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Adlay (Coix lacryma-jobi L.) has long been cultivated in oriental countries as a cereal and medicinal 
crop. In this study, eight adlay varieties, most commonly cultivated in South Korea were selected and 
their seed phytonutrient contents were evaluated. The average total vitamin E content was 37.38 mg kg

-1
. 

Two major components of vitamin E were γ-tocopherol (14.76 mg kg
-1

) and γ-tocotrienol (14.18 mg kg
-1
), 

corresponding to 39.5 and 37.9% of the total vitamin E content, respectively. Tested varieties exhibited 
squalene content ranging from 31.23 to 55.00 mg kg

-1
, with an average of 41.24 mg kg

-1
. The contents of 

the phytosterols: Campesterol, stigmasterol, and β-sitosterol were 80.43, 131.1, and 313.38 mg kg
-1
, 

respectively. Of the six detected fatty acids, the major fatty acids were oleic (46.3%) and linoleic acids 
(37.4%). Seed squalene content exhibited high correlationship with phytosterols, but not with 
tocopherols. Among the tested varieties, variety Yulmu 1 showed a relatively higher proportion of 
phytonutrients, suggesting its potential as a gene source for further breeding. 
 
Key words: Adlay, vitamin E, phytosterols, squalene, fatty acids. 

 
 
INTRODUCTION 
 
Adlay (Coix lacryma-jobi L), also called soft-shelled Job’s 
tears or Chinese pearl barley) is an annual grass crop 
that has long been used as a traditional medicine and a 
nourishing food in oriental countries. It is widely cultivated 
in China, Taiwan, Japan, Thailand and Korea. Adlay 
seeds have been used to treat warts, chapped skin, 
rheumatism and neuralgia, and it is an anti-inflammatory 
and anthelmintic agent (Hsu et al., 2003). Modern 
medical research has revealed anti-proliferative, 
anticancer (Chang et al., 2003; Lee et al., 2008) and anti-
allergic (Hsu et al., 2003) activities in adlay seeds. Adlay 
seeds were found to suppress early events in colon 
carcinogenesis (Shih at al., 2004), beneficial to 
cardiovascular and intestinal health (Wang et al., 2011) 
and have blood lipid-reducing and antioxidant effects (Yu 
et al., 2011). In addition, a number of benzoxazinones in 
adlay  seed s exhibit anti-inflammatory activity (Nagao et  
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al., 1985; Huang et al., 2009), and the extracts of adlay 
seeds are effective against viral infections (Hidaka et al., 
1992), and can be used as therapeutic and functional 
food for obesity patients (Ha et al., 2010). It also have 
hypolipidemic (Kim et al., 2004) and antimutagenic 
effects. 

Adlay has also been cultivated as a cereal crop and 
may contain various nutraceutical compounds such as 
vitamin E, phytosterols and squalene (Park et al., 2004; 
Wu et al., 2007). Vitamin E, consisting of α-, β-, γ- and δ-
tocopherols and the corresponding tocotrienols (α-, β-, γ- 
and δ-tocotrienols), is a group of lipid soluble compounds. 
Tocopherols have been well documented as natural 
antioxidants, and among the four isomers, α-tocopherol is 
the most biologically active form (Ohkatsu et al., 2001). 
However, α-tocotrienol has more than three times the 
efficiency as a scavenger of peroxyl radicals (Packer, 
1995) compared to α-tocopherol. Tocotrienols (T3) exhibit 
additional health-beneficial effects, such as antioxidative, 
antiproliferative (Choi and Lee, 2009), anticancer (Wada 
et al., 2005) and cholesterol-lowering effects. Although, 
vitamin E isomer content in adlay seeds has been studied  



 
 
 
 
