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Total Polyphenol and  Antioxidant Activity of  Red  Amaranth  (Amaranthus
tricolor L.) as  Affected by Different Sunlight Level
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The  total polyphenol content  and  antioxidant  actiyity  were  compared  in the leayes of  seyen  red  amaranth

Q4maranthus tricolorL.)  cultivars.  The  effect ofthe  sunlight  leyel on  the accumulation  of total polyphenol content
and  antioxidant  activity  was  also  investigated by growing plants under  fu1] sunlight  and  shaded  conditions.  The
total phenolic content  and  antioxidant  activity  difTered among  the cultiyars  studied,  and  leaves from the cultivar
`Rocto

 Joba' and  
`Rocto

 Lal' had the highest phenolics and  antioxidant  activity,  respectiyely.  These va]ues  were

lowest in the leaves ofthe  cultivar  
`Red

 Queen'. Comparatively, red-fleshed  cultivars  had more  total polyphenols
and  antioxidant  activity  than  red  green-fleshed cu]tivars.  Total polyphenol  and  antioxidant  activity  were  greater
in leaves from plants grown under  full sunlight  without  shading.  The positive correlation  between  antioxidant

activityandtotalpolyphenols(R2=O.824)suggeststhatphenoliccompoundsarethemajorantioxidantcomponents

in red  amaranth.  The results  indicate that red  amaranth  containing  high phenolics may  provide a source  of

dietary antioxidants.  The  combination  of  cultivar  variation  and  responsiveness  to specific  growing conditions
can  create  opportunities  for the production and  processing ofvegetable  red  amaranth  with  improved  antioxidant

properties.
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Introduction

  Amaranths  are  probably the most  important leafy

vegetables  of  the lowland tropics of  Africa and  Asia,

but are  scarcely  known in South America  (Palada and

Crossman, 1999). The flavor of  raw  and  cooked

vegetable  amaranth  was  reported  as equal  to or better
than that of  spinach  or  other  similar  green vegetables

(Abbott and  Campbell, 1982). Among  many  species  of

vegetable  amaranth,  the main  type, .4maranthus  tricolor

L., seeins  to have originated  in South or Southeast Asia

(Grubben and  van  Sloten, 198l) and  then spread  through

the tropics and  the temperate zone  (Manin and  Telek,

1979). Regardless of  species,  the choice  of  varietyl

cultivar  is influenced by individual preference fbr leaf
color  and  taste, A, tricolor has various  leaf colors  such

as  white  ([ight green), dark green, red,  purple and

variegated  (Palada and  Chang, 2003). The two main

types grown as vegetables  are loosely termed  green
amaranth  and  red  amaranth.

  Red amaranth  is a  wonderful  vegetable  with  reddish-

veined  dark green leaves or fu11y red to purple leaves,
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suitable  for growing  in warm  weather,  in which  young
leaves and  stems  can  be harvested periodically. Red
amaranth  is also  especia]ly  nutritious,  rich  in easily

digestible minerals  i.e,, iron and  calcium,  as well  as

protein, vitamin  C, and  beta-carotene (Islam et  al.,

2003a). The vitamins  and  minera]s  present in plants as
natural or synthetic  antioxidants  have been linked to
removing  harrnfu1 molecules  ca]led  free radicals  in the
body to help fight against  infection and  other  conditions,

including cancer,  coronary  artery  disease, muscular

degeneration, and  serious  eye  diseases (Dasgupta and

De, 2007). Besides antioxidant  vitamins  and  minerals,

fruits and  vegetables  eontain  flavonoids and  related

phenolics, Phenolics or  poiyphenols, as a class of

nutrients, include bioflavonoids, organic  acids  and

phenolic acids, The role of  polyphenols in preventing
many  chronic  diseases, including cancer,  cardiovascular

diseases, and  diabetes, has been well  documented

(Scalbert et al., 2005). Initial findings confirmed  that

Amaranthus leaves are important sources  ofantiox{dants

(Soklcanha and  Tiratanakul, 2006), but it is important to
identify the major  antioxidants  and  the antioxidant

activity, specifically  for red amaranth.

