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for development of new food products
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SUMMARY

I. Title

Application of pseudocereal Amaranth and its valuable components

for development of new food products

II. Objective and Significance

Objectives of this study were to reveal unique properties of new crop
amaranth, and to develop a value-added food products. The relatively high
protein content, waxy starch with smaller size, and large amounts of
squalene in seed oil may offer unique opportunities for the commercial
exploitation of amaranth. For effective utilization of amaranth grain,
processing technologies and potential uses as protein and starch source
were studied. Also functional and nutritional properties of grain amaranth

cultivated in Korea were investigated.

M. Scope

1. Development of value—added food products using amaranth
- Lipid properties of amaranth grain and prevention of its oxidative
deterioration
- Development of cereal snack with popped amaranth
- Production of high protein amaranth flour

- Development of high protein food and amaranth beverage

2. Food applications of amaranth starch and flours processed by various

methods

- Characteristics of starch and flours produced from amaranth



- Application of starch and processed flours from amaranth

- Food products using amaranth flours

3. Composition and nutritional properties of amaranth
- Useful components of amaranth grain cultivated in Korea

- Compositional properties of processed flours from amaranth

- Functional properties of amaranth cultivated in Korea

IV. Results and Recommendation

1. Development of value-added food products using amaranth

Amaranth grains have various attractive features that are high protein
content with favorable amino acid profile, high mineral content, and
popping properties by unique cotyledon structure and high lipid content.
To develop value-added food products using amaranth and popped
amaranth, compositional changes by popping were studied, and cereal
snack with popped amaranth were developed.

For preparation of popped amaranth, hot air popping were most
effective and 5~6 times volume expansion were occured. Compositional
changes by popping such as sugar content, fatty acid and amino acids
contents during storage were analyzed. Creation of unfavorable flavors and
mild oxidative deterioration in popped amaranth were detected after the
storage at 60C for 60 days. Application of coating materials to prevent
oxidative deterioration in popped amaranth were effective. Popped
amaranth coated with 12% shellac solution had lower values of conjugated
linoleic acid, anicidine value, and TBA value. Cereal snack(Kang-Jung)
was prepared from popped amaranth and sugar syrup containing sugar
and thickener. Various formulations of popped amaranth, some cereals,
nuts and dried fruits were tried to improve the taste.

Production of high protein amaranth flour, and development of high



protein food and amaranth beverage were investigated. High protein
amaranth flours were produced by enzymatic treatment and size
fractionation and can be used as dry milk extender in soup, bakery and
milky beverage etc. Amaranth beverage were produced by formulation
with amaranth extract and drink ingredients. Starch hydrolysis treatment
before extraction were needed for production of amaranth extract for
beverage. And complete emulsification in formulation and tightly controlled
process in retorting were needed for stable shelf-life. Formulation of
recipe for amaranth beverage and improvement of taste with flavorings
were examined. The quality and taste of amaranth beverage were

improved by addition of rice extracts and flavorings.

2. Food applications of amaranth starch and flours processed by
various methods

This study was performed to develop processed foods using amaranth
starch and flours. Amaranth seeds was defatted(Def), germinated(GM),
roasted(RT), popped(POP) and extruded(EX1 and EX2). The water binding
capacity of POP was the highest(740.3%) and EX1 was the lowest(38.5%).
Amaranth flours showed A-type pattern on X-ray diffractograms, but the
crystallinity was disappeared in POP, EX1 and EX2. The transmittances
of RT, POP, EX1 and EX2 were higher than those of others. The initial
pasting temperature of amaranth flours by RVA were 68.1~73.0C, the
peak viscosity of GM and RT were 316 RVU and 401.1 RVU,
respectively. The effect of NaCl salt on the water binding capacity was
studied. Addition of 0.2M NaCl enhanced the water binding capacity of
amarath starch and raw flour but decreased those of other processed
flours. Amaranth starch was very stable for freeze-thaw cycles but
amaranth flour was different as processing method. Juk(gruel) and

Injulmi(waxy rice cake) were prepared with the mixed flours of waxy



rice and amaranth (20% of waxy rice flour). After cooking, the viscosity
of Juk made of extruded amaranth blend was constant and the viscosity
of them was the lowest value in sensory evaluation. Lightness of Juk
made of RT blend had the lowest value of 5.31. There were no
significant differences between the samples in overall quality. In the
textural properties, hardness and adhesiveness of Injulmi made of
amaranth blends was increased with storage time while springiness and
cohesiveness of them was not significantly different. In sensory
evaluation, the quality of Injulmi was not significantly different except

smoothness.

3. Composition and nutritional properties of amaranth

Nutritional quality and their some variance of amaranth seeds(various
genotypes) cultivated in 2001 and 2002 in North-West Kyonggi-do, Korea
were investigated.

