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Abstract

This project is aimed at understanding the life history, ecophysiology, suitable
planting density, as well as the traditional cultivation knowledge by aborigines of
djulis (Chenopodium sp.), a species of ethnobotany. We cultivated two provenances of
djulis, one from Pingtung and one from Yu-Li, at the nursery in Department of
Forestry of National Pingtung University of Science and Technology. It was found
that if seedlings were planted in January, we could harvest grains in 100-110 days; if
seedlings were planted in September, then we could harvest in 85-95 days. Grains
from Pingtung provenance could be harvested 30 days earlier than those from Yu-Li.
However, djulis planted in fall season were vulnerable to insects and fugal diseases,
which increased management difficulties. No such difficulties occurred in djulis
grown in spring season. In density experiment of spring season, djulis were planted in
50, 30, and 10 cm spacing, which had grain productions of 90, 40, and 15 g,
respectively. Significant differences were observed among different spacing but not
between provenances. In fall season, 6 spacing treatments, 15, 20, 25, 30, 35, and 40
cm were set up. Grain yield were only 12~27 g for these treatments. Since root
systems of djulis are very thriving, its growth and grain production were significantly
reduced when cultivated in pots. In the aspect of ecophysiological traits, djulis was a
shade-intolerant plant. Its photosynthetic light saturation point was above 2000 wmol
m?s”. Under 380 ppm CO, concentration, light saturated photosynthetic rate was
more than 25 umol CO, m™s™, with high rate for carbon fixation. CO, saturation point
was about 1500 ppm, under such situation, its net photosynthetic rate could exceed 40
umol m?s™. Its optimum temperature for photosynthesis is from 20 to 30°C, showing
it is suitable for a wide range of growth temperature. The Pai-Wan tribe in Pingtung
usually plants djulis in January, harvests in May. This traditional cultivation season is
characterized of low temperature, dry season, short-day, and having more sunny days.
This kind of weather is beneficial to the seed set for djulis as well as less insect

infestations and fugal disease.

Keywords: Chenopodium sp., ethnobotany, life history, photosynthesis, planting

density.
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Abstract

In this project, we collected three races of quonia and five races of millet. The
contents of starch and carbohydrate between different races of quonia and millet were
compared. The sugar content of quonia red race is 20.1mg/g. The sugar levels of
Quonia yellow and hualien races are more 1.34 and 1.86 folds than that of red race.
The sugar contents of five different millet races are between 10 to 12.8 mg/g. Hualien
race of quonia contains starch 661mg/g. The starch levels of Quonia yellow and red
races are more 1.17 and 1.15 folds than that of hualien race. We also found quonia
seed contain sucrose (15.7~18.8mg/g) and glucose (0.7~1.32mg/g), but fructose
quality is under the detect level. The sucrose and glucose levels of millet are 30% and
25% of that of quonia. The fructose quality of millet is approximately 0.35mg/g. In
addition, the activities of a-amylase and -amylase were also be detected. The activity
of a-amylase in quonia red race is 46.25 U/mg proteins. The a-amylase activity of
yellow and hualien races are more 1.26 and 1.07 folds than that of red race. The
activity of B-amylase in quonia hualien race is 0.03 U/mg proteins. The B-amylase
activity of yellow and red races are more3.33 and 2.33 folds than that of hualien race.
We hope these results will help aboragin to select a suitable race of quonia or millet to

planting.

Key words: Quinoa, Sugar, Amylase

20



R AEREF 2 BT EARFEY FELE €5 500E P 2 - B ] K2 B
Wen ) A Fe c R ANER NBRA ¥ R B SEEE S N FfR - J1F
%1ﬂﬁi%k’Riar%i+ﬁﬁ£ﬁiﬁé%&?ﬁuﬁ%%ifﬁﬁg
QAT B KPR R REL B A S B RSMEF S HRFT A AR
Gl ok E kR P kR B RO AL R S R ES kSRS
S P RAEFBFET 2 FHRET R G REER R R T o