  Red amaranth  cultivars  of  difftircnt flesh color  may

differ in their phenolic content  and  antioxidant
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properties. In addition,  cultivars  with  the same  flesh
color  may  di ffer in total phenolic content  and  antioxidant

activity. Environmental factors, such  as temperature and

light levels play an  important role in plant's anti-oxidant
metabolism  (Foyer et  al., 1994; SmirnofZ 1995). Studies
on  other  crops  have reported  that the antioxidant  capacity

and  phenolic content  of  spinach  and  sweet  potato leaf
were  greatly affected  by anificial  shading  and  light
intensity (Howard et  al,, 2002; Islarn et  al., 2003b);
therefore, it is hypothesized that changes  in the sunlight

level received  by the plants may  also  affect the

polyphenolsandantioxidantcomponentsofshade-grown
red  amaranth.  Several studies  have reported  correlations

among  the antioxidant  activities and  phytochemical
concentrations  ofvarious  food commodities  (Awika ct
al., 2003); however, this type of  information is not

available  for red  amaranth.  Inforrnation on  the  total

phenolics and  antioxidant  activity ofred  amaranth  would

also  be helpfu1 forincreasing the awareness  ofconsumers

regarding  the level of  beneficial phytochemicals present
in this nutritious  vegetable.  In addition,  investigation of

the effect  of  the sunlight  level on  phenolic content  and

antioxidants  in red  amaranth  may  identify new

cultivation  methods  to enhance  its nutritional  value.  The

obj ectives ofthis  study  were  (1) to compare  red  amaranth

cultivars  for their tota] polyphenol content  and

antioxidant  activity, and  (2) to identify the ]evel of

sunlight  as suitab]e  growing conditions  to achieye  the
desired antioxidant  properties in red  amaranth,

Materials and  Methods

1. Plant materiats  and  culture  Jnethod

  Seven red  amaranth  cultivars  (Table 1) collected  from
Bangladesh were  grown  in the field to compare  their

total poiyphenol and  antioxidant  actiyity. On  May  30
2006, seeds  were  sown  directly in a field plot (1 m  (x)
1m)  in rows,  which  were  arranged  in a  randomized

complete  block design with  three  replications, The field

plot was  irrigated in split application  as necessary  and

fertilized with  mixed  fertilizer (10 i 1O: 10 NPK), 50g
as basal dose and  50g 10 days after sowing  the seeds

in each  plot Nine randomly  selected  p]ants were

collected  with  roots  at the edible  stage  28 days after
sowing  (DAS) to measure  horticultural growth parame-
ters, such  as  plant height, and  whole  plant fresh and  dry
weight,

2. Shading,for difi23rent light teveLsfintensity

  A  red  amaranth  cultivar,  
`Altopati',

 was  sown  in rows
in the field on  30 May  2006, After germination, plants
were  covered  with  synthetic  shade  net. Diffbrent sunlight

levels were  achieved  under  1, 2, and  3 layers of  white

and  black neutral-density  synthetic  shade  net. The height,
of  the shading  material  was  kept at least 1 m  above  the

top of  plants. The 1O09,6 sunlight  (no shading)  treatment

was  adjacent  to the shading  experiment,  All treatments
for sunlight  level (shading and  no  shading)  were  arranged

in a randomized  complete  block design with  three

replications.  Light intensity was  measured  with  a

Quantum sensor  light meter  with  a Separate Sensor

(QMSS) from gerrnination to harvesting, Each reading
was  expressed  as pmol m'2  S'i and  converted  into

percentage of  ambient  light intensity. Temperature  -'as

recorded  during the grown period under  different

growing conditions.