Protein and beneficial mineral content in amaranth seeds were more
highly than conventional grains. Protein and ash content in amaranth
seeds ranged 13.0~17.2%, 2.6~3.3% respectively. Especially Ca(1450~
2296mg/kg) and Fe(65.5~84.4mg/kg) investigated were 25, 15 times
respectively more concentrated in amaranrh seeds than in conventional
grains. The protein amino acid composition of amaranth seeds were
excellent food source and showed in general that amaranth contains high
levels of sulfur amino acid and lysine. The lysine content in amaranth is
higher than the corresponding values for conventional grains. Amaranth
seed has the components called squalene and alpa—, gamma-tocoperol and
alpa—, gamma-tocotrienol(especially alpa—tocotrienol about 14.2~17.8ppm of
the seeds). Total polyphenol content in amaranth seeds showed 2.4 mg/g
in normal seed, 6.7mg/g in germinated seeds. Total flavonoid content

showed 1.lmg/g in normal seed, 2.0mg/g in germinated seeds. DPPH



Quenching activity calibrated with BHC(unit ppm) showed high in
ethylacetate extraction layer, in black seeds, and in germinated seeds.
Conclusively the grain amaranth cultivated in Korea have good potential

as a food source because of excellent nutritional quality.
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Table 1. Composition of grains(USDA & National Research Council)

Grain type Prootein Lyosine Carbohydrate  Calcium Iron  Phosphorus
(%) (%) (9/1009) (me/100g) (me/100g) (me/100g)
Amaranth 16 0.85 0.63 162 10.0 455
Corn 9 0.25 0.74 20 1.8 256
Rye 13 0.40 0.73 38 2.6 376
Buckwheat 12 0.58 0.72 33 2.8 282
Wheat 10 0.35 0.71 41 3.3 372
Rice 7 0.27 0.77 32 1.6 360
Milk, human 3.5 0.49 5 118 trace 93

o olul#HAE Ca, Fe, Mg 5 F712& v#F gista 9o Fegdd Ui
o} 4uf) = FEAAG A AFHA AW ZE F52 A (vehicle FH-8) &
T By Ed A3 EmEE, v WHaA

7] e %“Jﬁ‘r A T ol 8% V1A Addel x3E s A 9t

o B3 ofulgtae] AFrule FA 034% F AW 46~8%°] e



o ofmigk2zol FH¥ betacyanine 7|2 #4249l amaranthine2 H|E°] A
Zx(betanine) 9t A 75 A MazPgoR 1 AETAIE w9 & FD&
C Red No. 40 & 45 289 fsigdo] HuswA <

0

4 3
S FA7E ol n glomz ojubgizel F4E WA AL A4 o §

o dA "= Pennsylvania®l o}nfgkA~AT-A, Guatemalaol] ofnfgs A4
7} dgEo] FEMFE B Alse] 3, 2 e AA 2 AE e A
z @3] A7 18 =9 Bressani, 1990; RRC, 1990; Lehmann, 1990).
= 2 FHAGY I, 5Y, HEHE SolA e ofmpgkzol gk A Ea
M7 veal lom A el Hxp SrbE AR Fo R FESE A =
FA 9 (Dobos, 1992; Lee 1994; Allos, 1995). 9AHA1 Fdulol & =7}

FHEIFERZ Bo Ex7) A&

g gAYl e AS7)7r T e
S5 1/2~1/3
EfztEoll Hls] HdEFEFo %%. L3t foragedl FL7H7F o) silage EE
—‘?’d’%o]%(pellet)@] gk A7 v R el A AlFH A lom Algw
& o 75 A4l i 1l S5 silageR ™ ¥ 5 Aow <

A3 9)\%(Lehmann, 1990; Dobos, 1992; Allos, 1995; RRC, 1990).
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2

H 3 & A7l sdfs 2 21

A1d Az R TH

2. 12 7t A ofntd: £ A=

oflnf#~E 7Z}7} ©-X|(defatting), ol (germination), roasting, popping,
H=4 ¥ (extrusion) AF F mpafjste] EES Azt sheA st
Al g ofmtE s FA-F (A 2)-vk (food mixero]-&)-45714 A el
I F A RE AREEUT. EA AlEE obutgrAE FA- (40T, 3
A1ZE)-ub (40 W4, pin mil)3te] £23}3F U5 hexanelo & ©A|35}o] A
Z3tn. wol Algs e wold e Eol Al oHRAE Fi ofvigAaE
U T AE 49 F271(25T, 28)olA dotA A WolE ofwigk s
7hEA e e A @2 ARt 2 WHoew sttt Roasting A&
olut@2E FAH-AZMU0TC, 3A17H)-roasting(170C, 10%, AL #27],
=< PROVAT)to] Alz3kltt Poppings 71E 5 W 2o #A4%
oln}&#~Z hot plate popping A At} platedl A E= & w25 E 585
popping A Zth.  Popping® A& Al miafste] Ao T F Alnm

Agaar. GEAEe $UF 45 FEYY/N(THK-3IT, B304, @
H)E Agete] FRUbR] BE xAow 23R ARE AxdAn

et 2o wyow wislshl
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=
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e
™
)

=9 A=

ofutet~ TS 0.25% NaOH &Ho] A & EAqci=2 v st vt
Ak AlZ= 45, 100, 325 W4 AE Az SHAANA HFHA =S T
gtk ©1S 7,000 rpmelA30 FE WA skl EelE AR E

oo i mXN
lo
L
=
i}
ol

2 AAsD HeAwgel e 22 WX 025% NaOH
WA AEe Belagt e ARe 4o 2 WA IN

HCl®2 F3pA 7t Aol A2 HA2olA Axd 5 mhafiste] 100 w1 Al

membrane filter= of ¥}t
t}. HPLC+ JASCO PU-980& *
11(4.6x250 mm), H&7]1= RI HZ7](JASCO 1530), & "= 78% acetonitriles
AF-&-3F AT

