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(¥ g7) Sustainable utilization of an ethnobotanical plant,
Chinopodium sp.
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Cultivation and ecophysiological characteristics of
Chenopodium sp., an ethnobotanical species (2)
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Abstract

The objective of this study is to evaluate the growing season, planting spacing,
and the effects of light, water, and nutrient on growth and productivity of Djulis. We
also preserve seeds of various Djulis varieties for genetic conservation purposes.
Results showed that in the density of 25 cm spacing, it took only 85~95 days for
grains to be harvestable if seeds were sawn in September, i.e. the fall crops, but it
would need about 130 days if planted in December, i.e. the winter crops. Grain yields
of single stem, however, weighted similarly to be 20~24 g in both crops. If planted in
March and May, the spring crops, then it could be harvested in 100~105 days but
grains yields were only 9 g and 1.2 g, respectively, which were significantly less than
those fall and winter crops. Wider planting spacing would increase the grain yield per
stem but decrease the productivity per area. For example, grains per stem in planting
space of 15, 25, and 35 cm weighted 12, 21, and 30 g, but produced 510, 340, and 240
Kg per 0.1 ha, respectively. Being a shade-intolerant species, Djulis grows best under
full sun light. When growing under 10% and 24% full light, grain yields were only
3% and 14% comparing to productivity under full light. Djulis is also a drought
tolerant species. The grain yield of Djulis being irrigated every two weeks showed no
significant differences with those being irrigated every two days. Fertilization did not
increase the grain yield as well, indicating that Djulis does not need extra fertilizers.
We had collected and preserved seeds of 120 high productivity varieties to stock a
Djulis seed bank for genetic conservation purposes. In Pai-Wan tribe of Pingtung area,
they normally saw Djulis seeds in January and harvest in May. This traditional
planting season is typically dry, low-temperature, short-day, mostly sunny, and less
disease, which is very favorable for the growth and seed set of Djulis. In December 7,
2007, we held a walk-shop at National Pingtung University of Science and
Technology to introduce the cultivation and food application of Djulis, in order to

promote the sustainable utility of this ethnobotanical plant.
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Abstract

In this project, o- and B-amylase were isolated from three races of quonia and
charactered their activity. Three races of quonia seeds were generated 4 hours and
used 40%~70% (NH4),SO4 to purified a- and B-amylase.The optimal activity
temperature of o~ and B-amylase was 37°C, and the activity decreased dramatically
when incublated at 50°C. o~ and B-amylase purified from three races of quonia of
exhibited a maximal activity at pH 6.0. Yellow race o- amylase contains highly pH
resistance than that of other two races. The pH resistant activity of B-amylase in three
races show no differentment We found Mg*" inhibited the activity of a-amylase
significantly, and EDTA stimulated o- amylase activity. Ca*’, Mg®" and EDTA
inhibited the activity of -amylase, but there is no significant differentment between

three kinds treatments.

Key words: Quinoa, Sugar, Amylase
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Abstract

Dijulis, full of color, is an aboriginal cereal plant in Taiwan. Besides high content
of protein and starch, they also possess higher dietary fiber than most of the cereals.
On the other hand, it has been used for inflammation and insect repellant, which was
believed to be attributed to its antioxidant capacity. Pigment is an important index of
color and source of antioxidant capacity. The aim of this study is to elucidate the
effect of different varieties (red and yellow) and harvest seasons (summer and winter)
on general nutrition components, antioxidant composition (pigments and polyphenols
content) and antioxidant capacity (DPPH, FRAP, FICA) of Djulis. The best condition
of making Djulis beverage is also established by Taguchi method. Results showed that
all samples possessed high amount of protein, starch and dietary fiber. Winter samples
or yellow variety exhibited much more dietary fiber, crude protein, amino acid, Se
and Zn than summer or red variety samples. However, winter samples or red vareity
exhibited higher antioxidant capacity, pigments and polyphenols content than that
from summer or yellow samples. After dehulled or storage, general nutrients changed
a little, while pigments, polyphenols content and antioxidant capacity decreased
obviously. Statistic analysis revealed that reducing power is highly correlated with
Ausgo and total phenol content, while DPPH scavenging activity is highly correlated
with Asso. It suggested that reducing power of Djulis mainly come from polyphenol or
betaxanthin, while DPPH scavenging ability come from betacyanin. Further LC
analysis confirmed that the major antioxidant composition was mainly soluble in
water or methanol. As to the Djulis beverage making, it’s best to add 0.1% citric acid
and 9% sucrose. Pigment (A4go and Asso) decreased after pasteurization and storage
and significantly correlated with antioxidant capacity, polyphenol and browning index.
It indicated the close relationship between antioxidant capacity and color in Djulis
beverage.

