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Human serum contains many different antioxidants which may be important in the maintenance of antioxidant 
status. β-carotene and lycopene are carotenoids with potent antioxidant activity.  Carotenoids intake probably 
protects against cancers and may affect the risk of several chronic conditions.  α-tocopherol is well known for its 
function as antioxidant and in reduction of heart disease and cancer risk.  We aimed to establish baseline values 
for serum β-carotene, lycopene and α-tocopherol concentrations in healthy northeast Thais.  Fasting serum β-
carotene, lycopene and α-tocopherol levels from 294 subjects aged 23-75 years old in northeast Thailand were 
determined by high performance liquid chromatography (HPLC).  The mean serum β-carotene, lycopene and α-
tocopherol levels were 0.53 ± 0.32 µmol/L, 0.57 ± 0.37 µmol/L, and 26.64 ± 14.85 µmol/L respectively.  Serum 
β-carotene and lycopene levels in females (N = 118) were significantly higher than the value for males (N = 176), 
ie 0.60 ± 0.31 µmol/L versus 0.48 ± 0.32 µmol/L (p = 0.002) for β-carotene and 0.74 ± 0.38 µmol/L versus 0.46 
± 0.33 µmol/L (p<0.001) for lycopene whereas α-tocopherol level in males (28.60 ± 14.34 µmol/L) was signifi-
cantly higher than in females (23.72 ± 15.16 µmol/L) (p = 0.006).  β-carotene level was positively correlated 
with α-tocopherol (r = 0.22, p<0.001) and lycopene levels (r = 0.63, p <0.001).  The results from this study give 
the baseline data of serum β-carotene, lycopene and α-tocopherol levels in healthy northeast Thai population and 
also suggest future study on the relationship of dietary intake. 
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Introduction  
β-carotene, lycopene and α-tocopherol are micronutrient 
antioxidants that play important role in regulation the 
metabolic reactions in the body.  Optimal status of these 
micronutrients is an essential requirement in any popula-
tion because of their inverse relationship with the devel-
opment of numerous types of cancers and cardiovascular 
disease.1  β-carotene and lycopene intake probably protects 
against cancers and may affect the risk of several chronic 
conditions. Higher blood lycopene level is associated with 
lower prostate cancer risk.2  α-tocopherol level is inversely 
related with mortality from ischaemic heart disease.3, 4  β-
carotene and α-tocopherol exhibited synergistic coopera-
tive effects scavenging reactive nitrogen species.5  The 
cooperative interaction between β-carotene and α-
tocopherol was also examined in a membrane.6  Micronu-
trient antioxidant status may vary among populations.7  
Dietary habits may be one of factors affecting these micro-
nutrient status of different populations.7  It was reported 
that dietary patterns in northeast Thailand are characterized 
by high grain and vegetable but low fat intake.8 Endemic 
illnesses in northeast Thailand include renal stones, liver 
fluke Opisthorchis viverrini infection, cholangiocarcinoma 
and liver cancer may be from the characteristic eating 
habits of the northeast Thais.9  Impaired micronutrient 

status has been observed in some diseases including protein 
calorie malnutrition.10  For correction these deficiency, 
reference ranges of these micronutrients obtained from the 
healthy population living in the same area should be used 
to define these thresholds. The aim of this study, therefore, 
was to establish baseline data for serum concentrations of 
β-carotene, lycopene and α-tocopherol in healthy northeast 
Thais for use in comparisons with other control populations, 
for interpretating values in different clinical conditions, and 
for application in diet and in health and disease epidemiol-
ogical studies. 

 
Materials and methods 
Subjects 
Two hundred and ninety four apparently healthy northeast 
Thais, with age range between 23 and 75 years, whom 
yearly checked up their health at Faculty of Associated 
Medical Sciences, Khon Kaen University were enrolled in 
this study.   
 