T obH Ak ol At AEEAV|E BAS e, 7F Alme] disA 3
THE rol(dut opr At BA48 A 2E g ERER AFE)HA S
Atk Ax AEE A7 1.86 mg¥ EF5ta 7l s AAls AT ARk of
H = 2ES 10Tl A 24413F QAF 7hital] AlHow, Al~'l Z7Fg flaA =
peroxidation AlZl & A4t JheEESAIAETE EHER 4SS fEiAE
methanesulfonic  acid=  7Fe&Es] AT ZhEEslE opbv|eqbS
PITC(phenylisothiocyanate) &2 FE=A#3A 71 & A 82 A8 ATZAA 200
uLe] HPLC |u(A)d =9t} olE 4% 2 2 045 um membrane filter=
oA 71 FA NS FH3Fe] HPLC(Hewlett Packard 1100 Series)® 493}
AT

R
i
jail}
rlo
=

-

439 e MC-Pack Polyamine

i

=Hor AE FEshal 40Ceolst

=3 =
= -
A fulE IFTAIA AL FAL ARES AxdAen AOCSH(Ce
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F713 A4S st ARES 247 dueE Azl $F 560T 9] 3]st = e
A B A AT 3 EAIZ] 3 el AAks FTbske] &EAl7IaL vA] A RS
2 A83 & ICP (Jobin Yvon 38, France)® ®213}o] Ca, Fe, Na, P, Mn,

Mg, K, Zn 59 $3< S4390

5. d=3td=e £4

ofmpgk ol HFlojlwlFAE 1M NaOHZE  Fo]  Lvtge] F&49
hydroxycinnamic acids(p—coumaric aicd, feulic acid)®] %<& T3t}
S50um3a 7|2 22 ofolulgtxol HlolulHAAE 10mgS FHshe] 500ul, 1M
NaOHell =the AaF sk 20ToA 16417 AT o] FE5S
13000 rpmel Al 15&7F A Ze 3 5 ds FHstA L obAEAE 200ulE ¥
o pH 322 A3t AZH o] ARE & oEoAHc]ER 5 vHES
A0S FEEES Fol AdFEIE AuAAFT 50% e 0.5mLel

=1
o] HPLCZ ®A35F4 ).

Ad 54 4
A5 23 E Bligh and Dyer o2 AWE F&31 F59 Ao EAX
S AR AR 5 g(Wpoll st A gFe] &S aeste] 80%9 =+
B FHAESE FTRTE HUEsEAT A7) chloroform-methanol(1:2 v/v)
75 mLE 7Fe § 383F e AR v o el Homogenlzeri’“ 71
9 Al&ol chloroform 25 mL& 7Fgh § thA] 3&3F d @A F o Ao
oA st o Zr]e] 25 mLe] TFHFE 7He F Y] A4S BT T}
il S50 = F 18NS AXAA FE EYAFHT A77A &l
} chloroform : methanol : water®] ®]7} 2 : 2 : 1.80] ¥ =% & th
Zo] g5 o) 9 chloroform%< sodium sulfate anhydrousE %34 7
GA AT F3E chloroform3< "le] &S 73 F7]o] ol At w5
2 FEAN T ARERE AFESAT Tl FTAb7E AOCSH (Ti-1a-64),
ol Al 7= AOCSH(Cd 18-90), TBAZH= AOCSWH(Cd-19-90)o.&2 #4138}

gdow AAF B4 A3 (Aromascan ple) = A A 6T

i
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7. FEEAE 57
ofmbgts  2de]  FRIHEE FEIA
HUMITAT-RC)E |83k =743}3]

oR Wi @ FRINER BAAT

=4 7] (Novasina,

T3te] 100

ol
o
3
o
\S)
a1
a
=
R
1o
ox
=
)4
k1
Gl

8. 1o 239 Ax

ofrt#~E 05me AE 7]$ Cyclotech sample millS Ab&3te] 3%
om dHo] wFHyE FES AxsH7] flste] Ao o FEHMHIY g4

LAl S AFESEA T A gk FEH S standard sieves (diameter 20cm,
60~325mesh)E Z7|H =2 vjgd3d ¥ Ro-Tap sieve shaker(W.S. Tyler Co.,
USA)°ll 2betal 2-4A13F &<t A Aste] ofntgb~ 775 F98. &4

w2 Lopez 2 Wil mah AAel

ARE AFe7] Aol BE A8 mixeroll wA dobd Alm &7]d 2o
& 5 g 2 A3 thg 899 hexane(40 mD<
gol 24A12F )t A2eA w7l E o] &3te] 120 rpmOE uRE Al 7] A
F=olqlth. o] filter paperE® ©]-&3dte] oAHAIZ Fo] FENo Euf A
A& fll hoodoll A 2A|7bs<t A&, ofe tA] 28] s &WE
do] MZES =9l H o] HPLC(Thermo Separation Products AF, USA)E 9]