(Park et al., 2004), only one variety had been selected 
and the variety name was not clearly identified. Similar to 
various cereal crops, the unsaponifiable fraction of adlay 
seeds may contain various beneficial compounds 
including squalene, a hydrocarbon used in cholesterol 
biosynthesis (Moreda et al., 2001) that may possess 
tumor proliferative and serum cholesterol-lowering effects 
(Khor and Chieng, 1997), and phytosterols, cholesterol-
like compounds with serum-cholesterol lowering effects 
(Marangoni and  Poli, 2010). A preventive effect on 
colon cancer development (Awad and Fink, 2000) and 
lung cancer protective effects have also been ascribed to 
adlay seeds (Mendilaharsu et al., 1998). Adlay seeds 
contain 7.0% lipids (Wu et al., 2007), which are 
composed of various fatty acids that influence human 
physiological and biochemical processes (Nageswari et 
al., 1999; Borsoleno and Galduroz, 2008). A diet rich in 
monounsaturated fatty acids, such as oleic acid, may 
decrease blood cholesterol levels (Hargrove et al., 2001) 
and improve HDL fluidity (Villa et al., 2002). Similarly, 
polyunsaturated fatty acids such as linoleic and linolenic 
acids may benefit the structure and function of membrane 
proteins, enzymes, and active transport molecules 
(Yaqoob, 2002). However, few details on the fatty acids 
in adlay seeds have been reported. This study focused 
on identifying the vitamin E, squalene and phytosterol 
contents, and fatty acid composition in seeds of the eight 
adlay varieties that are most widely cultivated in South 
Korea.  

 
 
MATERIALS AND METHODS 

 
Plant materials  

 
Eight varieties most popularly cultivated in South Korea were 
selected and cultivated in Yoncheon, South Korea, according to 
standard cultivation practice protocols provided by the Rural 
Development Administration of Korea. The unpolished seeds of 
each variety were ground and stored at 4°C under airtight 
conditions until analysis. 

 
 
Sample preparation for vitamin E, squalene and phytosterol 
analyses 

 
Samples for vitamin E and phytosterol analyses were prepared 
based on the method of Park et al. (2004) with some modifications. 
Powdered adlay samples (1.0 g) were placed in a 50 ml tube, and 
0.1 g ascorbic acid and 10 ml ethanol were added and shaken in a 
water bath at 80°C for 10 min. Then, 300 µl of 44% KOH was 
added and the mixture was shaken for saponification for 18 min 
under the same conditions. The tubes were cooled rapidly in an ice 
bucket; 10 ml n-hexane and 10 ml of distilled water were added, 
mixed, and centrifuged at 1900 x g for 10 min; and the upper 
hexane layer was collected. This process was repeated three times, 
and the collected hexane layer was washed three times with 10 ml 
distilled water and passed through anhydrous Na2SO4 to remove 
water, concentrated on a rotary evaporator, dissolved in 1 ml of 
isooctane, and filtered through a 0.45 µm nylon syringe filter. The 
solution was injected into a high performance liquid 
chromatography  (HPLC ) system  to analyze vitamin E content or  
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into a gas chromatography (GC) system for phytosterol and 
squalene analysis. 

 
 
Vitamin E analysis 

 
Eight vitamin E isomers (α-, β-, γ- and δ- tocopherols, and α-, β-, γ- 
and δ- tocotrienols) were quantified by HPLC (Sykam, S1101, 
Gilchingen, Germany) following Park et al. (2004).  HPLC was 
performed with a Supelcosil LC-Si (5 µm, 250 × 46 mm ID) column 
and a fluorescence detector with excitation and emission at 290 
and 330 nm, respectively. The mobile phase was isooctane: ethyl 
acetate: acetic acid: 2,2,-dimethoxy propane = 98.5: 0.7: 0.7: 0.1, 
and the flow rate was 1.5 ml min

-1
. The injection volume was 20 µl, 

and the peaks were identified by comparison to the retention times 
of authentic standards.  
 
 
Squalene and phytosterol analysis  

 
Squalene, campesterol, stigmasterol and β-sitosterol contents were 
determined by GC (Varian 3800, Palo Alto, CA, USA). This analysis 
was performed with a capillary column (CP-SIL 8CB, 30 × 0.25 mm, 
0.4 µm film thickness) with the injector and flame ionization detector 
temperatures set at 290°C. The injection volume was 1 µl with a 
split ratio of 1:20 and a constant column flow (1.0 ml min

-1
) of 

helium gas. The oven temperature was initially set at 220°C for 2 
min, increased to 290°C by 5°C min

-1
, held for 14 min, and then 

increased to 310°C at a rate of 10°C min
-1

. Squalene and 
phytosterol peaks were identified by comparison to the retention 
time of authentic standard peaks. 