Corresponding Author: Dr. Patcharee Boonsiri, Department of Bio-
chemistry, Faculty of Medicine, Khon Kaen University, Khon Kaen, 
Thailand 40002  
Tel: 66 43 348386; Fax: 66 43 348386  
Email:  patcha_b@kku.ac.th 



                                            P Boonsiri, J Pooart, R Tangrassameeprasert and P Hongsprabhas                                        48 

They were members of an urban population with no dis-
ease history, mostly residing in Khon Kaen, with only a 
few residing in Mahasarakham, Loei and Nakhonratcha-
sima.  Fasting blood samples were collected during the 
year 2002 and 2003.  Their plasma glucose, serum uric 
acid, lipid profile (triglyceride, total cholesterol, low-
density lipoprotein-cholesterol; LDL-C, high-density 
lipoprotein-cholesterol; HDL-C), liver function enzymes 
(aspartate aminotransferase, alanine aminotransferase and 
alkaline phosphatase), kidney function parameters (blood 
urea nitrogen and creatinine) (Table 1) and urinary analy-
sis were within the normal ranges.  The stool examination 
revealed no parasites found.   
 
Blood specimen collections  
Two-milliliter blood samples were collected in the morn-
ing by venipuncture from fasting subjects for β-carotene, 
lycopene and α-tocopherol analysis.  Serum samples were 
obtained from the spontaneous coagulation of blood. The 
blood was then centrifuged at 2,500 rpm at 4°C for 10 
min to obtain the serum.  Hemolyzed samples were ex-
cluded.  The serum was stored at -20°C until analyzed. 
 
Ethics  
The Ethics Committee, Faculty of Medicine, Khon Kaen 
University, approved the study protocols and informed 
consent was given by the participants (HE470904). 
 
β-carotene, lycopene and α-tocopherol determination  
β-carotene, lycopene and α-tocopherol are fat-soluble 
compounds.  They were extracted from serum samples 
and measured by reverse-phase high performance liquid 
chromatography (HPLC) and a spectrophotometric detec-
tor using a modification of the Thurnham method.11  
Samples were protected from photodegradation by extrac-
tion under dimmed natural lighting, excluding direct sun 
and fluorescent light all times. One hundred microliters of 
serum sample was mixed with 200 µL of 0.1 µmol/L so-
dium dodesyl sulfate (SDS) reagent for 1 min in a glass 
tube (10 x 0.75 cm).  Next 200 µL of ethanol contained 
42 µmol/L of tocopherol acetate (as internal standard) 
was added to the sample.  One milliliter of n-heptane con-
tained 0.5 g of butylated hydroxytoluene (BHT) per liter 

was then added, mixed vigorously for 2.5 min and centri-
fuged at 5,000 rpm for 10 min at 20°C to separate the 
organic from the aqueous phase.  A 700-µL layer of hep-
tane was transferred to a glass tube and evaporated under 
nitrogen at 40°C.  The residue was reconstituted with 250 
µL of freshly prepared mobile phase. The mobile phase 
consisted of 4:4:1 of acetonitrile, methanol and dichloro-
methane.  This was filtered under a vacuum pump using 
2-µm filter paper (Cat. No. 3400, Sartorius, Germany).  
BHT (0.01 g) was added to the mobile phase and de-
gassed by sonication for 30 min. The HPLC column (C18 
ODS-2 Spherisorb column, diameter 5 µm, 100 x 4.6 mm, 
Waters) was equilibrated with the mobile phase for 5 col-
umn volume. Then a 20 µL of sample was injected into 
the column using a Rheodyne injector (model 7125, 
Rheodyne) at a flow rate of 1 mL/min by an isocratic 
pump (model 501, Waters).  Standard β-carotene, (Cat. 
No. C-4582), lycopene (Cat. No. L-9879) and α-
tocopherol (Cat. No. T-3251) were purchased from Sigma 
Chem. Co. (St. Louis, MO).  UV detector (model 
Lambda-Max 481, Waters) was set at wavelength 450 nm 
and 292 nm for detecting carotenoids (β-carotene and 
lycopene) and α-tocopherol respectively.  All samples 
were analyzed in duplicate.  The area under the main 
peaks was calculated quantitatively using an integrator 
(model 746 Data Module, Waters). 
 
Statistical analysis  
The data was analyzed with SPSS Version 10.0 (SPSS 
Inc., Chicago, IL).  Data were presented as means ± SD.  
Differences in mean values between two groups were 
evaluated using Student’s t test.  Statistical significance 
was considered at p < 0.05. 
 