838kef Table 29 wX o= w483l

O
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Table 2. Conditions of HPLC system for squlene analysis

column silica gel column(packed column)
mobile phase hexane(100%)

detector UV 215 nm

flow rate 1.0 mi/min

injector auto sampler

injection volume 10 44

U EFEE EFEE 4

Als 20gs AZET~T0 ¥l Hexane 100méE &3sle] 3084 33
sonication ¥ § o3&t 40T A4EFH § FE2ES Hexane 22 o}
Al ol 50mlZ s]Astar AdA] BE & of3gk & HPLC(Tsp, USAE =
gal3itt. Standard &> MerkAFellAl 9 (alpa, beta, gamma, delta
Tocopherol, tocotrienol)dte] 87425 &3 3}e] standard solutiono= A}
£33tk Column

hexane:1-4-dioxan(96:4), Flow rates= 0.3 ml/min, Injection volume<

Silica column(4.6 x 250mm), Mobile phase+=
0.5ul Detector= Fluorescence(excitation wavelength 295nm, emission

wavelength 330nm)Z71 o2 &}t

o wlER e

HI BRI 2 235322000l = BB &40l Fako] 483l

2}. & Phlyphenol % flavonoid % 4]

A= 1gell 80% MeOH 50mls 7t 80C F&4ol A 3753053
S 3™ whESka 40Tl s SFstel dxANS &5 S5kl 50%
MeOH 5ml& reconstitution 3 T ¢4

polyphenol®] 7% 10ml flaske]l ImlE& 231 Z7F5 3ml ¢

ShiA
Ak
ol
ol
s
oy
offl
e
o
4
ol
ol
2
i
ofj

mess
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folin-reagent 1ml& ¥ 2% 3&83F WA 3 & 10% NaCO; Imls ¥ A
3kal thAl 1AIZE B WA & 725 or 760nmel A FAE Ao REE
A& tannic acidg 7o Z &9tk F flavonoid ¢ A% A5 1mist
diethyleneglycol Sml& &&3% & IN NaOH 1mlS 7}3txz &3tsldcot. o
o] 37C incubatorell Al 1A+ Wx] & vlZ 420nmolA HA3FR o x

A2 ruting ©] &3t

10. DPPH Quenching activity

AlEE 10g 2o} 80%MeOH=Z HA3to] 3084 33 253 F&
(Sonication)dt1 o™ No.2 A#HAZ of gt & FotEs7 ¥
3}ttt ©]& Hexane, Ethylacetate, Rest(Water)® Z}Z} R H&le] =31
218 dry ovenell A Wdste] 7} £ o] &5 SAAUTH

7t FAFos2 HE 20mgs FHd 1ml EtOH(10% Hex/EtOH)ol =<1 F
0.2mlell 0.IM Phosphate buffer 2ml (pH 6.5), EtOH(1™2ml), 4x10 ‘M DPPH
€4 (0.8~1.8mh<s i sttt BHTE 5. 10. 25. 50. 75. 100. 500ppm
TE® A REEAIA 30&-EeE WA G - v AR 526nmel A S (5%
=9 #Z4)3Fth. DPPH Quenching Activity:s= ZF §%=¢ BHTY %%
BHO)Z #F&=ds vl gvtel 2Hdske] tie-st= BHCs =2(ppm) EA|s)
AT

t
AN
S
@]
£
=
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7t B3 ofmtF 2o Ax F Pz A A& W)
1) B3 ofntF 2o AZ
olrt& 2~ = open pan©l A
Rom 170 T o] 125 3
AR = 3 A s S o] 8
st $4 9 vzt T n 5
g Ao R YEYTH & 3. 2 ofube s T4 5 kgM S 32 AstrleA st
9 3} -8 (expansion rate)= Hl L3k Aolt}, 7t ﬂ“ Y stgo] frAkstaL
+

A om At FU) BPEE 23

= X

>
r\i.l
#

Table 3. Volume changes and expansion rates of amaranth by
popping

amaranth popped amaranth )
expansion rate
(ml/g) (ml/g)
popping 1 1.27 6.64 5.21
popping 2 1.27 7.04 5.26
popping 3 1.20 6.90 5.44
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2) W3} olntgze] HE W3}
Boh A Auk opvhes B FR FFS 1060 6B B F 650

%2 FAHAT DA, AW, FePe FFe E 49 2ok 53 AP
FFo gart Ao RUPFE FasE A0 et

Table 4. Proximate composition of amaranth and popped amaranth

amaranth popped amaramth

Moisture(%) 10.60 6.50
Protein(%, d.b.) 15.41 16.50
Lipid(%, d.b.) 9.17 6.63
Fructose 0.11 0.09

Glucose 0.16 -
Sugars  Sucrose 1.82 0.83
(%, d.b.) Maltose 0.35 0.12
Raffinose 0.93 0.41
Sum 3.37 1.45

3) B3t 7} ofmf@ 2] ofW| =i A MR I

ofupgh~o] F opm Ak FEFS W3t d 1135 mg%, B3 $ 1101 mg%
24 2 27 JdElA] &gkl ofnl#k2ol roasting, popping 5 & A €
oful:=Ake] A WA WS VAo E Zom dF By u jlon

rr

2 A AgeTdMe 29 19 2. A3 A5l el Aol
7F i opr=abE CYS, ARGeI1e™ PRO, TRP, LYSE 4 Hasgle
1}

U st Q18 ojuli-abe] Al Ashi wokd o w et
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Fig. 1. Effect of popping treatment on amino acid composition and
content(mg%, dry basis) of amaranth (upper) and popped amaranth