 
 
Sample preparation for fatty acid composition 

 
Samples for fatty acid composition analysis were prepared 
according to Kim et al. (2000). Powdered samples (0.5 g) were 
mixed with 680 µl of a methylation mixture (MeOH: benzene: 2,2-
dimethoxypropane: H2SO4 = 39: 20: 5: 2) and 400 µl of heptane. 
After vigorous mixing, the solution was heated for 2 h at 80°C in a 
water bath and cooled to room temperature. The heptane layer was 
collected by centrifugation and was injected into the GC for fatty 
acid composition analysis. 

 
 
Fatty acid composition analysis  

 
Fatty acid composition was analyzed according to Kim et al. (2000) 
using a capillary column (CP-SIL 88 CB FAME, 50 × 0.25 mm, 0.2 
µm film thickness; Supelco, Bellefonte, PA, USA). The injector and 
detector temperature was 210°C, with He as the carrier gas. 
Injection volume was 1 µl with a split ratio of 1:50 on constant 
column flow (1.0 ml min

-1
). Oven temperature was initially set at 

110°C for 5 min, increased to 210°C at 5°C min
-1

,
 
and held for 40 

min. A mixture of 37 FAME standards (Supelco) was used to 
identify the peaks.  

 
 
Standard solution preparation  

 
Eight vitamin E isomers were prepared by dissolving them 
separately in iso-octane to prepare 1000 ppm stock solutions. Later, 
they were mixed and diluted to different concentrations. Similarly, 
squalene and phytosterol standards were dissolved in chloroform to 
prepare different concentrations. A mixture of 37 FAME standards 
was  diluted  to the desired concentration with methylene chloride. 
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Figure 1. High performance liquid chromatogram showing vitamin E isomers (A) and gas 
chromatogram showing squalene and phytosterols (B) in adlay seeds. Peak identification, 1: α-
tocopherol, 2: α-tocotrienol, 3: β-tocopherol, 4: γ-tocopherol, 5: γ- tocotrienol, 6: δ- tocopherol, 7: 
δ- tocotrienol, 8: squalene, 9: campesterol, 10: stigmasterol and 11: β-sitosterol. 

 
 
 
Chemicals and reagents 

 
Vitamin E standards (tocopherols: α-T, β-T, γ-T and δ-T; and 
tocotrienols: α-T3, β-T3, γ-T3 and δ-T3) were obtained from Merck 
(Darmstadt, Germany). Authentic standards for squalene, 
stigmasterol, β-sitosterol, and campesterol were purchased from 
Sigma-Aldrich (St. Louis, MO, USA), and 37 FAME from Supleco 
(USA). Ascorbic acid and anhydrous sodium sulfate were obtained 
from Samchun (Seoul, Republic of Korea) and potassium hydroxide 
was purchased from Dae Jung (Seoul, Republic of Korea). All 
solvents and chemicals used were of HPLC grade. 
 
 
Data analysis 

 
Means of three independent sample replications were used and 
statistical analyses were performed with Duncan’s multiple range 
test using SPSS version 18 (SPSS, Inc., Chicago, IL, USA) at a 

significance level of 0.05. 

 
 
RESULTS AND DISCUSSION 
 
Vitamin E content  
 
Seven isomers of vitamin E (four tocopherols and three 
tocotrienols) were detected under our experimental 
conditions (Figure 1A). In all tested adlay varieties, the 
dominant vitamin E isomers were γ-tocopherol (14.76 mg 
kg

-1
) and γ-tocotrienol (14.18 mg kg

-1
), representing 39.5 

and 37.9% of the total, respectively (Table 1). Total 
tocopherol contents varied from 15.20 (variety, 
Sanggang)  to  23.30 mg kg

-1
 (variety Yulmu 1) with an
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Table 1. Tocopherol and tocotrienol contents in adlay seeds (mg kg
-1

). 
 