Results 
The total number of samples collected was 294, from ap-
parently healthy persons between 23 and 75 years of age.  
This study group comprised 176 (59.9%) males and 118 
(40.1%) females, living in 4 provinces of northeast Thai-
land (viz. Khon Kaen, Mahasarakham, Loei and Nakhon-
ratchasima).  Weight was normally distributed in these 
study groups.  The background information of the studied 
population are presented in Table 1. 

Table 1. Background information of the studied population.  
 

Male (N = 176) Female (N = 118) Characteristics 
Median (95% CI) Median (95% CI) 

p-value 

Age (year) 46 (44.77 -47.03) 44 (42.41-44.64) 0.003 
Weight (kg) 64 (62.32-65.90) 53 (54.61-59.20) <0.001 
Glucose (mg/dL) 91 (89.38-92.27) 86 (85.36-88.55) 0.001 
Blood urea nitrogen (mg/dL) 12 (11.49-12.35) 10 (10.22-11.27) 0.001 
Creatinine (mg/dL) 1.10 (1.03-1.09) 0.80 (0.79-0.85) <0.001 
Uric acid (mg/dL) 5.80 (5.48-5.89) 4.00 (3.99-4.46) <0.001 
Total cholesterol (mg/dL) 117 (169-175) 172 (68-175) 0.755 
High-density lipoprotein-cholesterol (mg/dL) 42 (43.35-46.69) 45 (46.62-51.28) 0.002 
Low-density lipoprotein-cholesterol (mg/dL) 108 (98.80-106.17) 105 (100.01-107.12) 0.662 
Triglycerides (mg/dL) 107 (104.73-118.87) 81 (78.11-93.12) <0.001 
Alanine aminotransferase (unit/L) 23 (21.16-23.77) 17 (16.37-18.99) <0.001 
Aspartate aminotransferase (unit/L) 24 (23.67-25.26) 22 (21.31-22.94) <0.001 
Alkaline phosphatase (unit/L)  73 (72.75-79.25) 65 (64.85-73.53) 0.014 
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Analysis of quality control materials for the concentra-
tions of β-carotene, lycopene and α-tocopherol were per-
formed repeatedly to obtain between run and within run 
coefficients of variation (CVs).  The between run CVs 
were 5.5, 4.6, 6.2% and within run CVs were 2.7, 3.3, 
3.2% for β-carotene, lycopene and α-tocopherol respec-
tively.  Percent recovery was performed on serum sam-
ples spiked with known concentrations of each micronu-
trient.  The mean percent recoveries of β-carotene, lyco-
pene and α-tocopherol were 95, 90, 96% respectively. 

In this study, the subjects were divided into 2 groups 
according to their age.  Group 1 was 20 - 45 and group 2 
was 46 – 75 years of age.  The concentration of serum β-
carotene, lycopene and α-tocopherol among these north-
east Thais at various age ranges were summarized in Ta-
ble 2.  The mean levels of serum β-carotene, lycopene and 
α-tocopherol of the total population were 0.53 ± 0.32 
µmol/L (95% CI = 0.49 – 0.56 µmol/L), 0.57 ± 0.37 
µmol/L (95% CI = 0.53 – 0.62 µmol/L) and 26.64 ± 14.85 
µmol/L (95% CI = 24.94 – 28.35 µmol/L) respectively.  
β-carotene and lycopene concentrations of serum in males 
were significantly lower than those in females (p = 0.002 
and p<0.001 respectively), whereas serum α-tocopherol 
concentrations in males were significantly higher than 
those in females (p = 0.006). 

In both age groups, β-carotene concentration in males 
were similar to females (p = 0.108 and p = 0.100 for 
group 1 and 2 respectively) whereas serum lycopene con-
centration in females were significantly higher than males 
for all age range (p<0.001).  α-tocopherol level in males 
were higher than in females in both groups (p = 0.048 and 
p = 0.035 in group 1 and 2 respectively).  No statistically 
difference for the effect of age on these serum micronutri-

ent antioxidants was found between group 1 and 2.  Re-
gardless of gender of the subjects, we obtained high cor-
relation coefficient between β-carotene and lycopene (r = 
0.63, p<0.001).  β-carotene and α-tocopherol was also 
significantly positively correlated with each other (r = 
0.22, p<0.001). 
 