Key words: Djulis, antioxidant , betanin, polyphenol, sustainable utilization.

44



RNl

[

!

f?\f%(Ghenopodium spp.) £ #’E’T@#’J’ (%7 Djulis » FUE SR S A B9
RS W gt R .i R R AR RS N EGE T R 4 2 R
pUNE L SRR STIRE X Gl Eh. VR S R 'E‘},—filﬁ#&ﬂ
e RS - wa‘wuﬂgm R A E) SRR SR
HEHH -2 A= PR FY S 1L fﬂﬁﬂj% O EEES Bh $  feeE
ki "N *%F[F £l l/\%@;»ﬁ FLsrj [Ep’ Elsu A S (R
E'Lﬂf%*ﬁ“? T‘ﬂﬂ*ﬁ%%é@i N LR E‘i’? Ve T~ PR P
in'?J'ﬁ% CERES NN i LNk ‘J%ﬂﬁlf‘f (IO P ~ w8
PR ”'%m SR PERL SHRFET N Y T BRI b T
Rl %f%}ﬂf’??ﬁ“ﬁ%’ﬂf@ﬁlﬂ\ el o E ?:T%fJ FHFoREH Ry 55 FE Pyl i %
L% o RTRIE SR BT FOE SRR L E G - 3k
12k (Betanin) > F’JF,“‘T <13k 3“@%%][%[‘?]35'5% %7]4’? TSR
ISR SIS - [ R B BT S  S5E e
pH @ﬂ% D ORGSR AR > P lmrﬁc u%\ T £ @L e Sy ’fﬂﬁﬂﬁ”ﬂ
G+ TR I P B SRR [ B A -

e %ﬂf%ﬁu éww@l 10 SRR ARl - AL 5
“ AT ~ 15'{! ﬂ@‘b“‘” > {E lﬂﬂf yﬂﬁyﬁ WF&FF[![*E'E%%Q? [ % )
7 IFI= &7~ e JEHEE AL S RISV R S R
fiesi f““JJi"’fi%f—‘fﬁlr%fé‘[\iﬁ}fr’?’ A AR R [ ] SO 57 B
P9 > ARy Tﬂﬁ'”?ff VP - R 5 - [fkﬁif’ffﬁ}\* HIH]
LR R c‘mfﬁwﬁ 5 BIOR] VAR T < S
T PR TRIR R, (5[ S 7 BIOR (DAS)S | UU[IF&R(DA) ~ F '*JD*%(DS)E%EH'“T%@‘JQ
f@]ﬁ%]’@(BAS-S)‘V %FF# ) i@% % F*"['J'J‘?‘ 4°C* 25C E\*ﬁ'ﬁ]ﬁjl’[ﬁ'FJ EHA IV
TR o L T Y pH LY SR R OB PR
=g VYR

45



TR
(- USR]

BRIV 5 BT IV I R A5 P SRR 1 ¢
(=) HEw

LTIl ) SRR RS S A
2E fﬂ T PERCRFORYRR [ - UM S I AERE - LR
S S RIS PR RS 0T GRS

2. DI ] ~ SRR [ 15 4
ECNRNEELR ﬁﬁ$%’ﬂiﬁ*ﬁﬁfﬂh‘ﬁiw%@‘%m‘
BB SR 0+ SRR A o 1) ] R
i -

3. i AR R
FIPIEIE 1 pD IR ~ PR AR Tty o TR W R AL (S

HIMISIN Fﬁj 220 iR R ',F‘,w’”f‘,[ﬂi" [’ﬁ f#gu[ﬂifgi@[ﬂw@%l
Fl | FIE g Ff[}p ﬁffﬁul B Eg?ggylet ff[hﬂ R o T BT