Variety  
Tocopherol (T) 

    
Tocotrienol (T3) 

Total vitamin E 

α-T β-T γ-T δ-T Total T α-T3 γ-T3 δ-T3 Total T3 

Aewon  1.76
a
* 1.13

cd
 15.95

ab
 2.14

ab
 20.98

ab
 

 
2.20

a
 11.72

a
 1.50

a
 15.42

a
 36.40

ab
 

Daechong  1.96
a
 1.32

d
 13.17

ab
 1.68

ab
 18.14

ab
 

 
1.47

a
 14.37

a
 1.79

a
 17.63

ab
 35.77

ab
 

Johyun 1.64
a
 1.05

c
 13.29

ab
 2.08

ab
 18.07

ab
 

 
1.76

a
 10.34

a
 1.55

a
 13.65

a
 31.72

a
 

Kimjejong  1.83
a
 0.74

a
 15.38

ab
 1.69

ab
 19.64

ab
 

 
2.36

a
 15.20

a
 1.47

a
 19.02

ab
 38.66

ab
 

Pungseongyulmu  1.71
a
 1.39

d
 15.45

ab
 1.97

ab
 20.52

ab
 

 
2.15

a
 14.40

a
 1.77

a
 18.32

ab
 38.84

ab
 

Sanggang  1.66
a
 0.93

abc
 11.20

a
 1.42

a
 15.20

a
 

 
1.52

a
 13.43

a
 1.78

a
 16.73

a
 31.93

a
 

Suwon 3 1.65
a
 0.97

abc
 15.66

ab
 1.81

ab
 20.09

ab
 

 
2.52

a
 14.12

a
 1.73

a
 18.37

ab
 38.46

ab
 

Yulmu 1 2.05
a
 0.81

ab
 17.98

b
 2.46

b
 23.30

b
 

 
1.93

a
 19.87

b
 2.16

b
 23.96

b
 47.25

b
 

Average 1.78 1.04 14.76 1.91 19.49 
 

1.99 14.18 1.72 17.89 37.38 

 

*Values are mean of three replications. Means followed by different letters within a column are significantly different from each other at p < 0.05 by Duncan’s multiple range test. 
 
 
 
 

average of 19.49 mg kg
-1

. This present study 
shows similar results in terms of total tocopherol 
contents as studied earlier (18.0 mg kg

-1
) by Lee 

et al. (2008). Total tocotrienol contents varied 
from from 13.65 (variety Johyun) to 23.96 mg kg

-1
 

(variety Yulmu 1) with an average of 17.89 mg kg
-

1
. Total vitamin E content varied from 31.72 (var. 

Johyun) to 47.25 mg kg
-1
 (variety, Yulmu 1) with 

an average of 37.38 mg kg
-1
, similar to Wu et al. 

(2007) finding of 36.4 to 51.9 mg kg
-1
 total vitamin 

E content in polished adlay seeds. The presence 
of the highest vitamin E content in variety, Yulmu 
1, suggested its potential use as a gene source 
for breeding. 
 
 

Squalene content  
 

Squalene content in the eight tested adlay seeds  

ranged from 31.23 (var. Kimjejong) to 55.00 mg 
kg

-1
 (var. Yulmu 1) (Table 2), and the average 

squalene content was 41.24 mg kg
-1
. Similar 

results were reported by Wu et al. (2007), who 
found 41.0 to 61.2 mg kg

-1
 squalene in polished 

adlay seeds collected from four different countries. 
This present study shows a relatively higher 
squalene content compared to that in barley (2.8 ), 
buckwheat (24.8 ), maize (22.0), and spelt (26.8 
mg kg

-1
) (Ryan et al., 2007). Our results reveal 

that adlay seeds can be used as an alternative 
source of cereal in terms of squalene content. 
 
 

Phytosterol content  
 

We analyzed three phytosterols and squalene by 
GC (Figure 1B). The average contents of 
campesterol, stigmasterol and  β-sitosterol were 

80.43, 131.07 and 313.38 mg kg
-1

, respectively 
(Table 2). Total phytosterol contents in the tested 
varieties ranged from 457.06 (var. Johyun) to 
626.89 mg kg

-1
 (var. Yulmu 1) with an average of 

524.88 mg kg
-1

. Wu et al. (2007) also reported 
similar levels for campesterol (58 to 106 mg kg

-1
) 

and β-sitosterol (232 to 638 mg kg
-1

) contents in 
polished adlay seeds, whereas stigmasterol 
content (53.4 to 88.8 mg kg