(lower)
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4) B 3A g7} ofutF 2] WA FFo M= IF

ofmigk e} i slolulgh o] ¥l&= A4S hydrocinnamic  acidsH¢!
p-coumaric acid®} ferulic acid®o] AEFEHUow = hakol wme|e] =Wt uj
of, 2o w7t #ArRTH= wotov Ak wujel= v =gk FEo|flnh A=
Z o2 oflntekAaE 58 mg%2e p-coumaric acid®} 14.2 mg% 2] ferullic acid
2 93} opnlgtAE 6.7 mg%e p-coumaric acid®t 17.1 mg%e] ferullic

acide ot A= YeEluth(d 2).

o

o 5
8 5 3
o 9 & S
o 3
2.0E+05 g 3 £
) 8 £ E
£ 3 » 2
1.56+05] 3 )
© =
3 g
1.0E+05- 2 g
a
5.0E+04 ﬂ ﬂ
8-0E+0% 10.00 0.0 ' ' 30.00 70.00 50.00 50.0pmin]
4.0E+04]
3.0E+04 © )
2 L
2.0E+04 g 2
3 2
H Q
1.0E+04 4 j\
0.0E+001] Y B
5.0E+04 10.00 20.00 30.00 70.00 50.00 60.0pmin]
4.0E+041
3.0E+04] © S
2 L
2.0E+04 g §
= Q£
1.0E+04 3
Sl
0.0E+00- oL
16.00 20.00 30.00 75.00 50.00 50.0pmin]

Fig. 2. The phenolic acid composition and content of amaranth(middile)
and popped amaranth(bottom)
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.ookrt@ad 4 54 2 49 24

1) ofvtdE Ao 54 2 A7} oputdze] XA EAA v IF

ofupgh ol w3} ofmpgb o] A WAE xS F 33 Frh ofmpghxo] A
WALe oA A o &2 palmitic acid, stearic acid, oleic acid, linoleic acid,
nervonic acidso.®2 A=A ofutdAE 170C o] /9] iLZelA st A
7S 7% palmitic acid, stearic acid, oleic acid, linoleic acid: <7}t L
nervonic acide #Astda U A A WAk 24 A WA &gk w3
ofppterAE ASIAZ S W EspAEARe] o s} A akel wlgo] 2t
Skt

ofupgkxol dstotutgraE 60TColA 6043 AdeAe w ofwpgh22

o
m
b~

h=]
=

7% palmiic acid, stearic acid, oleic acid, linoleic acid® Z=7}8t3 L
nervonic acid® ZAsRa YA A WAk 24 ZA HEEH] o I
3} ojmlgk~E= stearic acid, nervonic acidie =7}l 1 oleic acid, linoleic
acide #AstA v x] Ak 248 FA HEkA] gkokth L3 ojupgh s
o W3} ofwfeA~F 60TCA 60€3t AFatds vl 23} A Aake] g &
Z3} AAEe] vl o] ZHAasiion O A E2 opmpgr vl E AL o

At

¢

_36_



Table 3. Changes in fatty acid composition of amaranth and popped

amaranth during storage at 60°C for 60 days

after storage

before storage .
(60T, 60days)

amaranth  _POPPed o oranth  Popped

amaranth amaranth
Myristic acid C14:0 0.16 0.16 0.16 0.15
Palmitic acid C16:0 16.80 17.33 17.39 17.37
Palmitoleic acid C16:1 0.16 0.17 0.12 0.19
Stearic acid c18:.0 3.10 3.37 3.37 3.66
Oleic acid c18:1 26.55 29.77 29.92 29.50
Linoleic acid c18:2 34.43 36.71 37.62 36.20
Linolenic acid C18:3 0.56 0.59 0.65 0.61
Arachidonic acid C20:0 0.71 0.77 0.79 0.83
Eicosenoic acid C20:1 0.24 0.29 0.30 0.27
Behenic acid C22:0 0.32 0.36 0.35 0.34
Lignoseric acid C24:0 0.06 0.30 0.32 0.28
Nervonic acid C24:1 16.91 10.18 9.01 10.62
Saturated FA 21.15 22.29 22.37 22.63
Mono unsaturated FA 43.86 40.41 39.36 40.56
Poly unsaturated FA 34.99 37.3 38.28 36.81
Unsaturated / Saturated 3.73 3.49 3.47 3.43
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2) AT obutds L W3} opuldag A 54

ofulghss} sl olebgraE 0T 60U A4 f;a% el A 54

ojth, Hgk ofmpghx9l W3l ofmpA~E 60T A 60U7E AsAES W &

O

HAE7= °}”}%f—*€ Be} RS
| A3lE o] QA EE AEE e Ha
Wy} ofmteA2~E 60T A 60L7H

F %% ddstol=FEe F
& vebith E3 oboheizg
AFAE 0 Foo T Frhehsint,

TBA 7h& olvletsg BatAAS o)
of atsiElo} Ay AR A

el ol ARRAF A
Fhoknd shgEel ol Frhstu

&% etk E obvhgiast BstolrigiaE 60TAM 6027 A%
2 v TBAZN= Z7halsin.

