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ABSTRACT

Background: Adlay (Coix lacryma-jobi L. var. ma-yuen Stapf.) is an important medicinal and cereal crop that contains high levels
of protein, fatty acids and crude fiber, as well as calcium, phosphorus, zinc, minerals, and essential amino acids. Despite its eco-
nomic significance, little is known about biological activity in adlay sprouts. This study investigated the total free sugar, polyphenol
and flavonoid content, and antioxidative activity in adlay sprouts at different growth stages.

Methods and Results: The total free sugar and coixol content of germinated adlay sprouts were analyzed by high performance liquid
chromatography. The total phenolic content was measured by the Folin and Denis, and flavonoid content by the Davis method. Anti-
oxidative activity was tested by the 2,2-diphenyl-1-picryl hydrazyl method. All measured component, including total phenolic and
coixol content (2.71 & 0.02 mg/g and 59.70 + 0.01 mg/g), and antioxidant capacity (ICso; 453.93 1g/ml) were highest in 3 day old adlay
sprouts. In contrast, total free sugar and flavonoid content (3.02% and 0.60 + 0.02 mg/g) were highest in sprouts at 5 days after sowing.
In addition, there was a strong positive correlation between antioxidative activity and total polyphenol content (r = 0.902, p <0.001).
Conclusions: Adlay sprouts between 3 days and 5 days following germination contain high levels of functional components and

free sugar. This study therefore suggests that adlay sprouts can be developed as a valuable health-promoting food and a good source
of natural antioxidants.
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Al FeAE Fg & FUS WO E wkEsle] 50
ml S EE3ATE o] T 50 m o] FEES 045 um syringe

filter (Millipore, Bedford, MA, USA)Z A7l AEE
HPLC systems (Alliance 2695, Waters, Milford, MA, USA)
o7 B3It ZH-2 Shodex NH2P-50 (4.6 mm x 150 mm,
Showa Denko, Tokyo, Japan), #Z7|= ELSD (Waters
2420 ELSD, Waters, Milford, MA, USA)E A}&-3l5]om,

o] 5L 75% acetonitrile, 52 1.5 ml/min, ASFYH
10 (oldty, EFEAZ = glucose, fructose, sucrose =

maltose (Sigma-Aldrich Co., St. Louis, MO, USA)E A}l&

3. & Eul=s ¥ & FR0|c =M

Z Z¥¥s & 242 Folin and Denis (1912)9] =
< HIAA A 2F AEE 02 o] S/ 0.8 me
9} Folin-Ciocalteau's phenol reagent 0.1 mé & 713} A2
A3 #2F wESAIATE 3710l 3} Na,CO; £ 0.2 ml 3}

TRF 18 M E 7lsle] EFsia

s} HEEd

A2l 1 AIZE REGAIR

ol

R4

~J
[\S}
i
=

=

=2
>
i
ok
k1
il
i
oX,

catechins

e

S Davis (1947)9] WS HPAA
FZ% 02 mlo] 1N NaOH 02 més}

Lo A 1 A7

e Rl
sl olehs
diethylene glycol 2 S F7}5le] 37C &24%
AR - 420 oA FREE St REedEe
naringing ©]-&3lA oM FFHAES AT & 7 AR F