-1
) was much lower 

than our findings (106.93 to 62.73 mg kg
-1

), which 
may be due to genetic differences. Compared to 
other cereals, such as oats at 447 (Piironen et al., 
2002), sorghum at 500 (Singh et al., 2003), barley 
at 525, and maize at 452.0 mg kg

-1 
(Ryan et al., 

2007), adlay seeds contained higher total 
phytosterols (524.88 mg kg

-1
). Thus, adlay seeds 

could be better in terms of phytosterol intake than 
other grains.
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Table 2. Squalene and phytosterol contents in adlay seeds (mg kg
-1

). 
 

Variety Squalene Campesterol Stigmasterol β-Sitosterol Total phytosterol 

Aewon  43.73
ab

* 79.56
ab

 130.20
ab

 305.96
abc

 515.72
abc

 

Daechong  42.47
ab

 83.83
ab

 131.80
ab

 315.40
abc

 531.03
abc

 

Johyun 31.33
a
 72.53

a
 120.80

ab
 263.73

a
 457.06

a
 

Kimjejong  31.23
a
 70.73

a
 106.93

a
 284.76

ab
 462.42

a
 

Pungseongyulmu  45.83
ab

 92.73
b
 143.23

bc
 361.66

bc
 597.62

bc
 

Sanggang  43.60
ab

 81.17
ab

 138.76
bc

 306.33
abc

 526.26
abc

 

Suwon 3 36.70
a
 75.03

ab
 114.13

ab
 292.96

ab
 482.12

ab
 

Yulmu 1 55.00
b
 87.86

ab
 162.73

c
 376.23

c
 626.82

bc
 

Average 41.24 80.43 131.1 313.38 524.88 
 

*Values are mean of three replications. Means followed by different letters within a column are significantly different to each other at p < 
0.05 by Duncan’s multiple range test. 

 
 
 

Table 3. Fatty acid composition of adlay seeds (%). 
 

Variety 
Palmitic Stearic Oleic Linoleic Linolenic Arachidic 

(C16:0) (C18:0) (C18:1) (C18:2) (C18:3) (C20:0) 

Aewon  13.3
a
* 1.8

a
 49.3

c
 34.7

a
 0.7

a
 0.3

a
 

Daechong  13.4
a
 2.1

abc
 47.9

c
 35.7

b
 0.6

a
 0.3

a
 

Johyun 13.6
a
 2.4

c
 45.3

ab
 37.9

cd
 0.5

a
 0.3

a
 

Kimjejong  13.7
a
 2.0

ab
 46.1

b
 37.5

cd
 0.6

a
 0.2

a
 

Pungseongyulmu  12.8
a
 2.3

bc
 43.8

a
 40.3

e
 0.8

a
 0.1

a
 

Sanggang  12.9
a
 2.3

bc
 45.8

b
 38.1

d
 0.7

a
 0.3

a
 

Suwon 3 13.2
a
 1.9

ab
 46.0

b
 38.0

cd
 0.6

a
 0.3

a
 

Yulmu 1 13.4
a
 2.1

abc
 46.4

b
 37.2

c
 0.7

a
 0.2

a
 

Average 13.4 2.1 46.3 37.4 0.6 0.3 
 

*Values are mean of three replications. Means followed by different letters within a column are significantly different to each other at p 
< 0.05 by Duncan’s multiple range test. 

 
 
 

Fatty acid composition 
 
Among the 37 tested fatty acids, six were detected under 
our experimental conditions (Table 3). Palmitic (C16:0), 
oleic (C18:1n9c) and linoleic (C18:2n6c) acids were the 
major fatty acids, accounting for more than 90% of the 
total fatty acids, whereas stearic, linolenic and arachidic 
acids were found in lesser amounts. The major saturated 
fatty acid was palmitic acid, which varied from 12.8 to 
13.7% with an average of 13.4%, showing no statistically 
significant difference among the eight tested varieties. 
The two major unsaturated fatty acids were oleic and 
linoleic acids, which ranged from 43.8 to 49.3% and from 
34.7 to 40.3% with averages of 46.3 and 37.4%, 
respectively. Similar fatty acid compositions were found 
in Australian oats by Zhou et al. (1998), who reported 
39.8% oleic and 37.5% linoleic acid content. The 
presence of high amounts of monounsaturated (oleic 
acid) and polyunsaturated fatty acids (linoleic and 
linolenic acids) in adlay suggested its health beneficial 
effects, as these fatty acids may decrease blood 
cholesterol levels (Hargrove et al., 2001) and improve 

HDL fluidity (Villa et al., 2002). Our results suggest that 
adlay seeds could be an alternative source of food oil 
based on the large quantities of monounsaturated and 
polyunsaturated fatty acids. 
 