D FER GNP F A REER SR L AT T N @ R e
i% % (amylo method)f ¢ » ot 2 A¥SK MO (C 18 £ 40 » PR B A & o PRiE B
zﬂg@nﬁwpkémnmﬁﬁ’%@gﬁ?%w A2 PP R vk B o B g
AT 2 A R R LR R G R0 TR A RAR BB e
AL G £ B AR o iﬁ{ﬁﬁ#+/1m yh PR LR SEE
ZHra At o Fp EF 2 esrE LT £05(1922)8 A L F g R A D
ﬁ%ﬁﬁﬁ%’%aw&wwwﬁ-#ﬁ7%ﬁ4 A e Te NIRRT 0 0

G R L R A LA HAIE ) K e F A LA S S R
gﬁﬁﬁgaﬁﬁﬁuﬁa@@éwﬁm@ﬁﬂ% Z AT £ e
HEAMMEER AL o 50 A AR L AR S AR

EEEE RN S A SRR RAR LB S RN ) S AT

£ BB Y T LRB RS RS AT E BB B st E R
HADEWE o R EE G A fERE A RENIER 2 - 0 A RT A S onR Bkge s S
fhobfbd B YRFYREFRFLALLNET v T AJRRE L S F F B AR
%%?%%%iﬁﬁoki&ﬁ%b%ﬂﬂﬁﬁﬁ%ﬁ%$%%EW$“é%’
B3 TA N SRR A RO R LR L a-KBET AT F Y s R ol
wAR g MR q-BRAER £ R N Y MR SRS L R T ES T2
Ed ez w it Lo il FlnF a-kpEEE s e Er
L4-link + a-1.4 44> 7 8o * 2 3 (doficfs )@ 1 S g ] e 3 (A8 pE) > 1
HERLPFLL AT 2L L DEF o [k pFLE - A pF
(exoglycosidase) » ¥ 12 #5545 -k f3 2 & ¥ 4% B -limit dextrin o o-i& > fF i F #-=
AABORTEP SRR T 56 BH RSB L BRE PR A2
ER AR R i URIRE SV R SRS S AR R et S TR b R P

21



PVEBIEELE L AT B SRS nE . AEFERY o RIE R
ﬁﬁﬂ%ﬁ%ﬂﬁﬁﬁﬁﬁﬁﬂﬁ’1?%$4ﬁéfﬁﬁ%ﬁ%?o

FoeFprapr il g hagz i oa pk

”“%gi{“J%iﬂi%ﬁmkowfﬁ+%g\&+ﬂ r 66~77% » @

‘ﬂ*ﬁ

BRI IO AR FE L E TS A PRIETRE AR 2

FRMEA BT AS SHRER £ o MRS BN 0T i E R A

22



o

- BRI ESRE
PakPleR e i(nd ~ed BRER ) ARG AR
40 & w5 Jalelevelan ~ Libugu ~ Gucele ~ Cukila ~ a-uzauzalu - # 1z s 2 f&
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R4 2 37°C ™ 12 405nm 1 Pk B o

I ~ERFEA AT
(=) o3B3 i i 4L A 4
¥4 & ~ 72 F) ~ PVPP ~ 50mM Sodium acetate buffer ~ 100mM CaCl, /2 &

(PP Eiag (F k7)) 2 EFE 1) B> &5 15 2 48 vortex » 4.
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Extraction buffer : 0.05 M Tris-HCI + 1 mM EDTA
Stopping buffer : 19§ Trizma base

Substrate : Betamyl substrate solution

HEPES buffer : 50 mM HEPES + 0.5 mM EDTA + 1mM B-mercaptoethanol > pH 7.5
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/% (Bio-Rad Protein Assay microassay procedure) « 7 £ # # 11 10 pg/mlsBSA
AR T AR oy 3% o 0.8 mlefR i Fu B R 3y iR B
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G R Ed 5k 1 18.8240.27 mg/g ~ o d 5k ¢ 15.69+0.66 mg/g £ T i 5
% 17752045 mg/g (£ - ) =¥z d 5% 7 Sucrose £ 5 0 H Y § 4