e olE FFS Foith

=

4. DPPH 2lit|d s 58
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5. ABTS radical 2s &4
2,2'-azinobis-(3-ethylbenzothiazoline-6-sulphonate) (ABTS)
radicalS ©]&3 kel 24L& Re 5 (1999)9] WOz &4
=Stk 7mM ABTS €93} 2.45mM potassium persulpate
S 112 EFete] 30T HalelA 12 AlZF o) W]
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(Kodo Technical Research Co., Ltd., Hwaseong, Korea)°l|A]
23 3 oA 30 2 B9 vortexing 3ITE ©] F 60TCe]l
A1 AIZE B9 FE3 T 12,000 rpmellA 15 2F 4lEE
slo] A AEAS Eodth o] WhHE 2 3] RhEse] o
7 FZE 1 mbS 02 um syringe filter (Nalgene, Rochester,
NY, USA)Z ojZste] EAAIER ARt AEAS 9
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Coixol®] H#EAS Agilent 1100 Series HPLC (Agilent
Technologies, Palo Alto, CA, USA)S o|&3s}9 o &4 =
AL vt Aok dddel A" Z2H2 YMC ODS-AM
(4.6 nm x250 nm, 5 gm, YMC Co., Ltd., Kyoto, Japan)©|™
Z2HewE 25T, 458 1.0 mé/min, UV Z#Z7]1E 290 nm
ggoz HAHSAY. olFFLEZE acetonitrile®} 0.1%
phosphoric acid (25: 75, viv)& AMSIGL 7127] gel=4
(gradient system)2 ©]-&-3}o] 43T}
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SAIEAE SAS T2 (ver. 9.1; SAS Institute Inc.,
Cary, NC, USA)S ]88l 2t 49 Bt =dx=
M=E3HAL, p < 0.05 5914 Duncan's Multiple Range Test
(DMRT)Z fre|Ade sl on Jadis
JBAIT (Pearson’s correlation coefficient)S
84S FE718Hdh
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ol ol wE &5 (Coix lacryma-jobi L. var. ma-yuen
Stapf12e] A8-E54 WHel= Fig 13 2k 95 5 1 Aol
A 2 A A Foll Aol FobEl o 3 UxHFE 5 A}
7] Gzt fale] 2ol FA3HA olFo Rt o] & 7 Y
ZHTE] 9 AAPER] Bl HHEZ] AlEsiTE S AR
Aol 2K wet 283 ATl FEleHl F7kekith
3 dape] A AAIFES Zbzb 21.62+1.66 mm 3 2245+
4038 mg ¢l ¥ 9 Azt E= ZHzb 165.46+9.01 mm <
498.01 £64.73 mgo 2 Bel=lo] gL oF g uj, HAFS oF
2 v} 7HF Z7HE S & AUTE 53] Gxot Gilel &
sl 3 dafe} 5 Lx} AlolollA] Zo] (21.62+ 1.66 mm —
7048 £4.56 mm)e} FI]A7F (224.5+4038 mg — 412.04+
4843 mg)e] wASHAl o] FAK T (Table 1). °l= Hifre] A
Aro] Azt QRloE olFEo] T LS FETe

=4 245 AAF] Z7H8 JoR wetEnh ABeR A

WS Bel, v, 9% 5L TP theel ARl
= 3 ol 6 Y Aplol 1%, S, S 9 Sl 5o

7S] 7P Edbsial o] Al7)o f8AdEe
go] TuEe= Aoz dux At (Kim, 2013;
2015; Park et al., 2015; Lee et al., 2018).

Hopel o] mE &7 AAe] fEld o Wishe Fig. 29
Table 29} 2t} &% AR F frEld TS 2.02% -
3.02% Atelell Rxs o 5 A3 Aol 3.02%= 7HE =
2 e Bk ol & 5 A F fEld FEel T
7Fsict o1% Fadle 7AeS BT} Glucosed) fructosed]
ke 747t 5 DA} (2.72+0.04%)9F 7 D=F (0.39+0.01%)
A 7FF =92 ™ sucrose, maltose®] $HRe HlolAd<s=o] w}
2t A1 ztolE YERA] edTh. olelgh Ade Tk
A= ¥, 398, 9 5o FFAA Lo} o]F glucoses}
fructose®] o] F7ket Aol w9 FARIATH (Kim er
al., 2010; Kim et al., 2015). ©]¢} 722 f2|d =F Hsh=
ol Al g-amlyase 53 7S 4o EAo] Frigll weh
kgl o] H3= o] fructose B glucosed} 72 TEF=Z A
315191 7] wjitelzl detETh (Kim, 2008).
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Fig. 1. Adlay sprouts at different germination stages. A; representing initial radicle and epicotyl
emergence (after 3 days), B; representing emergence of the coleoptile (after 5 days), C; representin
epicotyl and coleoptile elongation (after 7 days), D; representing first leaf and root elongation an

differentiation (after 9 days).