3, Leofcolor analysis

  The color  parameters L*, a*, and b" values  ot' leaves
from each  cultivar  were  measured  by a colorimeter  (CS-
Sharpener, Toppan, Japan). L* measures  the sample's

lightness; a" measures  redness  (a";red) and  b" is related
to yellowness (b"=yellow). The  coler  index (CI) was
calculated  using  the equation  CI= 1000 (x) a"IL  (×) b"
(Mazzuz, 1996) to evaluate  the relation  between leaf
color, polyphenols, and  antioxidants.  The visua]

appearance  (Table 1 and  Fig, 1) ofincluded  cultivars was

classified  as  red-  fleshed (R) and  red  green-fleshed (RG),

4. Extraction ofsamptesfor chemical  analysis

  Leaves were  harvested at the edible  stage, 28 DAS
and  dried overnight  in an  oven  for chemical  analysis.

One gram of  dried leaf of  each  cultivar  was  ground  and

dissolved in 40 mL  of90%  methanol.  The tightly capped

bottle was  placed in a water  bath (Thomastant T-N22S,
Thomas Kagaku Co. Ltd., Japan) with  shaking  at 80eC
temperature. After 1 h, the extract  was  cooled  and  filtered
for further analytical  assays  total polyphenol and

antioxidant  actiyity.

5, Determination qftotatpol.vphenols
  Total pheno1ic content  in recl amaranth  was  determined
with  Folin-Ciocalteu reagent  according  to the method  of

Slinkard and  Singleton (1977) using  gallic acid  as  a

standard  phenolic compound.  Briefly, 50pL  of  leaf
extract so]ution  was  placed in a test tube, then  1 ml  of

Folin-Ciocalteu reagent  (previously diluted by distilled
water;  Reagent: Water= 1 :4) was  added  and  the content
was  mixed  thoroughly. After 3min, 1 mL  of  Na2C03

(1O%) was  added,  the mixture  was  allowed to stand for
1h in the dark. Absorbance was  measured  at 760nm
using  a (U-1800, HITACHI,  Tokyo, Japan) spectropho-
tometer.  The  concentration  oftotal  phenolic compounds
in leaf extracts  was  detennined as  micrograms  ofgallic

acid  equivalent  using  an equation  obtained  from a

standard  gal]ic acid  graph. Results are expressed  as mgl

100g  gallic acid  equivalent  (GAE) of  dry mass.

6. Anti-oxidant activi4y,  a,gsop,

  Antioxidant activity was  measured  by the diphenyl-

picrylhydrazyl (DPPH) radical degradation method

(Burits and  Bucar, 2000). Briefiy, 1O pL of  leaf extract
solution  (three replicates)  was  introduced into test tubes,
and  4mL  distilled water  and  1 mL  of  250pM  DPPH
solution  was  aclded. The tubes were  mixed  and  allowed



The Japanese Society for Horticultural Science

NII-Electronic Library Service

The  JapaneseSociety  for  Horticultural  Science

J. Japan. Soc. Hort. Sci.

to stand  for 30min  in the dark. Absorbance was  read

against  a  blank at 517nm  using  a  (U-1800, HITACHI)

spectrophotometer.  Antioxidant activity was  calculated

as  the percent of  inhibition relative  to the centrol  using

thefo1lowingequation:Antioxidantactivity(%)=(Ablank

-AsamptefAblank)X
 1OO, where  Abl,,k is the absorbance

of  the control  reaction  (control consisted  of  10pL,

methanol  instead of  sample  extract),  and  A,,.pl, is the
absorbance  of  the test compound.

7, StatistiealAnalysis

  A  complete  randomized  design with  three  replications

was  used.  Data  were  analyzed  using  Tukey's multiple

comparison  test (P<O.05) via  ANOVA  (Nagata and

Yoshida, 1997). The PC  software  
`Excel

 Statistics'

(Version 5,O, Esumi  Co. Ltd.. Japan) was  used  for the
caleulations.