Discussion 
Carotenoids and α-tocopherol are among the most widely 
studied compounds in various populations, for both serum 
concentrations and dietary intake.  The present study is a 
biochemical study and did not include dietary surveys.  
The free-living, apparently healthy subjects in this study 
were presumed to have ordinary eating habits.  The levels 
of the compounds determined (Table 1 and 2) reflect se-
rum concentrations before the enrolment of subjects under 
habitual dietary intakes in each province.  Serum carote-
noids may be considered as biomarkers of fruit and vege-
table intake.12  Local fruits and vegetables, such as papaya, 
mango, pumpkin and tomato are the main source of caro-
tenoids in presenting specific carotenoid profiles.  Refer-
ence ranges for β-carotene, lycopene and α-tocopherol 
have been obtained for different apparently healthy popu-
lations including American13, European14, Arabian15, Chi-
nese16, Japanese17, and Vietnamese18 (Table 3) using re-
verse phase HPLC technique.  A great variability is evi-
dent in these serum micronutrient antioxidants from vari-
ous populations.  However, serum β-carotene, lycopene 
and α-tocopherol of the healthy northeast Thais fall within 
the ranges of these countries.   

In many studies of serum carotenoids and fat-soluble 
vitamin levels, subjects were established according to sex. 
The present study demonstrates significant higher serum 

Table 2. β-carotene, lycopene and α-tocopherol levels in males and females at various age ranges. 
 

Mean±SD (95% CI)  µmol/L Groupa 
 Total (N=294) Male (N=176) Female (N=118) p-value* 

β-carotene 
Group 1 0.54±0.30 

(0.50-0.59) 
0.51±0.30 
(0.44-0.57) 

0.58±0.29 
(0.52-0.65) 

0.108 

Group 2 
 

0.51±0.34 
(0.45-0.57) 

0.46±0.34  
(0.39-0.53) 

0.63±0.33 
(0.52-0.74) 

0.100 

Both groups 0.53±0.32 
(0.49-0.56) 

0.48±0.32 
(0.44-0.53) 

0.60±0.31 
(0.54-0.65) 

0.002 

p-value**  0.367 0.303 0.425  
Lycopene 
Group 1 0.59±0.35 

(0.54-0.64) 
0.47±0.27 
(0.41-0.52) 

0.73±0.37 
(0.64-0.81) 

<0.001 

Group 2 0.55±0.40 
(0.48-0.62) 

0.46±0.35  
(0.38-0.54) 

0.77±0.39 
(0.64-0.90) 

<0.001 

Both groups 0.57±0.37 
(0.53-0.62) 

0.46±0.33 
(0.42-0.51) 

0.74±0.38 
(0.67-0.81) 

<0.001 

p -value**  0.368 0.941 0.569  
α-tocopherol 
Group 1 26.79±14.84 

(24.53-29.05) 
28.97±13.92 
(26.01-31.94) 

24.45±15.51 
(21.02-27.89) 

0.048 

Group 2 26.44±14.91 
(23.82-29.07) 

28.24±14.81 
(25.12-31.36) 

22.13±14.44 
(17.32-26.94) 

0.035 

Both groups 26.64±14.85 
(24.94-28.35) 

28.60±14.34 
(26.47-30.74) 

23.72±15.16 
(20.96-26.49) 

0.006 

p -value**  0.842 0.736 0.441  
 

M = males, F = females, y = years.  * = p value between males and females; ** = p value between group 1 and group 2.  aGroup 1 consisted 
of 87M/81F with age range 20 – 45 y and group 2 consisted of 89M/37F with age range 46 – 75 y 
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levels of both β-carotene and lycopene in females than in 
males.  This is in agreement with data reported earlier13-15, 