Eia&tﬁyﬁr’? AT A O]V B
(=) #gEhE

1. fﬁ%ﬁi’?‘}ﬁﬁﬁ
(1) ST T IR "B pV BT EeS 57 YU Srf 1 TR ’a’%ﬁﬁ»a\ Sl ~ LR
ANl Sl
@) [ pes
JUF INRSOul I ~<~ % 100% Folin-Ciocalteu's phenol reagent?fvlf ;> I sodium
carbonate ﬁﬁg\' e » ST A lniﬁi ’ﬁiFQOJ}%?EWSOnmPBﬂ fifl
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3. AR ORI
I'J €132 & (Color and color difference, CD-08, LAIKO, Japan)jf <t

4. 2 /Y55 55P7(PCA)I"] princomp & factor A~ -

5. 'd”i@?%ﬁ%fiﬁﬁ‘ﬁl B

(1) Vi @f%ﬁﬁ% AT L = 25 pUES] > I ACREN 12 /PRy i Rdif = | e

(2) = 7 [l P X (Malic acid ~ Lactic acid » Citric acid) #1# % (Sucrose
Oligofructose » Honey)& > F|[I* CMC -

(3) FIFIEE = PpIp= = [ lle ] etk > fop[pips ~ Pov 288ty 1 f{i%

[E lbw?ﬂ E‘LPH%&; ﬂ |5 S/IN Fu’ﬁ [EAEA N;fd—’,—ﬂ{»;ﬂ_ 'Iﬁ{”ﬁﬂ:;'f '[' F(ﬁﬁ [J[:H[
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Control factor Factor level
Level 1 Level 2 Level 3
‘Brix 8 9 10
Kind of acids Vitamin C Malic acid Citric acid
Acidity added 0.1 0.2 0.3
Kinds of sugars Oligofructose Sucrose Honey

SR G NS
FIRIFFAF P ARV R BIOR (DAS)» 2 1|5 VAt (D) (DA

I PEIRIDAS-S) L By W I (PO 2 007% (40 25°C) -
(BLA ~ T pI S s I AT » g e f"likaF g [

P - SR B
LDA:  4°C Dijulis-Acid(pH 4.35)
LDS: 4°C  Dijulis-Sucrose(pH 4.0)
LDAS-S: 4°C Dijulis-Acid-Sucrose-Soda(pH 5.7)
LDAS: 4°C Dijulis-Acid-Sucrose(pH 4.3)
RDA: 25°C Dijulis-Acid(pH 4.35)
RDS: 25°C  Dijulis-Sucrose(pH 4.0)
RDAS-S :257C Djulis-Acid-Sucrose-Soda(pH 5.7)
RDAS:  257C Dijulis-Acid-Sucrose(pH 4.3)
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Composition Summer R SummerY Winter R Winter Y
Aw 0.56 0.57 0.47 0.52
Water(%) 10.15 10.48 9.05 10.9
Crude Protein (%) 14.4 14.6 16.8 19.3
Starch(%) 50.3 46.6 59.5 49.3
Crude far(%) 0.91 0.7 - -
Dietary Fiber (%) 14 13.9 21 26.1
Se(ppm) 0.31 N.D 4 5
Zn (ppm) 24.5 33 34 36
Ca(ppm) 2523 32.02 - -
Fe(ppm) 55.6 787 - -
Na(mg/100g) 238 71.9 - -