Kol
=
E x
h

Table 4. Changes in lipid properties of amaranth and popped
amaranth during storage at 60°C for 60 days

after storage

before storage .
(60T, 60days)

oil from oil from oil from oil from
unpopped popped unpopped popped
amaranth amaranth amaranth amaranth

Lipid(%) 7.97 6.49 7.97 6.49
Conjugated diene(%) 0.31 0.43 0.34 0.53
Anisidine value 12.77 42.50 6.60 4717
TBA value 0.03 0.05 0.04 0.05
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3) olvtd =9l B3} ofmtF29 Fr] EH F JtE AF AUt AA=
Y

ofnpgh2o} sl ofuted g S Fo 1 FE AAIE v
A= 29 33 2o B3} ofvl@k A~ nutty flavor. pop-corn like flavor”h
ZAsto] ofmpgho] Fwlel= gdAd] xol7b W om(QF 3.8) 609 7HEA G
Foll= AFH FEFo] YEuith

y u PUFF DB
Iy 0
B“- o] et AR el
e o FUFFH) D34
Op
b Mt + R DBA

-12E-
1] M

-[I.d- | | | |

-13 -0F -0& -02 WD 02 be 0F 13

PCAT=08.22%

v RlWh0 064

Fig 3. Flavor discrimination of amaranth and popped amaranth using

electronic nose
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4) ¥Hzde 4% 29A A

O R YA (Shella)E A e Ro] AelsA gk Aol s AP
o] Eslth 60TelA 6097 AAd An ZHAE A o] Ak
o Aol WE olrhekrai FoFabsl oUW b Sgrom TBA 7he
Aol theh A 9k Wk ovhli Folol At ohAHIL, TBAZ
R 2o e JEUATHE 5).

Table 5. Lipid characteristics of unpopped and popped amaranth

treated with coating materials

after storage(60C, 60days)

oil from unpopped oil from popped

amaranth amaranth
Lipid(%) 9.31 7.82
Conjugated diene(%) 0.28 0.52
Anisidine value 5.03 6.41
TBA value 0.040 0.018
Al zdg 2EA Aexzds AAs7] S8kl 5-20% 9 A2 =
et Ay 2% FE7F Hgol wa Ak 2

HA) =Y Zﬂ g 10%¢ EFZAE FFH(a-, B-, v, 8 1, 42
oA wae b ket
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. AR ofnta A A9 AE A

HA B, AY SO IR TFel 2% 4Y F A0 Pt opvia
2o BEF 824 543 2 ogdE AFoly Bz

AR 2Ae WS FEQA SUA Kojel et Bl Hus
ol 4B Az ofvtwas Jg PARY BAFE JEEsh
7 AF AE oW, H2AE neste] 2Ystnt

B3} ofubek 2~ 200gS VIFEoRE BN AY EFAQDS HUtste &
ek F AP EH rollers o] &3t %

o] Fxot a2 s H9ote 8T 2o £ 6ol= W3} opmp s
7.

A Ags= 1w g A e dA slEelAT APl oA skt 2
W) A (R DE AEe dojiht mAE dwe] Baezon 3
e} EF A Al

Table 6. Characteristics of cereal snack(Kang-Jung) prepared from
different ratio of popped amaranth to sugar syrup ratio

amaranth Sensory Properties

Molding Appearance

- sugar Sweetness Hardness Adhesiveness Crispness
1: 1 difficult shapeless - - - T
1: 2 poor broken + + + F++
1: 3 good favorable +t ot . -

) shaped

. good
1: 4 good Shaped ++++ ++ +4++ +

+++ : high, + : low
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Table 7. Formulas of cereal shack using popped amaranth and sugar
syrup

Type | Type |l

Seed Popped amaranth 200g Popped amaranth 200g

Corn syrup 5009

Sugar syru
g yrup Sucrose 100g

Sugar concentrates(72°Bx)a) 200g

3 prepared from sugar mixture (maltodextrin : HFCS : water=5:4:5)

Slete] therel wolo] WadAw TR} U
AE

o
=

wonz 9o WAFE Zoluw vz Y
7

50g, A 50g, 1Y 40gS TF$F 72°Bx7MA w5) 200gS &5k

PR ofviEs Ao mA
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Table 8. Water activities and sensory results of cereal snack prepared

from popped amaranth and sugar syrups

Type | Type |l

Water activity(Aw) 0.15 0.51
Sensory result

Appearance 5.58 6.53

Sweetness 3.61° 7.10°

Hardness 6.58 7.92

Crispness 6.65 6.34

Overall quality 6.12° 7.08°

L B S T =2
g gHe Folux BEYLEAN AL WA W Fulolth, BEYAE
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Table 9. Formulas of amaranth snack prepared form popped amaranth
and sugar syrup containing thickener

Type llI Type IV

Seed

Popped amaranth 1509 1509
Sugar syrup 200g 400g

HFCS 4 4

Sucrose 2 4

Maltodextrin 5 -

Gelatin - 0.2

Water 5 2
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Fig. 4. Amarath snack(Kang-Jung) prepared from popped amaranth
and sugar syrup(formula type Ill)
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Table 10. Preparation of amaranth snack and addition of some
cereals, nuts, or dried fruits for enhancing the taste

Type V Type VI Type VI Type VIII
Seed
Amaranth(popped) 100g 100g 80g 100g
Waxy rice(popped) 40g - - 10g
Barley germ 50g - -
Walnut(steamed) - 709 -
fruit(freeze-dried) - - 20g
Sugar syrup 200g 200g 2509 300¢g
HFCS 4 4 4 4
Sucrose 2 2 4 4
Maltodextrin 5 5 - -
Gelatin - - 0.2 0.2
Water 5 5 2 2

Fig. 5. Amarath snack(Kang-Jung) prepared from popped amaranth,

waxy rice and walnut(formula type V and VII)
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Table 11. Yields and protein contents at enzymatic production of
high-protein amaranth flour(HPAF) 2