           Results and  Discussion

i. Tbtal po4)iphenot and  antioxitinnt  activity  in seven

  cultivany

  The total polyphenol and  antioxidant  activities of  the

seven  red amaranth  cultivar  used  in this study  are

presented in Table 1. The  total phenolic content  was

highest, 2.29mg/100g GAE,  fbr `Rocto
 Joba' (red-

fleshed) and  lowest, 1.73mg/100g GAE,  for `Red

Queen' (red green-fleshed). The red-fleshed  cultivars
`Rocto

 Joba', `Altopati',

 
`BARI-1

 
',
 and  

`Rocto

 Lal' had
higher levels of  total polyphenol fo11owed by the red
green-fleshed cultivars  

`Rampali',

 
`Baromashi',

 and
`Red

 Queen', respectively,  The antioxidant  activity of

red  amaranth  varied  in a wide  range,  red-  fleshed cultivar
`Rocto

 La]' had the highest (12.78%), and  red  green-
fleshed cultivar  

`Red
 Queen' had the lowest (8.52%)

77 {4); 395MO1, 2008, 397

levels, Antioxidant activity fe11 in the order:  
`Rocto

 Lal'

>  
`Rocto

 Joba' >  
`BARI-1'

 >  
`Aitopati'

 >  
`RampaH'

 >
`Baromashi'>`Red

 Queen'. In comparisons  of  plant
height, fresh anddry  weight,  red-fleshed  cultivars 

`Rocto

Joba', `Altopati',

 
`Rocto

 Lal' and  
`BARI-1'

 had superior

yield perfbrmance than  the red  green-flesh cultiyars

(Table 1). Highest fresh and  dry weights  were  ebtained

from the cultivar  
`Rocto

 Joba' fo11owed by 
`BARI-1'

and  
`Altopati',

 whereas  the lewest producer was
CBaromashi'.

 The results ofcolor  analysis  indicated that

the color  index varied  among  the cultivars. The L*, a*,
and  b* values  (data not  shown)  for samptes  varied  among

yarieties  and  
`Rocto

 Joba', `BARI-1',

 and  
'Altopati'

 had
a superior  color  index tQ the other  cultivars (Table 1),
  The  results  indicated that red-fieshed  cultivars  with  a

better color  index tended to be associated  with  high total

polyphenol and  antioxidant  activity. Aside from recl

amaranth,  other  food commodities,  such  as sweet

potatoes and  sorghum,  show  a  similar  relationship

between color  intensity and  antioxidant  activity, Brown
and  black sorghum  had the highest leveLs of  freely
extractable  polyphenols (Awika et al., 2003). Similar

results have been documented fbr colored  imit and

vegetables  such  as black carrots, beetroot. red  oak  and

black bayberry cultivars  whieh  hacl much  higher
antioxidant  actiyity and  polyphenols than less colored
ones  (Bao et al., 2005; Nicolle et al,, 2004; Wang  et al.,

1997). In general, there  was  a trend towards increased
antioxidantactivitywithincreasedtotalphenoliccontent,

The variation  of  antioxidant  activity among  cultivars

was  much  wider  than  that of  total polyphenol content.

Although vegetables  contain  antioxidants  such  as

proteins, ascorbate,  and  carotenoids,  they  did not

contribute  significantly  to antioxiclant  activity in their

1

pt"

2 3 4

                          5

Fig. 1, Leufco]or o[' seven  red  amaranth  cultivars, left to right,

    
'Baromashi',

 and  7) `Red
 Queen'.

     6 7

1) 
'Rocto

 Joba', 2) `Altopati', 3) 
'BARJ-1',

 4) 'Rocto Lal', 5) `RampaH',

 6)
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TabLe 1,
 
P]ant

 
heighL

 
fresh

 
weiei.li,

 
dry

 
i-t'p.ight,

 
total

 polyphenol content,  antioxidant  
a.e.
 
tivity,

 
and

 
leai

 f.o.tor 
indei

 
ofseven

 
re.d.

 
amaranth

 
cu]tivars,

CultivttrnameCu]tivar typePlant
 height Fresh weighti

  (cm) p]ant(g)

            Totul

Dry  weighti  polyphenol Antioxidant Leafcolorindex Leafcolor

 plant (g) (mgllOUg activity {%) (CI) type

            GAE)

BARI-1Rocto

 Joba

Rocto La]Red

 Queen
RampaliBaromashi

Altopatl

 Improved

 Local

 Loeal

 Loca]

 Local

 Local-].rnproved

 -.