v

ek s led B hen 120 B FES RS AT 113 B (BZ2)e

26



Cukila -~ Jalelevelan -~ Gucele ~ Libugu ~a-uzauzalu %7 &5 4«7 > Bz £
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Ll TR R A PTERERBI A PRP IR LR B
Bl EF 5k 1 T770.67£52.05 mg/g ~ i d 5k 1 762.67424.44 mg/g B2 i
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A 8] 5 656£11.31 mg/g ~ 670+65.05 mg/g ~ 649+57.98 mg/g ~ 621+29.70 mg/g
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VAR~ KN W Glucose Sucrose Fructose
ey i
S 26.96+3.06 | 770.67+£52.05 | 1.32+0.04 | 18.82+0.27 -
s A 20.11£2.90 | 762.67£24.44 | 0.70+£0.06 | 15.69+0.66 -
R -TCi | 37.44+45.14 | 661.3349.24 1.11+£0.10 | 17.75+0.45 -
o] F 10.55+1.48 670+65.05 0.31+0.02 3.54+1.07 0.40+0.04
Jalelevelan
o] F 12.80+0.01 649+57.98 0.26+0.01 5.69+0.06 0.37+0.03
Gucele
] F 11.83+0.08 621+£29.70 0.22+0.04 5.43+0.18 0.26+0.07
Libugu
RN 10.00+0.08 656+11.31 0.21+0.00 5.66+0.02 0.26+0.00
Cukila
] F 11.31+0.12 625+12.73 0.31+0.03 5.96+0.19 0.46+0.06
a-uzauzalu
P AR ELEFE A FEIBEIREIESIToEE D mg/gfEF o

()0 F & MAT R R -
Fefi o amylase /& 1+ B amylase & 1%
G 58.14+3.10 0.10.00
kol 46.25+11.31 0.07+0.00
LTI 49.49+9.31 0.03+0.00
Ao A RS A2 EHEI R PR IFREE S A 4T o B = ¢ Units/mg %8 3
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E £ 0.04
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Abstract

The aim of this study is to investigate the nutritional compounds, antioxidant
capacity and sustainable utilization of Djulis seed. Results showed that, Djulis seeds of
red variety contain the starch 50.3 % . When compared with cereal crops, Djulis posses
the similar content of crude protein (14.4 95 ) as wheat and high content of
lysine(limited amino acid, 0.73%) than rice. The dietary fiber (14.9%) is 6 times higher
than sweet potato. Functional minerals such as Se, Zn and Ge are also included.
Compounds of yellow variety, except lack of Se, were similar to the red one. They are
also rich in flavonoid (127.95 mg and 145.6mg/100g for redand yellow variety
respectively), total phenol (873 mg and 824mg/100g for red and yellow variety
respectively) and betanin, which is a powerful antioxidant. Further study of the stability
of betalain and antioxidant capacity was processed by the water extract at pH 3-7 and
50-90°C. Results showed that, samples in all pH values behaved similarly at 50°C or
above 80°C, while during 60-70°C, pH 5-7 showed the highest stability as well as the
highest activation energy. In addition, highest antioxidant capacity exhibited at the
samples with pH 5 and decreased during heating (FRAP from 3520 to 2200 zmole/1,
DPPH scavenging from 30% to 10%). Purification of betanin and phenolic compounds
through HPLC showed that betanin with isomers were 133.06(mg/g dw). As to the
phenolic compounds, gallic acid showed the highest amount (14.9%), followed by
chlorogenic acid (3.23%), rutin (2.36%), and courmaric acid(1.85%). Both betalain and
phenolic compounds showed high relationship with the antioxidant capacity and can be
assumed to be main source of the bioactive properties of Djulis. Finally, for the
sustainable utilization of Djulis, steam cook, bakery, fry and microwave were used to
develop the crackies, microwave rice, steam rice, potato ball, shang-song and pop rice.
Apparently, addition of Djulis favors the antioxidant capacity of products during
storage. Low temperature, dark and N, package also exhibited a better color and
antioxidant capacity of Djulis microwave rice products during storage. It indicates that,

through a proper technique, Djulis is worthy of sustainable utilization and application.