 
Correlationship among seed phytonutrient contents   
 
Statistical correlationships among detected 
phytonutrients: 7 vitamin E isomers, squalene, 3 
phytosterols and 6 fatty acids were tested. Squalene 
content exhibited highly positive correlationships with 
campesterol (r = 0.853**), stigmasterol (r = 0.873**) and 
β-sitosterol (r = 0.779**), while relatively low 
correlationship with vitamin E isomers were observed 
(Table 4). Such observations may result from the fact that 
phytosterols are produced by using the squalene as a 
preceeding material for their synthesis (Piironen et al., 
2000), and consequently the correlationship between 
squalene and 3 tested phytosterols were higher 
compared to the relationship between squalene and 
tocopherols.  Among  the  seven  vitamin  E isomers  
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Table 4. Correlationships among phytonutrients in adlay seeds: vitamin E isomers, squalene and phytosterols. 

 
α-Tocopherol β-Tocopherol γ-Tocopherol δ-Tocopherol α-Tocotrienol γ-Tocotrienol δ-Tocotrienol Squalene Campesterol Stigmasterol β-sitosterol 

α-Tocopherol 1 -0.141 0.038 -0.139 -0.398 0.161 -0.07 0.421* 0.461* 0.498* 0.601* 

β-Tocopherol 
 

1 0.226 0.285 0.250 0.006 0.212 0.004 0.232 -0.018 0.165 

γ-Tocopherol 
  

1 0.814* 0.791* 0.760** 0.536* 0.125 0.079 0.059 0.411* 

δ-Tocopherol 
   

1 0.661** 0.524** 0.537** 0.182 0.082 0.102 0.250 

α-Tocotrienol 
    

1 0.498* 0.37 -0.247 -0.246 -0.385 -0.038 

γ-Tocotrienol 
     

1 0.812** 0.317 0.215 0.292 0.556** 

δ-Tocotrienol 
      

1 0.297 0.223 0.329 0.426* 

Squalene 
       

1 0.853** 0.873** 0.779** 

Campesterol 
        

1 0.865** 0.871** 

Stigmasterol 
         

1 0.833** 

β-sitosterol 
          

1 
  

*, **: Significant at p < 0.05 and p < 0.01, respectively.  
 
 
 

analyzed, γ-tocopherol content showed higher 
positive correlationhips with other vitamin E 
isomers except for α- and β-tocopherol. In the 
case of 6 observed fatty acids, no correlationships 
could be observed with 7 vitamin E isomers, 
squalene and 3 phytosterols (data not shown), 
which may due to no close relationship in 
biosynthetic pathways between fatty acid and 
vitamin E nor phytosterols.      
 
 
Conclusion 
 
This study shows that adlay seeds are a rich 
source of phytonutrients, justifying the dietary food 
status of adlay in oriental countries. Among the 
eight tested vitamin E isomers, γ-tocopherol and 
γ-tocotrienol were the major forms of vitamin E, 
and β-sitosterol was the major phytosterol in all 
tested varieties. The major fatty acids were 
palmitic (C16:0), oleic (C18:1n9c) and linoleic 
(C18:2n6c) acids, and the presence of a higher 
composition of unsaturated fatty acids indicated 

the high potential of adlay seeds for promoting 
human health. Squalene content showed highly 
correlationships with phytosterols while it showed 
low correlationships with vitamin E isomers. 
Among the tested varieties, Yulmu 1 was the best 
variety in terms of nutraceutical compounds, with 
relatively high vitamin E, squalene and phytosterol 
contents. Thus, Yulmu 1 could be useful as a 
gene source for breeding a more nutrient-enriched 
variety of adlay. 
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