17, 19 that females generally have higher concentrations of 
many carotenoids, including α-carotene and β-carotene 
but this relationship was also not observed consistently 
with lycopene.13  The difference between the gender may 
be due to quantitative and qualitative differences in their 
intake which may be related to energy intake, absorption 
and metabolism.  Hormonal changes during the menstrual 
cycle have been shown to affect carotenoid serum levels 
in females.20  It was reported that consumption of alco-
holic beverages in males was inversely associated with 
blood concentration of β-carotene21, 22; an inverse associa-
tion with alcohol was also observed in some studies of 
lycopene.23   

With regard to α-tocopherol, the mean values observed 
in all populations fall within a narrower range than for β-
carotene and lycopene.  Significant difference in serum α-
tocopherol levels was observed between gender (p = 
0.006).  Males seemed to retain a higher level of α-
tocopherol compared to females in all age ranges (group 1 
p = 0.048, group 2 p = 0.035)  which is agreed with Abi-
aka et al15 but contrasts with some studies.14, 17, 19  The 
possible explanation may be due to the amount of α-
tocopherol consumed which is positively associated with 
plasma concentration of α-tocopherol13 and low fat-intake 
in northeast Thais8 may limit the absorption of fat-soluble 
vitamins. 

Serum β-carotene and lycopene concentrations were 
not different  between age groups suggesting that carote-
noid isomer distribution in human serum is peculiar to 
each carotenoid as described in other population with 
different dietary patterns.24, 25  However, several studies 
suggest that lycopene levels are inversely associated with 
age.13, 26  The high correlation coefficients between β-
carotene and lycopene (r = 0.63, p<0.001) was obtained.  

A similar correlation between β-carotene and lycopene 
has been described by Ascherio et al.13  β-carotene and α-
tocopherol also showed significantly positively correlated 
with each other (r = 0.22, p<0.001).  This may be due to 
their simultaneous occurence in several vegetables and 
fruits.   

Consideration variations in serum β-carotene and α-
tocopherol levels were found among 3 regions in Thai-
land: Bangkok27, Ban-Fang and Chonnabot districts in 
Khon Kaen province19 and the 4 provinces in northeast 
Thailand (this study).  Similar to our study, Olmedilla et 
al14 reported wide variability of serum carotenoids be-
tween northern and southern Europe.  This finding sug-
gests the northeast Thais consumed qualitatively and 
quantitatively more fruit and vegetables than those in 
Bangkok. 
 
Conclusion 
The baseline data of serum β-carotene, lycopene and α-
tocopherol obtained in this study is the informative on the 
physiological ranges achievable under habitual dietary 
conditions in healthy northeast Thais, aged 23 - 75 years, 
because the subjects were assessed as consuming diets 
typical of northeast Thailand.  The data indicate the gen-
der difference in these micronutrients.  No concentration 
difference of these micronutrients between the age groups 
(20 - 45, 46 – 75 years) was found.  As the northeast 
Thais rely on their characteristic food, further research is 
needed to determine the extent to which other environ-
mental, dietary factors and pathological factors may play 
a role in serum levels of these micronutrients in northeast 
Thais. 
 
Acknowledgements 
This research was supported by a Research Grant from Khon 
Kaen University.  The authors wish to thank the Faculty of As-

Table 3. Mean or median β-carotene, lycopene and α-tocopherol concentrations (µmol/L) in plasma13 or serum14-19, 27 
in different populations 
 

β-carotene lycopene α-tocopherol Country (Ref) a 
M F M F M F 

USA13 
121M/186F (45 – 65 y) 

0.46 0.58 0.82 0.76 27.1 26.2 

European countriesb 14 
175M/174F (25 – 45 y) 

0.40 0.47 0.30 0.29 26.10 26.75 

Arab 15 
159M/101F (18 - 63 y) 

0.29 0.88 0.71 1.31 21.30 17.30 

Japanc 17 
618M/1196F (7 - 86 y) 

0.35 0.64 0.68 0.50 23.00 24.10 

China16 
570 M (45 – 64 y) 

0.17 - - - 19.97 - 

Vietnamd 18 
111M/185F (40 – 59 y) 

0.19 0.28 - - 13.00 12.54 

Thailandc (Bangkok) 27 
14M/58F (20 – 60 y) 