R;‘TEIf‘E‘[ aYFchff

48



R R LR 5

H3 s A
AR AR &= &=
F! ?5 s A fi, a
A % PR (Aspartic acid) 1.10 1.06 1.48 1.24
ARF L (Threonine) 0.46 0.46 0.64 0.52
A % (Serine) 0.55 0.57 0.77 0.65
¥ % (Glutamic acid) 2.02 1.90 3.48 2.69
I (Porline) 0.49 0.48 0.74 0.52
T 1% (Glycne) 0.74 0.72 1.03 0.84
I |¥#T%(Alanine) 0.49 0.45 0.72 0.59
PAF % (Cysteine) N.D N.D 0.04 0.17
T % (Valine) 0.60 0.55 0.76 0.62
F "Fﬁﬁ%’@(Methionine) 0.10 0.12 0.28 0.27
BT 1 (Isoleuine) 0.51 0.46 0.66 0.58
F ' [%(Leucine) 0.85 0.82 1.06 0.91
[zt % % (Tyrosine) 0.43 0.42 0.58 0.48
2 | P& (Phenylalanine) 0.58 0.55 0.75 0.62
2T (Histidine) 0.38 0.35 0.46 0.39
EE) Tk (Lysine) 0.73 0.70 0.95 0.81
& P (Arginine) 1.21 1.17 1.59 1.43

S TR TN S S

SYFERT R E"’I@E%T} 480 nm * 530 nm ?‘I"EJ— e > Ty e fE
T 480nm E|— REnE o FUBY ”E‘E?}F'F'[H'. » T 530nm E |5 £ betacyanins
7 480nm F | R IfiH BT betaxanthins o (FIR7 € ﬁ‘}:ﬁﬁ IR ?f& F—?Xzi j@;iﬁﬂp&’z
S fifi o PP PIRA ﬁgﬁjﬁ{ﬁﬁ Augo fﬁ\ﬁf\ Aszo* w7 CIFETERT “"'I(Asso)t;?f[[ 1(A4g0)
W = L ]’j@ﬁ (S 0.339 2 0.686 » ) &1L AT € SR UL ]l ﬁ (&
2019179 1,023« iy [ ORI IR EHE - B T 480 F 530mm
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HEHJ:T} 480nm I/ 5 fifia A% 530nm - [br' | betaxanthin [ ZfIf Jf’[ VRS o R s

| Augo =2 Asso I 30 BV H Asso = Augo EIIT 0.3 N AT L'F'g
betacyamn FL fol 13k o PP o pr PN B~ EEFEIURT BPE - <3k f’ﬂfﬁ

JHEE 2 pretZk o F |1 Huntera =2 b [l i 45> 1% F[ﬁﬁlﬁﬁﬁ*ﬁiﬁ NSLE
?F/Jﬂlhue (VR )it 181 D A7 €15 B 2006SR, 2006WR % 2007SR)» ¥ hue
]@?%ﬂ aﬁIEl ) ;| Ciﬁ#@ﬁ (2006SY, 2006WY == 2007SY) EJJ‘FT;\_ﬂb iEl o ¥
“FRIEH o hue [T 0 290 % ¢ J(ﬁ B e IE‘“F'I €1) o

P4~ Il Ffﬂ PR A VTR S R Aggo ~ Aszo B I
Source 2006SR 2006 WR 2007SR  2006SY 2006WY 2007SY

Color

As3o 0.237 0.306 0.339 0.085 0.191 0.073
Auso 0.246 0.686 0.515 0.282 1.023  0.607
Augo/Aszo 1.04 2.24 1.52 3.32 5.36 8.32
Aszo/Asso 0.96 0.45 0.66 0.30 0.19 0.12
L 81.3 76.59 75.45 92.49 88.94  89.98
Hue angle 30.72 64.74 44.24 99.58 100.72  100.05
Chroma 18.46 36.23 31.09 23.94 52 43.04

=K chroma [fi(77%) » kLl 2 = He R AT R e e L )
PIDRLES <1 LT il Bk 7 B Rl 7 - el 5T &
B PRFEE CRE T (Asso > Aggo > Hue angle » Chroma ) #7552 R H i ) =