Key words: Djulis, antioxidant , betanin, polyphenol, sustainable utilization.
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v %fk(Leucine) 0.85 0.82
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Bl 6 W+ () % Asp 2 (D)fssf i* &4 2 B o 4p & 47 Bl#
Peak 1 : X & 3 fi(gallic acid), Peak 2 : 32 % % (catechin),
Peak 3 : & 4 f&(chlorogenic acid), Peak 4 : ¢*rr2ifik (caffeic acid)
Peak 5 : % ¥2 % % (epicatechin), Peak 6 : 4 & f&(coumaric acid)
Peak 7 @ fr #&pk(ferulic acid), Peak 8 © = % 3 (rutin)
Peak 9 @ F 43 f&(cinamic acid)
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prap it &4 7 £(%)
K 8+ pa(gallic acid) 14.9
v2 & % (catechin) 0.12
/E A fiz (chlorogenic acid) 0.08
e i (caffeic acid) 0.40
% 2 % % (epicatechin) 0.29
% & f&(coumaric acid) 1.85
I¥ % f% (ferulic acid) 0.02
£ 4 4 (rutin) 2.36
P 1% /i (cinamic acid) 3.23

250 BEI Y 42 pmgering v 4 (DPPH ~ FRAP)Z 4p M 14 4 45

Pigment Phenols DPPH FRAP
Pigment 1.00
Phenols 0.29 1.00
DPPH 0.74%%* 0.81%** 1.00
FRAP 0.60* 0.927%** 0.95%** 1.00

k) kk Exk o Significant at 5%, 1% and 0.1% levels, respectively
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26 LF B pAEA RS T EE ORFEETRED R R

With Dijulis Without Djulis

TR (%) T (AW) 153 PRI (%) i (Aw)

0 2.340 0.306 0.955 0.306
6 2.575 0.354 1.380 0.399
12 2.705 0.364 1.740 0.375
18 4.435 0.377 3.747 0.355
24 3.625 0.340 3.100 0.327
1 —e— with Djulis | ——with Djulis
T beked Didls o b

Absorbance(A532)
j=]
B

L ;
° S
Absorbance

0 6 12 18 24 30

day
1r —— with Djulis
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. 08
g ol
g o
< o6
(5}
g o5
O
5 0.4
£ 03
Z w
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Ak d F AR

FoeEis > 4vr 180ml -k > =H 205,22 40 57k > A BiEE 1| PF o

LB F Bk T A e r Bl o AR 1S A4
(i K ARB o84 E » 23 & F T‘ VI S A + )

)

FEES > b r 2 FE L 300ml > 2R 20 A4

J
g e R

AR A S e WGk 313%  FE 417%) 8 K e e e ()
B) BEEREET AN c BEAcd T M 0 AHMA R FE LT RE
P B (0.990) EH 8 L B 0999 o B oo M F ML K AR
Asp % Auga ' F TR 2 AR (Asnd 0.372 %% 1 0.325~Auss @ 0.382 %% 1 0.339)>
M Ao Rld 0264 F 2 3 0431 7 FlHcEARY AR GRS ARY > T A A
PRP TR AR G AR R B R B SRR e 5 2 48
oo faipl s REEART KRB ALR o m R ANARES L T &
(Smith etal., 2001) » @ 7 4e e F2 f5Fle t RE AT 00 T b e HAET
G kAR AT S R oo F (V4 S G Mk e Wk pE T 2 160 B FRAP
d A& 125.6umol/L F 2 3 146.6umol/L » ¥ i Thok AP cnpEsE 0 A 4 Bl
T @ &y it 4 %2 (Faraji et al., 2005) -

PFTE R 2 TR e SRR GRS AL F B
k2 2Ok AT 0 BT 36 ) PERERZ LR o B R 4B 9 o 0 Mok WL
S AREER36 IS > RF ERFFEF RF N F O ALY AT FHE AL oA
FRAP R|3 } 2R T endf$ > 7 o 2% ¢ 2 Betalains 2 £ 2 % 5 B
(Von et al., 1981)e b4r e § o5 A 42 Mok F > 2 FRAP d — B 4511256
pmol/L + = 5 159.6 pmol/L » @ 7 F E R &3 4v 5 135.6umol/L o @ e § ¥
Jeiéé‘].“’—*ﬁ » DPPH i fié 4 i&ﬁlv‘c?f‘% % (25.6%22 22.07 % ) (B 10) » F]p* >

o F WA T A WHOA A B id gy 144 o
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407, e FARREEH

