg/m2 in the quail 

group, and 20.5±1.8 kg/m2 in the hen group. Body fat 

was 18.7±6.1% in the quail group, and 19.0±6.0% in the 

hen group. There were no significant differences between 

age, body weight, BMI and % body fat between quail and 

hen group. % Body fat in females were significantly higher 

than males (p-value<0.01). After 30 days of egg consumption, 

there were no significant changes in body weight, BMI 

and % body fat in both groups. No sex differences were 

noted in any of the measured parameters in response to 

egg. 
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	 Lipoprotein profiles

	 Baseline characteristic of lipoprotein profiles are in 

Table 2. There were no significant differences in baseline 

lipid and lipoproteins between the 2 groups. After 30 day 

of quail egg consumption, the plasma TG and LDL-TG 

concentrations were significantly lower than baseline 

(p-value<0.05), whereas the VLDL-TG and HDL-TG 

levels were not significantly change. Plasma TG and LDL-

TG were reduced by 11.4 and 13.0%, respectively. The 

plasma TC, TRL-C, LDL-C and HDL-C concentrations 

were not significantly different between baseline and 

after 30 days of quail egg consumption (Table 3). Plasma 

TG, TC and other lipoprotein profiles for the hen group 

did not change over the period, although participants 

consumed more cholesterol provided by the eggs (Table 4).

	 The LDL oxidation was conducted by conjugated 

diene monitoring. Lag time was calculated by the inter-

ception between slope and steady state. LDL isolated from 

the quail group shows a prolonged lag time compared to 

baseline (63.5±5.3 vs 79.5±4.7 min at baseline and after 

the 30-day period of quail egg consumption, respectively, 

p-value=0.01).  In the hen group, there were no significant 

changes in lag time for LDL oxidation (66.7±3.19 vs 71.8±

4.6 min at baseline and after 30 days of quail egg 

consumption, respectively, p-value=0.14) (Figure 1). Sd-

LDL-C concentrations were estimated from lipid and 

lipoprotein parameters. Compared to baseline, there were 

no significant changes in the sd-LDL-C concentration 

for either group (Figure 2).

Table 1 Demographic data of participants at baseline and after 30 days of quail egg and hen egg consumption 

Parameters 
Quail group (n=12) Hen group (n=11)

Baseline 30-day Baseline 30-day

Sex 

   Male 6 6 5 5

   Female 6 6 6 6

Age (year) 19.1±2.0 19.1±2.0 19.6±1.5 19.6±1.5

Body weight (kg) 58.4±4.1 59.1±4.4 56.3±8.4 56.0±8.2

   Male 59.1±3.7 58.4±3.5 59.1±8.5 59.1±8.5

   Female 57.8±4.2 59.8±5.8 53.6±7.7 53.5±7.8

Body mass index (kg/m2) 20.4±1.4 20.6±1.3 20.5±1.8 20.9±1.3

   Male 20.1±1.0 19.9±0.8 20.5±1.7 20.3±1.6

   Female 20.6±1.8 21.3±1.4 20.6±2.2 20.5±2.1

Body fat (%) 18.7±6.1 18.4±6.5 19.0±6.0 18.5±5.7

   Male 14.2±2.8 13.9±3.2 14.7±2.8 14.2±2.8

   Female 23.2±5.0* 22.9±5.8* 22.6±5.7* 22.1±5.0*

Data are shown in mean±S.D. There were no differences between baseline and 30-day in both groups. 

*Significantly different from male at p-value<0.05.
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Table 2 Baseline characteristic of lipoprotein profiles of the participants
 

Lipoprotein profiles Quail group (n=12) Hen group (n=11)

Plasma cholesterol (mg/dl) 181.4±26.7 189.8±25.4

   TRL-C 30.5±18.5 32.1±7.8

   LDL-C  74.2±14.4 76.8± 11.4

   HDL-C  60.4±10.7 60.8±12.7

Plasma triglyceride (mg/dl) 91.1±22.8 77.0±19.1

   TRL-TG  45.6±21.4 34.7±10.7

   LDL-TG  24.8±6.1 20.0±4.5

   HDL-TG  23.5±2.8 20.8±4.2

sd-LDL-C (mg/dl) 29.4±7.1 31.0±6.2

LDL lag time (min) 64.8±17.0 66.8±10.6

Data are shown in mean±S.D. There were no differences between baseline and 30-day in both groups. 