By EJZJLT [ﬂ FF’{%EJ:_J;/{ EzTr‘f[\ e [%T‘»[) Iﬁ%', NZ T@I s I}@{%Iﬂ{ 7 betanin I'ﬁiﬁfill
AL |7f‘~EvF1PTS/7L [ﬁ?EH‘L° BEE T ek ﬁﬁﬁ} AN AR 0 AT <13k (betacyanin) TR S
e Fﬁi'. i % 64.9443?3 153.059 mg/g V[t » = Jg“, FRUSE R - 2 T

betanin Fj#ﬁ F[|¥'| HPLC 73 IHIJri 480nm == 530nm [ EE I FRAERE o AHHN Y] q%.ﬁ‘
— > 480nm fi'4* 3.44 > 7.60 = 9.83 5 %EJPBHﬂ@ﬂé » EEEY, betaxanthin  530nm
P 7.84 =2 10.54 55 (15 ¢ JPTSIL[S'YEL % > (A A£G betacyanin =7 isobetacyanin
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S EN Aggo/Aszo [ AT 3 P‘Fﬂftﬁf NN AN R N TE = AR S

50



Fioibs> é‘”\fﬁ“l—rrli ;E.' O%i':ﬁ'llﬂfij betacyanin F ﬁﬁ Iciﬁﬁr )
betaxanthin 5= o [IFTEE R betanin ?Fﬁfﬁ’:lﬁf ﬁ“sfjﬂﬂ IS TR o
pl‘»‘ﬂ*;’rgﬁ“ﬁ = ﬁilf[hf 12006WY Hxf betaxanthin A,E%%r:s‘zﬁ t@2006WR
[ 3.8 |‘Fﬁ > 2006WR [ betacyanin l[]5% 2006WY fiY 26.59 [ifﬁ 1| 2007SR [IUz ¢
ff“j%ﬁﬁ' » FIS 2007WR f Jif;z’f[} R ’ﬁsr A P (SRS

i@?ﬁ‘ AT o

A2 PSS i

RT 2006SR 2006WR 2007SR 2006SY 2006WY 2007SY

Total batacyanin  (mg/g) 64.94 10291 153.06 2.38 3.87 4.85
Betacyanin ~ (mg/g) 7.61 32.78  60.42  91.59 1.18 2.14 3.02
(%) 5047 58771  59.84 4943 5522  62.23

I[sobetacyanin (mg/g) 9.83 32.17 4249  61.47 1.20 1.73 1.83
(%) 4953 4129  40.16  50.57 44718  37.77

Total betaxanthin  (area) 8160 38285 27025 20356 146604 82556
betaxanthin 1 (area) 3.41 3525 37814 17573 8099 61133 30706

(%) 4320 9877  65.02  39.79 41770  37.19

betaxanthin 2 (area) 9.97 4635 472 9452 12257 85471 51850
(%) 56.80 1.23 3498  60.21 58.30  62.81
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PR BRI ARARTD £ B 7 829.37~1452.38(mg/100g) » Syt 4L
£ 8.6( mg/100g) ~ #% 8.7( mg/100g) ~ | % 20~40( mg/100g) » fﬁ‘?ﬁq?@
170-10,260( mg/100g)#f! 1] (Bravo 1998) = Z iK1t £ &1 » FII /i 7 12157~
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BT B 5 il SR AR 71 S D R R
ﬁ?;jc‘[Fﬁ[E,fg (FA)e

- WHIR] HPLC 53 AR (= 5 90 o A a@:%’”iﬁé FITRAS s 155 BT
catechin ~ chlorogenic acid ~ epicatechin ~ ferulic acid » rutin ﬁ%% i %> E '] rutin
FIBIR % (5093~ 18948.933pglg) « W22 VA HS] ) rutin 152 A
vl lﬁ'ﬁi%ﬁu g E.'i_wrﬁ,l‘lf(%} FA'E £7, 78 mg/kg) © rutin f\_Jﬁg‘#Jp S Ut
B SUE I S TR [ (RTORTRA T Y R AR L e
[ 1235 (Kreft et al, 2006) » PRI [ 02 R - 252 i