-Amylase(N -Amylase(T
Enzyme conc. Ay ™) Ay M
(Viw %) : : . :
Yield(%)  Protein(%)  Yield(%)  Protein(%)
0.1 47.53 22.49 72.30 16.53
0.5 45.50 23.45 60.08 18.36

4 Conditions : pH 6.5, 70°C, 20 %(w/v) slurry, 30 min liquefaction

E 125 a-amylase(N)o.&2 A g dte] Ax3 ofmfdAr o

Mo
ok

(HPAF)®| 574< @] ofntatzs 7bF9F nlagk Zlojt}, ¢ ofwpeh 7hF
T oA FFe] 1447% ol 732%9] HAES FHstgl o HPAFOIA &
ol gheFo] 2249% % SUFH AL AR o] 4256%% #aE Aow v
ek g ds ARl vk ZEjds dH EFoEecol=
g A3t 4

%
off
0

[e}
< A

o

olulgh2ish HPAF 7ke] Aol mml@ R0z eyl

¢

_47_



Table 12. Characteristics of High-protein amaranth flour(HPAF)
produced by a-Amylase(N) compared with raw whole amaranth flour 3

Whole Amaranth HPAF
Protein(%) 14.47 22.49
Total polyphenol(mg/g) 0.40 0.51
Total flavonoid(mg/g) 0.04 0.02
AlS(%) 80.01 79.50
Starch(%) 73.2 425

¥ Conditions : 0.1%(v/w) a-Amylase(N), pH 6.5, 70, 20 %(w/v) slurry, 30 min liquefaction

600

500 /’/k
400

300 /

200 ’/
100 /

0 100 200 300
Time(min)

Maltose eq.

Fig. 6. Changes of reducing sugar content(mg/ml) of
supernatant during a-Amylase(N) treatment for
high-protein amaranth flour(HPAF) production.
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Table 13. Characteristics of amaranth fractions produced by size
fractionation? compared with raw whole amaranth flour

Fr. | Fr. Il Fr. Il Fr. IV
Whole
>60mesh  60-100  100-270 <270mesh

Yield(%) 100 2.30 14.63 76.11 4.82
Protein(%) 14.47 18.88 13.88 14.86 26.53
Total flavonoid

04 02 . 04 01
el 0.0 0.0 0.03 0.0 0.0
Total polyphenol 0.40 0.2 0.27 0.33 0.64
(mg/g) N - 8 - - -
AIS(%) 80.0 94.5 88.5 83.0 81.5
Starch

(maltose eq.) 537.29 471.71 688.76 601.42 437.89

4 2hr mechanical sieving by Ro-tap sieve shaker
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-1.39
1.53
8.62

Fr. IV
36.79
56.16

<270mesh

100-270
26.29
-0.49
-0.26
66.67
2.76

Fr. 1l

26.60
-0.50
-0.71

66.37

2.15

Fr.
60-100

[
>60mesh
25.65
-0.41

0.49
67.30
3.20

Whole
27.82
-0.68
-0.19
65.14
2.75

F=d A=

>

Table 14. Preparation of amaranth extracts for developing amaranth
AE

beverage
Color
Amino acid
(%, d.b.)
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Steaming
2.3
32.63
-1.10
-2.04
59.78

Amaranth base
Popping
3.8
27.46
0.32
2.89
65.60

Raw

4.7
27.82
-0.68
-0.19

65.14

Solid (°Bx)
AE

Table 15. Drink base extracted from amaranth and heated amaranth
Color

for developing amaranth beverage
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Table . Contents(mg/g, d.b) of Amino acids in base extracts for
amaranth drink

Fr. | Fr. Il Fr. Il Fr. IV
Whole
>60mesh  60-100  100-270 <270mesh
ASX? 2,57 3.13 1.98 2.46 6.87
GLX? 7.81 8.12 5.72 7.53 24.46
SER 1.15 1.51 0.92 1.21 3.05
HIS 1.02 1.19 0.76 1.05 3.26
GLY 2.91 3.51 2.28 3.21 9.41
ARG 1.92 1.96 1.37 1.95 7.34
THR 1.16 1.32 0.97 1.19 6.57
ALA 1.60 1.79 1.27 1.59 4.50
PRO 1.23 1.55 1.07 1.45 4.79
TYR 0.06 0.09 0.07 0.07 0.18
VAL 1.32 1.65 1.07 1.26 3.69
MET 0.44 0.40 0.28 0.37 1.13
ILE 2.02 2.68 1.77 2.06 5.66
LEU 1.42 1.89 1.23 1.36 3.91
PHE 0.54 0.72 0.48 0.52 1.69
LYS 0.31 0.45 0.24 0.28 2.66
TOTAL 27.49 31.98 21.49 27.57 86.16

? ASX, GLX mean the sum of asparagine and aspartic acid, and glutamine and glutamic

acid, respectively.