28.6gabc31.60c30,80c26.24abc2t26ab20.08a28,84bc44.10f49.04g38.58d30.24b34.25c23.50a41.92e5.tOb6.56d5.14bcS.Tlb5.23c3.69a6.47d227c2.29c2.esb1.73a1,83a1.74a2.28c12.41ab]2.59b12.7Sbg.52a10,ISab8,92ab11.30abt04,98fI05.71f90.68d38.56a86.49c63.87b10e.41eRRRRGRGRGR

Means having the  sarne  letter within  the column  did not  dil'fer significantly  according  to Tukey's multiple  comparison  test {P<O.05) via  ANOVA.
Leaf color  type/ R-red-fieshed; RG-red  green-t]eshed.

model  (Tsushida et al,, 1994). An  increased number  of

hydroxyl groups or amino  groups in the phytochemical's
molecular  structure  led to higher antioxidant  activity

(Cai et al., 2003). As  A. tricolor L. is characterized  by
ahigherlevelofred-violetpigmentbetacyanin(Iwamoto

et  al., 2001), we  sirnilarly  fbund at red-fleshed  cultivars

(`Rocte Joba', `BARI-1',
 

`Altopati',

 etc.) contain  a

higher level of  colorant  pigment betacyanin compared
to red-greenish  leafcultivars (unpublished data). Hence

we  speculated  that hydroxyl and  amino  groups of  red

amaranth  pheno]ics and  betacyanin enhance  antioxidant

activity, It was  previously reported  that the antioxidant

activity of  green amaranth  is higher than  sweet  and

sacred  basil (Sokkanha and  Tiratanakul, 2006). In 2002,
Sato also  reported  that tota] polyphenol and  antioxidant

activity  in amaranths  (Amaranthus spp.) were  higher
th an  or  similar  to malaber  spinach,  basil and  sweet  potato
vine,  Although some  imits and  vegetables  have an

astringent  taste attributed to phenolic compounds  or

tannins, vegetable  amaranth  has an  acceptable  taste as

it is consumed  as  a popular and  tasty vegetable  in many

parts of  the world  (Sealy et  al., 1990); therefore, red

amaranth  would  be a healthy fbod choice  fbr consumers,
as well  as a potential source  of  natural antioxidants,

namely  polyphenols.
  A  significant (P<O.05) linear correlation  (R!=O.824)
was  fbund between total polyphenol and  antioxidant

activity  (Fig. 2), indicating that phenolics were  the maj  or

contributor  to antioxidant  activity  ofred  amaranth.  This
was  very  similar  to many  other  plant species,  such  as

fruits, vegetables,  and  medicinal  plants (Cai et al., 2004;
Soong  and  Barlow, 2004; Wong  et  al., 2006). Phenolics

enhance  antioxidant  activity  due to their reclox

properties, which  allow  them  to act  as  reducing  agents,

hydrogen donors and  singlet oxygen  quenchers <Rice-
Evans et al., 1996). A  highly significant  correlation  (R]
=O.9361,  P<O,05) between antioxidant  activity and  total

phenolic content  was  also  reported  fbr red  cabbage

(Karadeniz et a]., 2005). Thus, the antioxidant  activity

of  red  amaranth  is due primarily to its phenolic content,
which  can  be used  as  an  indicator fbr assessing  the

antioxidant  activity  of  red  amaranth,

   A'onE,8-n..tuggg

 

'imbV

3.00

2.50

2.00

1,50

           5.00 10.00 15.00

                  Antioxidantactivity

                        (%)

Fig. 2, Correlation ofantioxidantactii,ityandtotalpolyphenolcontent

    in ]caves ol' seven  red  amaranth  cultivars.