% 2 PRI Y chlorogenic acid ~ rutin & cinnamic acid FA BRI 2 ¥ ﬁ e

At T A R £ B (HPLO)Y L4
2006SR  2006WR 2007SR  2006SY 2006WY 2007SY

Flavonoids(mg/100g) 121.57 144.12 130.39 15098 167.65 134.31
Total phenolic(mg/100g)  829.37 1452.38 1035.71 829.37 145238 908.73
Gallic acid(ng/g) 130.87 604.04 225.07 246.13 154.38 99.72
Catechin 1428.19 1267.79 95494 456.19 1272.08 1067.60
Chlorogenic acid 75821 89233 806.25 285.10 1363.87 742.95
Caffeic acid 805.90 331.86 296.06 314.11 32843 370.40
Epicatechin 1201.47 87426 559.57 658.70 882.83  580.90
Coumaric acid 13456 22398 169.45 390.79 19593 190.22
Ferulic acid 454.27 1063.73 1085.40 76935 643.37 1085.40
Rutin 8383.89 18948.93 15391.51 5093.37 14191.95 14560.46
Cinnamic acid 130.87 604.04 225.07 246.13 154.38 99.72

pu - 7 [ﬁjgsgﬁ . ﬁ#lféj/;l’;%%Jﬁugn (=755 #7
PRSP [l il > % RIS HFOFRAPELFLDPPHIEA [ 1! L= -
PR FTRIS H o F R AT 53 DA s ~ Asso TR i
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’g‘, A FRIH PRI - [ Betanin g Y CSIRIE T A MR g A 1 1
o [Pt > bemcymnﬂgﬁmFﬁgﬂ%pjﬁi TR U i =t bt

ol S fES] s (FF > 2000) o [ AR (0 SRR~ TR IR A €k

AE FTJ el PRI AR SBURUT R PRy 5 T DPPHI
AP0 RIS Ry (3 ) e

| T\ [ﬁjﬁil{lﬁwé Q{T;I/;T\‘j%éJﬁugm l"“‘JJ

DPPH scavenging
FRAP (umole/l) .. FICA (%)
activity (%)
2006SR 348.2" 36.15 47.63°
2006WR 975.2° 39.67° 55.38"
2007SR 955.2° 37.62% 69.62°
2006SY 381.2° 26.07° 32.85°
2006WY 1097.2° 38.16" 57.21°
2007SY 528.2¢ 24.73° 42.61¢

T 7\ IFJZJKE:{ FFII{I?»:E[ T%.u: Iizﬁ F‘L-}ifg ﬁ‘uzém[ llﬁljd[ﬂ:j}ﬁ;llﬁ’@ [""

B B TR AR %ﬁnj‘%[%@’ﬁ% ERG FEIEJF[U%%['{’: o T
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;Q‘F 'F\?JEIJP EEzRT| ﬁ‘u;n]h J E| T;E%/Lgﬁlﬁrd E %‘VFL T Augo viﬁ\gf}ﬁfﬁi F_ﬁyfﬂ
A OB AT > AR50 B 0.84 711 0.89 « DPPH 3l [ 1L oW B
b e Rl B HIF* Assoﬁr’ﬁ @ﬁ‘ﬁ[ﬁk (r £% 0.91 0.85)0#?@?%]; uw.irglf 15

Ui Pl S F R - E e O {E;IHI Betacyanins [ o izt I .
%’ 15 (Asy) == Hunter a 1117 » F1e1%k (Adso) = Hunter b = B3R - A
—TJ [REETD 0.86 22 0.89 o BATREY » Aszo = Aggo it HEE cﬁ'[gafﬁfgj .