C=cholesterol, TG=triglyceride, TRL=triglyceride-rich lipoprotein, LDL=low-density lipoprotein, HDL=high-density lipoprotein, 

sd-LDL=small dense low-density lipoprotein

Table 3 Lipoprotein profiles of the quail group 

Lipoprotein profiles Baseline 30-day Change P-value

Plasma C (mg/dl) 181.4±26.7 189.4±23.4 +8.0 0.25

   TRL-C  30.5±18.5 27.4±14.7 -3.1 0.63

   LDL-C  74.2±14.4 75.8±19.3 +1.6 0.75

   HDL-C 60.4±10.7 64.6±23.4 +4.2 0.54

Plasma TG (mg/dl) 91.1±22.8 80.7±21.2* -10.4 0.03

   TRL-TG  45.6±21.4 39.7±17.5 -5.9 0.20

   LDL-TG  24.8±6.1 18.1±6.8* -6.7 0.005

   HDL-TG  23.5±2.8 20.9±7.4 -2.6 0.24

Data are shown in mean±SD. *Significantly different from baseline at p-value<0.05.

C=cholesterol, TG=triglyceride, TRL=triglyceride-rich lipoprotein, LDL=low-density lipoprotein, HDL=high-density lipoprotein, 

sd-LDL=small dense low-density lipoprotein



Mingpakanee R, et al.Quail Egg Consumption and Lipoproteins

Journal of Health Science and Medical Research                                                   J Health Sci Med Res 2019;37(...):..................7

Table 4 Lipoprotein profiles of the hen group 

Lipoprotein profiles Baseline 30-day Change P-value

Plasma C (mg/dl) 189.8±25.4 184.9±26.5 -4.9 0.51

   TRL-C 32.1±13.1 27.6±12.3 -4.5 0.27

   LDL-C 76.8±13.0 72.9±19.3 -3.9 0.45

   HDL-C 60.8±12.7 57.4±16.9 -2.1 0.47

Plasma TG (mg/dl) 77.0±19.1 77.4±18.4 +0.4 0.95

   TRL-TG 34.7±10.7 36.2±14.1 +1.5 0.77

   LDL-TG 20.0±4.5 18.4±4.2 -1.6 0.34

   HDL-TG 20.8±4.2 19.7±7.0 -1.0 0.33

Data are shown in mean±S.D. *Significantly different from baseline at p-value<0.05.

C=Cholesterol, TG=Triglyceride, TRL=Triglyceride-rich lipoprotein, LDL=Low-density lipoprotein, HDL=High-density lipoprotein, 

sd-LDL=small dense low-density lipoprotein

Figure 1 	The changes in low-density lipoprotein lag time in quail group and hen group. Values ware expressed as mean 

	 changes between baseline and after 30 days of quail and egg consumption. 

*Indicates significantly different from baseline at p-value<0.05.
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Figure 2 The changes in small, dense low-density lipoprotein cholesterol concentration from baseline and after 30 days 

	 of quail egg (quail group) and hen egg (hen group) consumption. Values ware expressed as mean changes 

	 between baseline and 30-day. There were no differences between baseline and 30-day in both groups.

Discussion
	 In this study, we demonstrated that quail egg 

supplement significantly decreases the plasma TG and 

LDL-TG without changing the plasma TC, LDL-C and sd-

LDL-C concentrations. Furthermore, quail egg intake

prolong the lag time for LDL oxidation. The hen egg 

consumption did not increase lipoprotein profiles. The 

LDL-oxidation and sd-LDL-C did not modified after 

30 day daily 3-hen egg consumption.  

	 There are very few researches studying the effect 

of quail egg consumption on plasma lipid and lipoproteins. 