2, llt)Flaet of sunlight  level on  total po4}phenol and
  antioxidont  activitv  accumutation

  The use  of  shade  netting  may  induces changes  in the
microclimate  other  than light quantity alone.  In this
study,  white  and  black shade  net  was  used  in single,
double and  triple layers; thus, plants under  shade  absorb

different wavelengths  and  light quantity that conse-

quently affect light quality. The mean  temperature ",as

29 ± 20Cduringthegrowingperiod,anddifferenceswere

found among  the shading  types, ranging  from 240C

(shaded by triple tayer black net)  to 280C (shaded by
single  layer white  net).  Under single, double and  triple

white  shade  net, plants receiyed  64%, 55%, and  42%
ambient  sunlight  compared  to non-shaded  plants, and

using  single, double and  triple black synthetic  net.

ambient  light was  50%, 31%, and  17%, respectively

(Table2), Shading affected  the total polyphenol content
and  red  amaranth  grown  in fu11 sunlight  (1 O096) without
shade  had a  significantly  greater accumulation  than the

17%  (triple black net) to 64%  (single white  net)  shading

treatments  (Table2). Like polyphenol accumulation,

antioxidant  activity in leaves under  fu11 sunlight  was

significantly  greater than in shading  treatments.

  Total polyphenols were  significantly  higher and

antioxidant  activity  was  more  than six-fold  higher in the
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Tab]e  2. Tota] polyphcnol and  antioxidant  activity

      sunlight  levels.
in leaves ef  red  amaranth  cuJtivar, 

`Altopati',
 at ditTerent

            Sunlight ]evel/lntensity
Growth  condition

               (prnol m'i  S':)
Ambientlight

   (%)
Total polypheno] Anti6x{dant activ/iff

(mgtlOOgGAE)  (%}
OpenSingle

 white  net

Doublc  white  net

Triple white  nct

Sing]e black net

Double  black net

Triple b[aek net

12357S967851861S382203100645S42so31

 17

2.54d221c2,L8e2.05abc2.14bc1.99ab],88a11,74e9.81d8,22cd4.12b7,57e3,67b

 1.72a

Mcans  having same  letterwithin the co[umn  did not  differ significantly  aecerding  to Tukey's multiple  eemparison

test (P<O.05) via ANOVA.

Fig. 3,

E2ftEn.o-
Apt<oooo9boffv

3.00

2,50

2.oe

1.50

(a)

             O 500 1000 1500

                    Lightintensity

                    (vmol m-2  s-i)

 Relutionship bet-･een/ (tt) sunlight  lcve]s and  tota] polypheno],
"Altopati'･

.bs.--ues-:

 geTv.T-x

tT･

15

10

5

o

       (b)

          O 500 1000 ISOO

                  Lightintensity

                  (pmol m'2 s-i)

and  {b) sunlight  tevels and  antioxidant  activity of  red  amaranth  culLivar,

leaves ofplants  grown in fu11 sunlight  (light intensity-
1235pmol m'i  S'i) than tripte black net-shaded  leaves

(203 pmol m  
2
 S 

i).
 Reena  and  Kalidas (2005) also  found

that total phenolic content  and  antioxidant  aetivity  in
1ight-germinated corn  were  almost  three-fold  higher than
in dark-germinated corn.  The results  of  this study

suggested  that plants grown under  average  temperature,
29± 2eC and  without  shading,  accumuiate  a higher
concentration  ot'  polyphenols and  antioxidants  than

plants grown under  comparatively  lower temperature
and  shaded  conditions.  The deereased production oftotal

polyphenols in leayes grown under  shade  is probably
due to reduced  stimulation  of  phenolic production by
light (Islam et al., 2003b). Logan et al. (1998) observed

that fu11 sunlight-grown  plants (Cucurbita pepo L. and
P7nca mcu'or  L) had considerably  higher activities ofleaf

antioxidant  enzymes  and  superoxide  dismutase, than  of

deep-shaded plants. We  suppose  that the greater
activities of  antioxidative  enzymes,  availability  of

carbohydrate,  and  more  photosynthetie ecaciency  ofred

amaranth  plants grown in fu11 sunlight  enhanced  the total

polyphenol contents  and  antioxidant  activities more  than

in the shaded  plants. Total polyphenol content  and

antioxidant  activity increased proportionally to the light
intensity (Fig,3a, b). The R2 value  indicated that the