Table 1. Growth characteristics of adlay sprouts during germination.

Growth duration Length of sprouts Length of leaf sheath Length of leaf blade Fresh weight
(days) (mm) (mm) (mm) (mg/ea)
3 21.62+1.66 9.87+0.42° 11.27+0.35¢ 224.50+40.38
5 70.48+4.56° 21.07+1.58° 48.24+2.69¢ 412.04+48.43°
7 122.21+7.85" 26.04+1.74% 97.92+3.92b 460.23+58.70%
9 165.46+9.017 29.45+2.49° 136.76+5.03" 498.01+64.73

Data represent the means = SD (n = 9). "Means separation within columns by Duncan’s Multiple Range Test (DMRT, p < 0.05).
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Fig. 2. HPLC chromatogram of free sugars from adlay sprouts. A); standard (fructose, glucose, sucrose
and maltose), B); germinated seeds for 3 days, C); germlnated seeds for 5 days, D); germinated
seeds for 7 days E); germinated seeds for 9 days.

Table 2. A free sugar contents of adlay sprouts at different growth stage.

Growth duration Free sugar contents (%)
(days) Glucose Fructose Sucrose Maltose Total
3 1.78+0.03" 0.18+0.01° 0.03+0.01? 0.03+0.01" 2.02°
5 2.72+0.042 0.24+0.00° 0.02+0.00P 0.04+0.012 3.022
7 2.33+0.01% 0.39+0.012 0.03+0.00° 0.04+0.01? 2.79%
9 2.11+0.03% 0.26+0.00" 0.03+0.00° 0.04+0.01% 2.44%

Data represent the means = SD (n = 9). "Means separation within columns by Duncan’s Multiple Range Test (DMRT, p < 0.05)

ke A¥s Btk & IthEol=l] e 7 AAH § 0 #2 YEille ZloE dEA itk 99 Aol ARl
7Vstet ol s 20w B9l Hth (Table 3). A ST fagel A%2l0l 71 Be FuL Holtht
b oz AEe GHIY ARFHACIRE XS e AT HEA 2 gEko] delxitkal BTt (Lee ef dl,
al7] flste] ohgst Ay ed s Aitele Zlew deix 2009).
QT 22, B, AA 5ol Aol Eelslat Eehrwe] A olsh Sl A%l AR} Aol we) Ee)
S @z g wiFo] S fE/ W FHo] Hid  simo] UE Bz Pil Tt A% AgHE Qo= %
(Wang et al., 2005; Vale et al, 2014; Ramakrishna e al., =it ZlH roles 2o} Falo] AlAsR= A7) §F
2017), & Q172) Aztel Ak Aoz SIHATE olakel Ao Algslo] Bejo] WAsE AHAR FHeo] Zvlekn
Az gTAe] Felslse Gash GAlo] A G olF YPFS FAShe 202 wol AN Y ol FF
e A7 3 LAl BAAEJTTE Aol I wek A Worh A4 ¥eS F5E ATk &, HEEYY] fE
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Fig. 3. Antioxidant activity of adlay sprouts at different growth stage. Vertical bar indicated
standard errors (n = 3). Different lower-case letter above each bar indicated that the means
were significantly different according to the Duncan’s Multiple Range Test (DMRT, p <

0.05).

Table 3. Total polyphenols and flavonoids content of adlay sprouts
according to growth duration.