One research that studied the plasma lipid changes after 

quail egg consumption was reported by Adabi et al.16 Four 

male participants were consumed 21 g quail egg yolks 

per day (approximate 7 quail eggs) without diet restricted, 

for 30 days. At the end of the study, the LDL-C was 

significantly increased, compared with baseline. Plasma 

cholesterol and triglyceride, as well as, HDL-C did not 

change during the study. The difference between the 

current study and Adabi’s study may due to the age of 

participants. The average age of participants in the 

current study was 19 years old while the Adabi’s study 

was 55 years old. The age-related raise the plasma choles-

terol and LDL-C.24 This may be explained by the effect 

of age on LDL-C metabolism. LDL particles are removed 

from the circulation by hepatic LDL receptor, and the LDL 

receptor decreases with age, then reducing the rate of 

LDL clearance and increase the LDL resident time in the 

circulation.25 Older volunteers have reduced hepatic LDL 

receptor formation, resulting in less LDL clearance from 

the bloodstream, resulting in a high LDL-C. Moreover, the 

reduction of plasma TG and LDL-TG was found in current 

study. Since the quail group lost more weight when 

compared with hen group, the weight loss increases the 

lipoprotein lipase activity which would facilitate TG hydro-

lysis.26 It is conceivable that the decrease in plasma TG in 

the present study may results from the weight reduction.
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	 The effects of hen egg supplements on plasma 

lipid and lipoproteins also investigated. Our results 

represent that daily hen egg consumption did not increase 

plasma TC, plasma TG and LDL-C, in young healthy 

volunteers. This finding is different from a previous study. 

Oh and Miller studied the supplement of 3 eggs/day in 

healthy middle-aged men, in addition to daily diets for 30 

days. After 30 days, the plasma TC was increased from 

188.0±36.0 to 199.0±36.0 mg/dl.27 Other research reported 

the effects of 2 hen egg consumption for 3 weeks increased 

the plasma TC and LDL-C in middle-aged men.12 The 

difference in age of participants between the current 

study and previous studies may account to the cholesterol 

response. Bile acid synthesis declines with age, and then 

the cholesterol utilization also decrease which is accom-

panied by rise plasma cholesterol.  The cholesterol-rich diet 

may increase the TC and LDL-C, and then an increasing 

intake of dietary cholesterol from egg, in combination with 

energy restriction should be recommended. The diet was 

restricted during egg consumption as found in some 

studies. Egg consumption in overweight men with a carbo-

hydrate-restricted diet was conducted by Mutungi and 

colleagues (2008).29 Overweight men (BMI 25-37 kg/m2) 

restricted carbohydrates (10.0-15.0% energy from carbo-

hydrates) and supplements to 3 eggs per day, for 12 

weeks. At the end of the study, the concentration of 

plasma TG was reduced, whereas the HDL-C was 

significantly increased. Plasma LDL-C and LDL-C:HDL-C 

ratio did not change. The similar research which study 

on overweight men supplemented 2 eggs per day for 

12 weeks does not increase plasma TC and LDL-C.30 

Although our research did not restrict carbohydrates, a 

3-hen-egg supplement did not increase the TC or LDL-

C, and did not modify the CVD risk factors. 

	 Most research studying on the effects of hen egg 

consumption reported the plasma TC, TG, LDL-C and 

HDL-C concentrations, but TG content in each lipoprotein 

was not elucidated. Another finding on lipoprotein profiles 

after quail egg consumption in the current study was the 

reduction of LDL-TG concentrations. Normally, LDL 

particles are enriched in cholesteryl ester, but in some 

state, the LDL particles were induced to change the lipid 

composition and become TG-rich LDL. Human LDL 

particles comprise 2 different main fractions: lb-LDL and 

sd-LDL particles.31,32 Lb-LDL is defined as LDL particle with 

a diameter≥25.5 nm, whereas sd-LDL has a diameter 

smaller than 25.5 nm. The sd-LDL production depends on 

the cholesteryl ester in LDL particle exchanged with TG 

in very low-density lipoprotein (VLDL) particles. After the 

exchange, the LDL particle becomes a TG-rich LDL. TG 

in LDL undergoes hydrolysis by lipoprotein lipase, and 

becomes a smaller and denser LDL, which is more 

atherogenic than the lb-LDL.33 The main features of sd-

LDL are more atherogenic than lb-LDL; sd-LDL particles 

easily penetrate into the arterial wall and are more 

susceptible to oxidation due to a deficiency in vitamin 

E.34 Evidence has shown that sd-LDL particles are an 

independent risk factor for the development of CVD.4,5,35   

People with predominated sd-LDL particles have a 

3-fold increased risk for developing CVD independent of 

age, sex, and relative weight.4 Furthermore, LDL particle 

were positively correlated with plasma HDL-C levels and 

negatively correlated with plasma TG levels.36 

	 In the quail group, the volunteers showed signi-

ficantly decreased plasma TG and LDL-TG (Table 3). 