sunlight  level or  light intensity has a strong  role in the
aceumulation  of  phenolics and  antioxidants  in red

amaranth.  We  also  found positive and  significant

cQrrelatlons  (R2 =O.8806,  P<O,05) between the total

polyphenols and  antioxidant  activity from  shade

treatments. Ditferent light levels also  affected  the plant
height, number  of  Leaves, leaf size, and  fi/esh and  dry

yield (Table3), The plant height under  1OO%  sunlight

(27.08cm) was  37.3%  higher than that of  plants under
triple black net  (1796), and  plant biomass under  100%

sunlight  (4.94 gfplant) was  94,3% heavier than that under
triple black net; therefore, it can  be noted  that different
light intensity had a significant  efTect on  the

accumulation  of  total polyphenols and  antioxidants  as

well  as on  yield in red  amaranth.

  Collectively, our  data emphasize  that 
`shade

 treatment

differences' for antioxidant  activity were  greater than
`cultivar

 differences' (Tables1 and  2) and,  in this case,

polyphenol variation  was  more  or  less similan  The
variation  of  antioxidant  activity among  cultivars  was

1.5-fold, whercas  6,8-fold variations  were  observcd  in

shading  treatments. Compared with  polyphenols, the

levels of  antioxidant  activity by other  phytochemicals
ofred  amaranth  appear  to be more  sensitive  to growing
conditions.  It was  reported  that plant antioxidants  vary
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Table 3.Effect of  shading  net  en  the morphological  characteristics  of  red  amaranth  cultivar. 
'Attopati',

Growth parameter
Growth  condition/ambient  ljght p]ant hcight Stem length

                       Ccm) (cm)
Leat' length

  (eln)
Leaf svidth

  (cm)Fresh
 weight/Plant

     (g)
Dry weight/Plant

    (g}

Open(100Yk)

Sing]e white  net  (64%)

Doubte v"'hite  net (55%)
Triple white  net  {42VA)
Single black nct  {50`va)
Double black nct  (31%)
'Friple

 black net  (17%)

27.08f25,11e23.54de22.06cd21,49c19.09bL7.00a15.86e15.09de14.09cd132013,09ec11.39b9.96a7,10c7.08c6,43b6.40b6,09bS.18a5.16a5.33c5.18bc4.9Sbc4.86b4.8eb3.49a3.30a30.37d27.36d20.30e15.07b13,43b

 7,94a

 S.58a

4.94f3.72e2.S7d1.16c1.08cO.56bO.28a

Means having the sarne  letter within  thc eolumn  did not  difftir signillcantly  according  to Tukey's multiple  comparison  tcst {P<O.05> via ANOVA,

due to air temperature, light intensity, harvesting season

and  genetic factors (Tarnura, 2002), Hence, antioxidant
activity  varies  in red  amaranth  due to influences of

cultivar  variations  as well  as temperature and  sunlight

]evel.

  Thus, data from the current  study  support  the

conelusion  that red-fleshed  cultivars  of  red  amaranth

tended to be associated  with  high total polyphenol and

antioxidant  activity. The  high amount  of  betacyanin in

red  amaranth,  which  gives its deep red  hue, enhances

antioxidant  activity  al ong  with  phenolic compounds.  The

significant relationship  between total polyphenols and
anti-oxidant  act{vity indicated that total phenolic
contents  can  be used  as an  indicator for assessing  the

antioxidant  activities  ofthe  vegetable  red  amaranth.  As
a potential source  of  natural  antioxidants  red  amaranth

is a healthy food chojce  fbr consumers.  The results also

indicated that growing red  amaranth  in fu11 sunLight

enhances  the  accumulation  of  total polyphenols and

antioxidants.  The  combination  of  cultivar  variation  and

responsiveness  to specific  growing conditions  can  create

oppertunities  for the  production and  processing of

vegetable  red  amaranth  with  improved antioxidant

propertles.
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