- - - - 18.73 18.53 

Thailand (Khon Kaen)e 19 
254M/296F (30 – 93 y) 

0.61 0.70 - - 24.84  25.07 

This study (northeast Thailand) 
176M/118F (23 – 75 y) 

0.48 0.60 0.46 0.74 28.60 23.72 

 

a = Population studied is described by sex (M = male, F = female) and age range (y = years).  b = Population studied: France (38M/37F), 
Northern Ireland (32M/33F), Republic of Ireland (40M/33F), The Netherlands (33M/39F) and Spain (32M/32F). c = values reported in 
median. d = Vietnamese populations with medium income. e = Population studied: Ban-Fang and Chonnabot districts in Khon Kaen prov-
ince 
 



51                                                              Serum micronutrient antioxidant status 

sociated Medical Sciences, Khon Kaen University, for providing 
serum samples. 
 
References 
1. Machlin LJ. Critical assessment of the epidemiological 

data concerning the impact of antioxidant nutrients on can-
cer and cardiovascular disease. Crit Rev Food Sci Nutr 
1995;35:41-50. 

2. Giovannucci E. A review of epidemiologic studies of to-
matoes, lycopene, and prostate cancer. Exp Biol Med 
(Maywood) 2002;227:852-859. 

3. Rimm EB, Stampfer MJ, Ascherio A, Giovannucci E, 
Colditz GA, Willett WC. Vitamin E consumption and the 
risk of coronary heart disease in men. N Engl J Med 
1993;328:1450-1456. 

4. Stampfer MJ, Hennekens CH, Manson JE, Colditz GA, 
Rosner B, Willett WC. Vitamin E consumption and the 
risk of coronary disease in women. N Engl J Med 
1993;328:1444-1449. 

5. Bohm F, Edge R, McGarvey DJ, Truscott TG. Beta-
carotene with vitamins E and C offers synergistic cell pro-
tection against NOx. FEBS Lett 1998;436:387-389. 

6. Palozza P, Krinsky NI. beta-Carotene and alpha-
tocopherol are synergistic antioxidants. Arch Biochem 
Biophys 1992;297:184-187. 

7. Gey KF, Brubacher GB, Stahelin HB. Plasma levels of 
antioxidant vitamins in relation to ischemic heart disease 
and cancer. Am J Clin Nutr 1987;45:1368-1377. 

8. Sriboonlue P, Prasongwatana V, Suwantrai S, Bovornpa-
dungkitti S, Tungsanga K, Tosukhowong P. Potassium 
contents of northeastern Thai foods. J Med Assoc Thai 
1998;81:616-626. 

9. Sriamporn S, Parkin DM, Pisani P, Vatanasapt V, Suwan-
rungruang K, Kamsa-ard P, Pengsaa P, Kritpetcharat O, 
Pipitgool V, Vatanasapt P.  A prospective study of diet, 
lifestyle, and genetic factors and the risk of cancer in Khon 
Kaen Province, northeast Thailand: description of the co-
hort. Asian Pac J Cancer Prev 2005;6:295-303. 

10. Becker K, Leichsenring M, Gana L, Bremer HJ, Schirmer 
RH. Glutathione and association antioxidant systems in 
protein energy malnutrition: results of a study in Nigeria. 
Free Radic Biol Med 1995;18:257-263. 

11. Thurnham DI, Smith E, Flora PS. Concurrent liquid-
chromatographic assay of retinol, alpha-tocopherol, beta-
carotene, alpha-carotene, lycopene, and beta-cryptoxanthin 
in plasma, with tocopherol acetate as internal standard. 
Clin Chem 1988;34:377-381. 

12. Thurnham DI, Northrop-Clewes CA, Chopra M. Bio-
markers of vegetable and fruit intakes. Am J Clin Nutr 
1998;68:756-758. 

13. Ascherio A, Stampfer MJ, Colditz GA, Rimm EB, Litin L, 
Willett WC. Correlations of vitamin A and E intakes with 
the plasma concentrations of carotenoids and tocopherols 
among American men and women. J Nutr 1992;122:1792-
1801. 