Growth duration Total polyphenols Total flavonoids

(days) (mg/g, dry weight)  (mg/g, dry weight)
3 2.71+0.02? 0.55+0.02%
5 2.29+0.03" 0.47+0.01°
7 1.94+0.03¢ 0.60+0.02?
9 1.95+0.02" 0.48+0.02"

Data represent the means = SD (n = 9). "Means separation within
columns by Duncan’s Multiple Range Test (DMRT, p < 0.05).
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o] Mgtk AL 1T F ATt wepr] EHEd) E2
Hizo|=e} HE 754 Ao 3 wlolE yHgth &%
Ao A AL 3 - 5 Lol st AekE )
3. K32 aer vist

Aol weE RSO coixol T AI= Fig. 49+
Table 49} 72t} 59 coixol> F=2 o] EAjsl= AL
2 A Qo] A AEHE R EEste] A ¥l
stk

Ag.gro] 2(_]1 15,:% ] ArE 9/] coixol tﬂ—al:.(_l 0_/]0}71] 7L/\
she Aol AR 7P =S 3 LA (59.70+0.01 mg/g)et

7V 9o 9 AR} (17.76+0.05 mg/g) 7+ e oF 3 1) o]
& Zpol7t Wk, AsHtell EAskE coixol®] e A3t
9] A&o] AHDrE Flele A EOIEM 9 Uz}
o] Zashe AoE SRIFUT AF7HA] coixok> = &5
o] Malol| @o] FFEo] e FoR HIFHJoL B AT
Az 3 Az A% (59-70i0.01 mg/g)ell 71 wol FHrEe]
ASATE. HEje] A 7 d3b (1.87+0.01 mg/g) oA 7HE =
L SEkS HS 014_ 3 A} ARS] 1/30 o2 EA skt
(Table 4).

S50 84382 coixol alkaloids] HNUERE A 9
om 3}, st B el 2t e Zlow B
3 Tk (Xi et al., 2016). Aoz AEo] ojxpjAHE
o> AEA e MAER ZEHEERE] ARE Holsls =
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Az AHA ATk (Yu et al., 2018).
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Fig. 4. HPLC chromatogram of coixol from adlay sprouts. A); standard (coixol), B); germinated seeds for 3 days,
O); germinated seeds for 5 days, D); germinated seeds for 7 days, E); germinated seeds for 9 days.

Table 4. Coixol content adlay sprouts according to growth
duration.

Growth duration Coixol (mg/g, dry weight)

(days) Aerial parts Underground parts
3 59.70+0.01? 0.78+0.01°
5 27.29+0.08" 1.67+0.04%
7 34.00+0.01° 1.87+0.01?
9 17.76+0.05¢ 1.25=0.01%

Data represent the means = SD (n = 9). "Means separation within
columns by Duncan’s Multiple Range Test (DMRT, p < 0.05).
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g A5 AFAEEY FEE FARE 2IE Bl o]
= & Z2g¥E, & ZEExol=, ¥ coixold] $HEo] kst
aol|l FEFS A= FARAE FEe oz ATHEHS
o}, T8k 7120 A A coixoh 23] EolFel EFE 4
A Qo) B ArAs) eE Al o Bol grEo] 2l
At ol g A4S ] et EAMIESE EollA
o] F7HA]] A7 Qo Flo= HA)

SR ALk, fEY i, sl ddE, datksle
4 B AFAHEHE 52 2HT W HA Auidae 3 L
A 5 o] 7 A Ao AEUnt B AFe] Avks
7 AR 7154 AE H YokE Al E8el VIERAER
Asd T A& Aot

4. Shikolebdul JISEEZNe| Azl 24

Aol ksl G B EEjElE, £ ShEolE,
coixol ¥ F f2|9e] JHAAAE Holr 7] 95t Pearson’s
correlation coefficient 42 A3 e = A= Table
5¢} 7t} DPPH #HE &A% ABTS 22 &A% (r =
0.843, p < 0.001), ¥ Z]¥= (r = 0.902, p < 0.00)F
i=1]

2 coixol (r = 0.813, p < 00T} BT o] AAa
= Jehliith ABTS #8612 4£74%9 A33371= DPPH &+

X3
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Table 5. Pearson’s correlation coefficients among the 6 characters in adlay sprouts.