Item Microwave rice Steam rice
with Djulis without Djulis with Djulis without Djulis
Time(hr) 0 24 0 0 24 0 24
Aw 0990 0999 0993 0.999 0999 0.999 0.999 0.999
Water(%) 5322 5632 4465 4989 5768 60.85 51.59 53.27
As3 0372 0.325 - 0.020 0.031 - -
Auga 0.382 0.339 - 0.021  0.034 - -
Aso 0264 0431 0.052 0420 0.042 0.059 0.026 0.008
FRAP(umol/L) 125.6  146.6 - 88.6 75.6 - -
DPPH(%) 5.67 9.68 - - - - -
Total phenols
(mg/100g) 5.20 5.28 - 0.635 0.952 - -
Dark Light
N2-packed Air-packed N2-packed Air-packed

12

hr

24

hr

if

| -

B 9. M 2 FAT

L . 1 L
FEAACLE ¢ gk

Bk RS 36 ] L % 1




(Z) B (=% 'FER %44 - ¥ B3R
EEFFER G T EELERREE > B EBFAEUS 2F KA
PIE e 5 g o SRR & SOBR TR E B RS R
A * EF B AR N EFVHRER R REACT

R TR

%ﬁ/\%‘i@w ’%Q’ﬁfiéwﬂ ’ﬁ)\izﬁ,é;}%ﬁ;}li’u ﬁ)\ﬁ N —n*ﬁ\‘\z -nfﬁ‘z%pi

!

B 25g AvRihE R 0 A SRR A G 05 hkR SR e b

I
Wi B 1T0C 2% 0 % BHFLE 45 S

EH AL ITOTH 10 Ak o 25 &b fy 4§ B 4234
!
BHAR G R=T03
(BRp AR MBS T~ e A E RS ER OB Fi)

FAEENAFRER S Ae ) BT HMRER BT 2
RS REEKS PR 1) 2 k2 Z 8 - RFERT R R - 2 hdn
FOA 200 EF w3 RFDFRAPERA (£ 8) - meggza%;f]:
4v iz 514 FRAP o 344. 6umol/L # 4c % 625.6umol/L; % £475 4 1443 2umol/L
#E 5 1993.2umol/L » Flpt o> Ac e FA A P FEF VUG sk F A S R

gTLJO

62




- A RF TR

LR FREDFDF L LG - MRS DA L AR (A=
f&)%»f*%?~ﬁf~f&ﬂi%m“aé«&ﬁf‘_m ()
PRt e ~PIFES AR FaF 4 O BRAPY LG F RSP LA SO
;%EJ °

oo g 88 4
d > F R & pH g,ﬁv%&n

*T

W

3

Wd A2 R dgg it o A FRLE

f

RAEELRR P Miph e W2 A5 T RE DR o g
F e Ko RFVY LG TEB £l- B k,féi—qu HIFTS B o j\‘ﬂ'ég 3{_,&,% B oo
o - ——dark N2 00 - ——dark N2
—B— dark air —— dark air
light N2 light N2
0 light air 400 F light air
=
= 07 g 300 [
807 = . 5200 | o
a e P/—Q’\“-"’_—<*
=) y
0t 100 F
0 0
0 10 0 £ 10 0 10 20 30 40
R el chr) I el hr)

10, ikl FARN A F A L F & RIS D @k AILT G 36 0 B
TLJi%TL
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B R .
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Abstract

During the field study time, 11 counties were investigated. Among them,
Hsinchu, Miaoli, Hualien and Nantoa only 1 location found were individually. And
312 specimens were collected and documented. The main populations were in
Pingtung county. No living plants were found in the others. The quinoa distributed
among the arboriginal community from altitude 230m~ 1568m. In Taiwan's 9
arboriginal tribes, Ataya, Bunun, Paiwan, Rukai,Saisiat, Tsou,and Puyuma kept their
plant vocabulary power and traditional farming abilities still. Through field
investigations, chenopodium plants were used for food, for decoration, for fish poison,
for alcohol making, and for soils fertilization. Compared the characters we measured
with international databanks and type specimens, no precise taxa match the one we

studied now in Taiwan.