According to the sd-LDL generation, reduction in TG 

concentration in the VLDL particle leads to a decrease in 

the core lipid exchange between VLDL and LDL particles. 

In this experiment, LDL-TG concentration in the quail 

group was significantly decreased at the end of the study 

(24.8±6.1 vs 18.1±6.8 mg/dl at baseline and 30-day quail 

egg consumption, respectively). The sd-LDL generation 

also decreased. From our result, the sd-LDL-C concen-

tration of the quail group trend to decline, not significantly 
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decreased (Figure 2). The sd-LDL-C in the hen group was 

also calculated. After 30 days of hen egg consumption, 

the sd-LDL-C levels did not significantly change. The 

reduction of sd-LDL after 3 hen eggs consumption per 

day for 12 weeks was reported by Mutungi et al. and 

Blesso et al.15,37 However, all participants followed a 

carbohydrate-restricted diet during 12 weeks, and 

showed a decrease in plasma TG and sd-LDL which 

modified the CVD risk factor. Carbohydrate-restriction 

modified lipoprotein metabolism by reducing plasma TG, 

VLDL-TG and sd-LDL,38 and sd-LDL levels correlated 

with plasma TG.4 In this study, volunteers were not 

restricted the carbohydrate diet, there was no change 

in plasma TG as well as sd-LDL at the end of study.   

	 The important beginning mechanism for CVD is 

LDL oxidation. LDL particles are oxidized by reactive 

oxygen species within the arterial wall in order to become 

ox-LDL. The ox-LDL is not recognized by the LDL receptor, 

but it increases binding to the scavenger receptor on 

macrophage, leading to the development of lipid laden 

macrophage or foam cells.6 The method for the continuous 

monitoring of LDL oxidation is conjugated diene formation, 

in vitro. Using this method, the conjugated diene formation 

is monitored by an increase in absorbance at 234 mn. 

The LDL lag time is defined as LDL susceptibility to 

oxidation. Our results reveal that after a 30-day period of 

quail egg consumption, LDL lag time significantly increased 

(Figure 1). One mechanism that can be explained is the 

reduction of TG in LDL particles, which leads to a 

decrease in sd-LDL formation. The sd-LDL is more 

susceptible to oxidation than lb-LDL;34 thus, the reduction 

of sd-LDL causes the prolonged LDL lag time. In hen 

group, there was no change in LDL-oxidation after 

30 day of egg consumption. This finding is consistent 

with the prior study which 3 hen egg consumption per day 

did not increase the LDL oxidation. Because lutein and 

zeaxanthin are antioxidant enzyme and rich in egg, intake 

2-3 egg per day can increase the plasma lutein and 

zeaxanthin concentrations.  Due to the egg is a good source 

of lutein and zeaxanthin, then egg consumption can 

increase the plasma lutein and zeaxanthin which may 

protect the LDL-oxidation.

	 This is the preliminary study on the effect of 

quail egg consumption on lipoprotein profiles, sd-LDL and 

LDL-oxidation. Limitations of this study were the parti-

cipants in quail group was higher plasma TG than those 

in the hen group, and therefore may have benefited more 

from a plasma triglyceride reduction. The cholesterol 

intakes from hen group and quail group are not compa-

rable, therefore we were not able to compare the benefit 

of hen egg and quail egg consumption. Furthermore, the 

dietary intake did not record during the study, then it 

may vary in the nutrients. Further study is needed to 

address more participants to evaluate quail egg consump-

tion on the lipoprotein profiles, sd-LDL as well as LDL 

oxidation, and study in other populations, for example, 

the elderly people or population with some underlying 

diseases, such as diabetes or CVD. 

Conclusion
	 This study demonstrates that quail egg and hen 

egg consumptions for 30 days did not change the lipo-

protein profiles, sd-LDL as well as the LDL-oxidation, 

which not modified the CVD risk factor. It may be suggest 

that the quail egg is an alternative egg for healthy people. 
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