DPPH ABTS Total polyphenols  Total flavonoids Coixol Total free sugar
DPPH - 0.843" 0.902"" 0.098 0.813" 0.306
ABTS - 0.609" 0.492 0.769" 0.004
Total polyphenols - 0.010 0.798" -0.548"
Total flavonoids - 0.524" -0.092
Coixol - -0.614°

Total free sugar

" "Significant at the level of 0.05, 0.01 and 0.001 probability, respectively.

g4 2ASH fA A Bk F s e &
Eofr ol g AHEAZE JERA] 8o coixol &
Fa= ko] AAAA (r = 0798, p < 0.0 HIJTH =
Y g F ZgdE 3 r = -0.548, p < 0.05) &

coixol SFF (r = -0.614, p < 0.05)} E5F 22 AAAA7}
UE FoZ RIS
3“*5} e T2 Fdls B FEEE0lE 59 754
ShF s Aol e AoE IR Utk 2
ATAT A & sl & E9lEH coixold
SHE wig- s A=Y des & AT 2
% SoiRo|= Sk ksl SAdE dAlE 3] o
+ A0E Yt ol EEtEolE 3ighE HUp &
oz S TR B Aol wet it 249 xtolrt
ATHE Kim & (2012)2] A7 ZAzpe} XL Wb &
7 Aol Faksh 292 A BAES coixolt F EElvlE ¢
Zol 7IQ1eke Ao = H
2ol Tk okl Eelsls, Sehnieol=
S e e A7 el A A, o
7HA] ARl #AgE Ae mRleith B A Ay, 2 w)t
ﬁ_—’LQ;(] orols] 9-H }\H&U—O] 7]‘:‘/\-1 /\11}\ Hg/q /\Hiﬂ]

TS A T
N
=

T Aoz 7|tiEn

L
AT

=

E‘i

Sk 1
= =

0)lo. 7
A=
ARl =

HdATe 5%

.

SERCIECE
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g ATAR] (@AIE: PI013638022019)
Foizl A= ool TAI=HYTE

REFERENCES

An TJ, Kim YG, Hur M, Lee JH, Lee YJ, Cha SW and Oh
SK. (2015). Physicochemical treatment for the reduction of
Fusarium spp. infested in adlay(Coix lacryma-jobi L.) seeds.
Korean Journal Medicinal Crop Science. 23:460-467.

Chae KY and Hong JS. (2007). The quality characteristics of
Jeolpyon with different amounts of Job's tears flour. Korean
Journal of Food and Cookery Science. 23:770-776.

346

Choi MK, Chang MS, Eom SH, Min KS and Kang MH.
(2015). Physicochemical composition of buckwheat microgreens
grown under different light conditions. Journal of the Korean
Society of Food Science and Nutrition. 44:709-715.

Chung CP, Hsu CY, Lin JH, Kuo YH, Chiang W and Lin YL.
(2011). Antiproliferative lactams and spiroenone from adlay
bran in human breast cancer cell lines. Journal of Agricultural
and Food Chemistry. 59:1185-1194.

Davis WB. (1947). Determination of flavanones in citrus fruits.
Analytical Chemistry. 19:476-478.

Fahey JW, Zhang Y and Talalay P. (1997). Broccoli sprouts: An
exceptionally rich source of inducers of enzymes that protect
against chemical carcinogens. Proceedings of the National
Academy of Sciences. 94:10367-10372.

Han SH, Jang JK, Ma KH, Kim YJ, Kim SM, Lee HJ and
Hong CO. (2019). Selection of superior resources through
analysis of growth characteristics and physiological activity of
Schisandra chinensis collection. Korean Journal of Medicinal
Crop Science. 27:9-16.

Jang IB, Yu J, Suh SJ, Jang IB and Kwon KB. (2018). Growth
and ginsenoside content in different parts of ginseng sprouts
depending on harvest time. Korean Journal of Medicinal Crop
Science. 26:205-213.