Keywords: quinoa, Chenopodiaceae, ethnobotany
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P FES SR 1L E X110 % > 1500 A= + 0 AhalicE 2 % SR
ted kg o P TR FREZEARFI IS DL G Y (A 1995) -
s R AR PES o ERE BT ARARPES AR w0 B P
Chenopodium L. E_# f 48 4~ etk £ B > & & %% Chenopodieae C. A. Mey. ¥ &
R e f;’gam 120 ﬁ_; v (Allen>1960)° & HAkF 54 ¢ s Lz -
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¥R kg T8 cnfldf » ¢ 35 % M+ % H Chenopodium quinoa ~ C.
pallidicaule - C. nuttaliae - 14 3 & 35§ 3 7& .l % &1 C. album(Partap and Kapoor, 1985;
Johnson, 1990) -

=% (%37 Chenopodium sp.) r‘ljﬁiv‘ R 0 LY B2 R EA
PIppEdp2 dedr (Liw £75 5 1922) > 2 2825 % % (Chenopodium purpurascens
Jaquin)(3%4i % ~ & & > 1997) « & * % (Chenopodium sp.) (58 %42 > 1997)% #
% (Chenopodium album L. var ceutrorubrum Makino)(& 55 £ > 1999) ~ = %

(Chenopodium quinoa) (k& & »2003) & 8 Z2 fi* » AR & ks g2 o
N E L T SR R H A RN A e
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Bd AR ES LS50S B N R R TR SRR
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BAcF R4 35 - 3 B2 1 &3 RmBvER . 2S5k
I~l.6mm - 7 PFE AL P AT FRITIC 22550 3 Efme 57 %% 0 &
kA AR A A Aot & o T 1.2mm 0 BERARE  BA R o
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E@@fgw;é;’%w % (Moquin 1849) 2 # /L% B4k & 3% > H5 f 4 =
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C.purpurescens ~ C.giganteum ~ C.rubrum % & 3 £:17 > ZRJEFEI0 2 IR E 3N
Hig o TR L SR B BAE R o 2 MR & 40 18 IF h 30 Hr i
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Z
character state character state
leaves glabrous/pubescent flowering present/absent
branch
plant herb/shrub stamens number
embryo spiral/cyclical xeromorphosis present/absent
flowers femal/hermaphrodite/unisexua leaf shape scale-like/flat/semi-cyclindrical/filif
1 orm
seed vertical/horizontal ovary superior/semi-inferior
perianth number testa bristle/leathery/fleshy
number
bracteoles present/absent endosperm present/absent
perianth equal/not equal operculum present/absent
segments
number of number stigma papillose/not papillose
stigma
42 SRFFES A KA
Chenopdieae Salsoleae Beteae
embryo cyclical spiral cyclical
operculum absent absent present in fruit
endosperm present absent present
ovary superior superior semi-inferior
genus in Taiwan Atriplex, Suaeda 0
Chenopodium

73



A ST RS A

RREEE SRR R BT BB L 18IV FARE - &
%L*ﬁ;z z\*'&f"r :

CHENOPODIUM % %
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o, ALY 35, S FEFFANE Rk mE S o
ik % %
LEERSNF I AN d AP IR e 7. C. sp.
.52 EApRFiER
PR CELE H!]‘(«ﬁ BT PR 3. C. ambrosioodes
PR ’”]lﬁ IR A S
3E DR e 1. C. acuminatum subsp. virginatum
3.5 5 A A %)
4EF AT > AT 34, 5. C. glaucum
4EF ST TREF o TR S50
SAFEENTem EARA 4. C. formosanum
S5.A4 F@ Tem: A
6.EAD BPIEE - PRAY 6. C. serotinum
6. AT EPEAT e, 2. C. album

1. Chenopodium acuminatum Willd. subsp. virginatum (Thunb.) Kitamura
RER
A3 540 £ l4demo 2% 0 ARSI P A3 A% Eimk
5%nmwf%i¥5°ﬁ4ﬁi°
N ETERT Ryt S
2. Chenopodium album L. %
FBIHE L Sem AT ES G AV, ET e d B e
£ 530mme SRR T S AR o
2P AT Ly o
3. Chenopodium ambrosioides L. % %
A2 #4575 0 £ 2-10cm > AR ESH S 374 > A3vga) —;*l“?;ﬁ
W E e AR 5o r3d4-fa+Ha2rezx e
A A F LR o

4. Chenopodium formosanum Koidz .~ %%
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