o AR R L ) VA

g%ﬁﬁ%wya’F*ﬁﬁﬂ“§W%ﬁﬁWﬁ@§%%o@¢F%£
IA'F[ , t[ [EI%$$®54G /1’541 ? I”‘"‘ ELE FIJ %Ei}'jj (%‘J . J\ ;,\\:.EI,[FF#;E?E(?J ,
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N ;T\i%f.z&]cﬁ'[ N F‘b}ﬁ‘[ N

i [ oL AR 5 A

A480 A530 L Hunter a Hunter b Hue Chroma T phenolic Favonoids FRAP DPPH FICA
A480 1 0.11 0.05 -0.39  0.89*** 0.45 0.95%**  (.86%** -0.02 0.84%** 0.32 0.45
A530 1 -0.95 *** (. 86%** -0.32 -0.76** -0.13 0.43 0.41 0.57*  0.91*** (.85%**
L 1 -0.94%** 0.42 0.83%** 0.24 -0.28 -0.39 -0.41 -0.79%*  -0.76**
Hunter a 1 -0.71 *  -0.93***  .0.56 -0.03 0.36 0.11 0.65% 0.57
Hunter b 1 0.78%*  (.97*** 0.62* 0.18 0.56 -0.13 0.07
Hue 1 0.62* 0.17 -0.22 0.06 -0.62* -0.48
Chroma 1 0.69* -0.22 0.69* 0.04 0.29
T phenolic 1 0.47 0.89%**  (.63* 0.53
Flavonoids 1 0.18 0.52 0
FRAP 1 0.65*%  0.79 **
DPPH 1 0.79 **
FICA 1
T phenolic = Total phenolic
Eal ”%%EW (9 S ey o)
P

TYERY ) C’f% 1;? Py % * T N
o5 (%) 503 531 286 684 772 662 253
';'LF LREEE(%) 14 22.5 2.4 11.3 0.3 5.1 13
T (%) 144  16.9 1.0 14 7.5 11.5  36.8
455(ppm) 2523 452 340 290 50 39 1710
Z(ppm) 55.6 15 5 28 2 3.2 57
4 (ppm) 2523 — 280 1380 190 112 2120
4'|(ppm) 238 200 440 20 20 5 220
48'(ppm) 35280  — 2900 3350 860 295 15700
#(ppm) 4607 — 530 1600 550 160 3960
& (ppm) 245 4622 3 26 11 2.2 20
T (g) 091 83 3 1.6 05 101 180

AR (0A  PLRLIVAT SR R SR IR €10 €0 T e 438
B o I PR [ AR ST 5 R - AR A A

AL O E U - 1 FRAP SR AR R B BT e
FB AS30 5 A480

FFF*E‘IN Wlf§-348.2 & 381.2 [B£ %% 104.2 % 130.2 (umole/l) o
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Item

Fresh-R Dehulled Djulis Frésh—R Storage-R~ Fresh-Y  Storage-Y

amount amount %

amount amount % amount amount

%

A420
A480
A530

Flavonoids
(mg/100g)
Total phenolic
mg/100g)
FRAP
(umole/l)
DPPH
scavenging
activity (%)
FICA (%)

0232 0.068 29.31
0246 0.05 20.32
0237 0.027 11.39

127.78 18.63 14.58

865.08 166.67 19.27

3482 0 0

36.15 10.76  29.76

4760 2324 4880

0232 0246 106.03 219 0.272
0246 0213 86.58 (282 0.202
0237 0.073 30.8 (085 0.065

127.78 99.01 77.48 146.06 69.61

865.08 1059.52 122.48 798.94 626.98

3482 1042 29.92 3812 1302

36.15 2861 79.14 20607 29.60

4762 3326 69.84 3246 57.36

124.02
71.63
76.47

47.66

78.48

34.16

113.54

176.71

Reducing power(umole/1

DPPH scavenging

FICA(%)
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o~ SRR (SRR SRR % AR T
VERAE] WEPAE 15 30 45 60~ 90 %

L 48.22 50.02 52.42 52.75 53.05 53.46 61.7
Huntera  33.13 31.38 27.45 23.1 20.09 18.07 16.35
Hunterb  9.49 9.45 9.6 9.75 9.85 10.9 13.1

Augo 0.853 0.785 0.719 0.707 0.695 0.681 0.627
As3p 0.962 0.889 0.805 0.765 0.723 0.704 0.615
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