Jothy SL, Zuraini Z and Sasidharan S. (2011). Phytochemicals
screening, DPPH free radical scavenging and xanthine oxidase
inhibitiory activities of Cassia fistula seeds extract. Journal of
Medicinal Plants Research. 5:1941-1947.

Khalil AW, Zeb A, Mahmood F, Tariq S, Khattak AB and
Shah H. (2007). Comparison of sprout quality characteristics of
desi and kabuli type chickpea cultivars(Cicer arietinum L.).
LWT-Food Science and Technology. 40:937-945.

Kim EJ, Choi JY, Yu MR, Kim MY, Lee SH and Lee BH.
(2012). Total polyphenols, total flavonoid contents, and
antioxidant activity of Korean natural and medicinal plants.
Korean Journal of Food Science and Technology. 44:337-342.

Kim HY, Hwang IG, Woo KS, Kim KH, Kim KJ, Lee CK, Lee
JS and Jeong HS. (2010). Chemical components changes of
winter cereal crops with germination. Journal of the Korean
Society of Food Science and Nutrition. 39:1700-1704.

Kim JK and Lee HS. (2000). Tyrosinase-inhibitory and radical
scavenging activities from the seeds of Coix lachryma-jobi L
var. ma-yuen[Roman.] Stapf. Korean Journal of Food Science
and Technology. 32:1409-1413.

Kim JY. (2008). Changes in chemical components of Korean



STAME] TIsd oA B

rough rice during germination. Master Thesis. Chungbuk
National University. p.33-38.

Kim MY, Lee SH, Jang GY, Park HJ, Yoon N, Lee YR, Lee
JS and Jeong HS. (2015). Effects of high hydrostatic pressure
treatment on the chemical composition of germinated rough
rice(Oryza sativar L.). Korean Journal of Food Science and
Technology. 47:198-203.

Kim YS. (2013). Bioactivity analysis of resveratrol from peanut
sprouts using on-line screening HPLC-ABTS. Journal of the
Korea Academia-Industrial Cooperation Society. 14:4100-4105.

Lee JE, Suh MH, Lee HG and Yang CB. (2002). Characteristics
of Job’s tear gruel by various mixing ratio, particle size and
soaking time of Job’s tear and rice flour. Korean Journal of
Food and Cookery Science. 18:193-199.

Lee MH, Kim DK, Park SJ, Lee D, Choi D, Choi BK, Kim
KM and Lee J. (2018). Effect of barley sprout(Hordeum
vulgare L.) water extracts on blood flow improvement in vitro.
Journal of the Korean Society of Food Science and Nutrition.
47:77-82.

Lee MY, Shin SR, Chang YD and Lee CH. (2009). Environment
factors for germination, growing and storage of sprout
vegetables of Coreopsis tinctoria Nutt., Saussurea pulchella
(Fisch.) Fisch. and Matricaria recurica L. Korean Journal of
Plant Resources. 22:136-144.

Paik JE and Chun HJ. (1989). A study on Ju-ak as affected by
adlay flour. Journal of the Korean Society of Food Science and
Nutrition. 23:19-25.

Park GS and Lee SJ. (1999). Effects of Job's tears powder and
green tea powder on the characteristics of quality of bread.
Journal of the Korean Society of Food Science and Nutrition.
28:1244-1250.

Park JJ, Yang HJ, Han KJ and Lim JH. (2015). Comparison of
the microbial and nutritional quality characteristics in radish
sprouts by purchasing time. Korean Journal of Food Preservation.
22:232-240.

Park SM, Choi YM, Kim YW, Ham HM, Jeong HS and Lee
JS. (2011). Antioxidant content and activity in methanolic
extracts from colored barley. Journal of the Korean Society of
Food Science and Nutrition. 40:1043-1047.