14. Olmedilla B, Granado F, Southon S, Wright AJ, Blanco I, 
Gil-Martinez E, Berg H, Corridan B, Roussel AM, Chopra 
M, Thurnham DI. Serum concentrations of carotenoids and 
vitamins A, E, and C in control subjects from five Euro-
pean countries. Br J Nutr 2001;85:227-238. 

 
 
 
 
 
 

15. Abiaka C, Olusi S, Simbeye A. Serum concentrations of 
micronutrient antioxidants in an adult Arab population. 
Asia Pac J Clin Nutr 2002;11:22-27. 

16. Yuan JM, Ross RK, Gao YT, Qu YH, Chu XD, Yu MC. 
Prediagnostic levels of serum micronutrients in relation to 
risk of gastric cancer in Shanghai, China. Cancer Epide-
miol Biomarkers Prev 2004;13:1772-1780. 

17. Ito Y, Ochiai J, Sasaki R, Suzuki S, Kusuhara Y, Morimi-
tsu Y, Otani M, Aoki K. Serum concentrations of carote-
noids, retinol, and alpha-tocopherol in healthy persons de-
termined by high-performance liquid chromatography. 
Clin Chim Acta 1990;194:131-144. 

18. Kieu NT, Yurie K, Hung NT, Yamamoto S, Chuyen NV. 
Simultaneous analysis of retinol, beta-carotene and toco-
pherol levels in serum of Vietnamese populations with dif-
ferent incomes. Asia Pac J Clin Nutr 2002;11:92-97. 

19. Sripanidkulchai B, Vaikrutta S, Sriamporn S, Vatanasapt P, 
Sripanidkulchai K, Sirisangtrakul W. Serum antioxidant 
vitamin levels of people in Khon Kaen, northeastern Thai-
land. Asian Pac J Cancer Prev 2003;4:147-152. 

20. Forman MR, Beecher GR, Muesing R, Lanza E, Olson B, 
Campbell WS, McAdam P, Raymond E, Schulman JD, 
Graubard BI. The fluctuation of plasma carotenoid concen-
trations by phase of the menstrual cycle: a controlled diet 
study. Am J Clin Nutr 1996;64:559-565. 

21. Fukao A, Tsubono Y, Kawamura M, Ido T, Akazawa N, 
Tsuji I, Komatsu S, Minami Y, Hisamichi S. The inde-
pendent association of smoking and drinking with serum 
beta-carotene levels among males in Miyagi, Japan. Int J 
Epidemiol 1996;25:300-306. 

22. Stryker WS, Kaplan LA, Stein EA, Stampfer MJ, Sober A, 
Willett WC. The relation of diet, cigarette smoking, and 
alcohol consumption to plasma beta-carotene and alpha-
tocopherol levels. Am J Epidemiol 1988;127:283-296. 

23. Forman MR, Beecher GR, Lanza E, Reichman ME, 
Graubard BI, Campbell WS, Marr T, Yong LC, Judd JT, 
Taylor PR. Effect of alcohol consumption on plasma caro-
tenoid concentrations in premenopausal women: a con-
trolled dietary study. Am J Clin Nutr 1995;62:131-135. 

24. Stahl W, Sundquist AR, Hanusch M, Schwarz W, Sies H. 
Separation of beta-carotene and lycopene geometrical iso-
mers in biological samples. Clin Chem 1993;39:810-814. 

25. You CS, Parker RS, Goodman KJ, Swanson JE, Corso TN. 
Evidence of cis-trans isomerization of 9-cis-beta-carotene 
during absorption in humans. Am J Clin Nutr 
1996;64:177-183. 

26. Brady WE, Mares-Perlman JA, Bowen P, Stacewicz-
Sapuntzakis M. Human serum carotenoid concentrations 
are related to physiologic and lifestyle factors. J Nutr 
1996;126:129-137. 

27. Viroonudomphol D, Pongpaew P, Tungtrongchitr R, 
Changbumrung S, Tungtrongchitr A, Phonrat B, Vudhivai 
N, Schelp FP. The relationships between anthropometric 
measurements, serum vitamin A and E concentrations and 
lipid profiles in overweight and obese subjects. Asia Pac J 
Clin Nutr 2003;12:73-79. 

 
 