Ramakrishna R, Sarkar D, Manduri A, Iyer SG and Shetty K.
(2017). Improving phenolic bioactive-linked anti-hyperglycemic
functions of dark germinated barley sprouts(Hordeum vulgare
L.) using seed elicitation strategy. Journal of Food Science and
Technology. 54:3666-3678.

Re R, Pellegrini N, Proteggente A, Pannaia A and Yang M and
Rice-Evans C. (1999). Antioxidant activity applying an
improved ABTS radical cation decolorization assay. Free Radical
Biology and Medicine. 26:1231-1237.

Sato K and Osawa T. (2010). Dietary supplementation with pearl

347

barley(Adlay, Coix lacryma-jobi L. var Ma-yuen Stapf) extract
increases oxidation resistance in the liver of rats ex vivo. Food
Science and Technology Research. 16:613-616.

Shi W, Wang Y, Li J, Zhang H and Ding L. (2007).
Investigation of ginsenosides in different parts and ages of
Panax ginseng. Food Chemistry. 102:664-668.

Shin GH, Lee YJ, Kim JH, Kim YH, Kim DB, Lee JS, Lim
JH and Lee OH. (2014). Antioxidant activities of commonly
used Brassica spp. sprout vegetables in Korea. Korean Journal
of Food Preservation. 21:587-592.

Shin S, Chang Y, Jeon A and Lee C. (2009). Effect of different
greening periods on antioxidant activities of sprout vegetables
of Coreopsis tinctoria Nutt. and Saussurea pulchella(Fisch.)
Fisch. Korean Journal of Horticultural Science and Technology.
27:503-510.

Vale AP, Cidade H, Pinto M and Oliveira MBP. (2014). Effect
of sprouting and light cycle on antioxidant activity of Brassica
oleracea varieties. Food Chemistry. 165:379-387.

Wang KH, Lai YH, Chang JC, Ko TF, Shyu SL and Chiou
RYY. (2005). Germination of peanut kernels to enhance
resveratrol biosynthesis and prepare sprouts as a functional
vegetable. Journal of Agricultural and Food Chemistry. 53:242-
246.

Wang L, Sun J, Yi Q, Wang X and Ju X. (2012). Protective
effect of polyphenols extract of adlay(Coix lachryma-jobi L.
var. ma-yuen Stapf) on hypercholesterolemia-induced oxidative
stress in rats. Molecules. 17:8886-8897.

Xi XJ, Zhu YG, Tong YP, Yang XL, Tang NN, Ma SM, Li S
and Cheng Z. (2016). Assessment of the genetic diversity of
different Job's tears(Coix lacryma-jobi L.) accessions and the
active composition and anticancer effect of its seed oil. PloS
one. 11(4):¢0153269. https://journals.plos.org/plosone/article?id=
10.1371/journal.pone.0153269 (cited by 2019 July 5).

Yoon WB, Kim BY and Shin DH. (1997). Viscosity and dynamic
rheological properties of Job's-tears as a function of moisture
content. Korean Journal of Food Science and Technology.
29:932-938.

Yu J, Suh SJ, Jang 1B, Jang IB, Moon JW, Kwon KB and Lee
SW. (2018). Influence of sodium concentrations on growth,
physiological disorder symptoms, and bed soil chemical
properties of 2-year-old ginseng. Korean Journal of Medicinal
Crop Science. 26:240-247.

Zhang MC, Ma XP, Xu WEF, Tian T and Jia XS. (2010).
Determination of coixol in root, testa and stem of Coix
lacryma-jobi L. var. ma-yuen(Roman.) Stapf by HPLC. Medicinal
Plant. 1:95-97.

Zhang P, Meng X, Tang X, Ren L and Liang J. (2019). The
effect of a coix seed oil injection on cancer pain relief.
Supportive Care in Cancer. 27:461-465.



	생육시기 별 새싹율무의 유리당, 기능성 성분 및 항산화활성 변화
	ABSTRACT
	서언
	재료 및 방법
	결과 및 고찰
	REFERENCES