_53_



T RFE oW g2 L T AEC BIA FAH kP )
golt 9FeEEA BuiHn Uk et ofF FF SRE pH FA

M ZH AAe Aol EAlstel AL bgAel WolAmr A 9=

1) #l&yd e 28 Az ¢ 7|z AA
F 172 712 agne 24 aY gy Fo e gt Az
Al Folth. Ae AAR Tween 803 Fek AL Hrtatgdom A4 kA

g 9ol A REAQ DF-100& A7Hshsch

=3
—
(0e]
rlo
=3
—
By
1o,
=
xt
=
fr

Table 17. Formulation of amaranth beverage with different milkiness

Formular A Formular B  Formular C Formular D

&Tza@g}{)‘ ext. 90.65 90.22 90.22 90.22
HFCS 6.40 6.86 6.86 6.86
Nondairy cream 1.81 1.14 1.37 1.61
Maltodextin - 0.67 0.43 0.20
Xylitol 0.90 0.90 0.90 0.90
Flavor(MC) 0.02 0.02 0.02 0.02
DF-100 0.015 0.014 0.014 0.014
Xanthan gum 0.20 0.18 0.18 0.18
Tween 80 0.009 0.009 0.009 0.009
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Table 18. Color and sensory characteristics of amaranth beverages
with different formula

Formular A Formular B Formular C Formular D

Solid(°Bx) 12.0 12.0 11.6 11.8
Color
L 64.39 61.34 62.71 65.00
a -1.29 -1.43 -1.30 -1.21
b 6.73 6.32 6.41 6.80
Sensory result
Sweetness 5.60 5.25 5.75
Flavor 5.05 6.10 5.75
Viscosity 6.85 6.15 6.40
Preference
Taste 5.05 5.95 5.00
Flavor 4.95 5.85 5.50
Color 5.85 6.15 5.55
Viscosity 4.70 5.35 4.60
Overall quality 4.85 5.60 4.95
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Table 19. Formulation of amaranth beverage with different sweetness

Formular B Formular D Formular F
arf“zarégg)‘ ext 90.22 90.54 90.87
HFCS 6.86 6.52 6.18
Nondairy cream 1.14 1.38 1.38
Maltodextin 0.67 0.43 0.44
Xylitol 0.90 0.91 0.91
Flavor(MC) 0.02 0.02 0.02
DF-100 0.014 0.014 0.015
Xanthan gum 0.18 0.18 0.18
Tween 80 0.009 0.009 0.009

Table 20. Color and sensory characteristics of amaranth beverages
with different sweetness

Formular B Formular D Formular E

Solid(°Bx) 12.0 11.2 10.8
Color

L 61.34 59.94 59.84

a -1.43 -1.60 -1.71

b 6.32 5.55 5.29
Sensory result

Sweetness 5.86a 6.36a 4.55b

Flavor 4.59 5.46 4.32

Viscosity 5.41 6.36 5.32
Preference

Taste 5.36 4.96 4.27

Flavor 4.91ab 5.68a 4.36b

Color 5.41 5.50 5.86

Viscosity 4.64 4.27 5.14

Overall quality 4.55 4.68 4.64
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Table 21. Formulation of amaranth beverage with different types of

emulsifiers
Formular F Formular G
arf“za@g}f)‘ ext. 90.65 90.71
Sucrose 6.40 6.40
Nondairy cream 1.81 1.81
Xylitol 0.90 0.90
Flavor(MC) 0.02 0.02
DE-100 0.015 0.15
Emulsifier
A 0.21
B 0.13
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Table 22. Color and sensory characteristics of amaranth beverages
with different types of emulsifiers

Formular F Formular G
Solid(°Bx) 13.2 13.8
Color
L 60.69 61.94
a -1.46 -1.35
b 5.31 6.05
Sensory result F value
Sweetness 6.25 7.38 3.03
Flavor 6.50 5.81 0.95
Viscosity 6.69° 4.38° 17.27"
Preference
0.47
Taste 4.50 5.13
Flavor 5.00 6.13 2.85
Color 5.38 6.00 1.58
Viscosity 4.50° 6.13" 7.08"
Overall quality 4.56 5.75 212
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Table 23. Formulation of amaranth beverage with different base

extracted from amaranth and heated amaranth

Raw Steaming Popping Roasting
arf‘zar?g}('; ext 91.05 91.05 91.05 91.05
Sucrose 6.07 6.07 6.07 6.07
Nondairy cream 1.82 1.82 1.82 1.82
Xylitol 0.91 0.91 0.91 0.91
Flavor(MC) 0.005 0.005 0.005 0.005
DE-100 0.015 0.015 0.015 0.015
Emulsifier 0.13 0.13 0.13 0.13
Citric acid 0.01 0.01 0.01 0.01

Table 24. Color and sensory characteristics of amaranth beverages
with different types of extracts

Raw Steaming Popping Roasting
Solid(°Bx) 12.2 10.2 12.6 11.4
pH 6.03 6.27 5.84 5.78
Color
L 67.31 68.45 50.71 46.34
a -1.13 -1.50 2.54 3.70
b 5.90 4.32 12.07 12.55
Sensory result
Sweetness 6.75 5.62 5.75 4.88
Flavor 5.63 4.00 6.25 6.88
Viscosity 5.19 5.56 5.94 5.94
Preference
Taste 6.00 5.63 6.50 4.81
Flavor 5.81° 5.44° 6.38° 5.50°
Color 6.56 6.25 6.00 5.38
Viscosity 7.25° 6.25% 6.50% 5.69°
Overall quality 6.31 5.38 6.19 4.56
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Table 25. Formulation of amaranth beverage with different types of
flavors and its characteristics

Formula H Formula | Formula J Formula K
FRE FRR FNF FM
Flavor ] ) )
(rice) (roasted rice 1) (roasted cereal 2) (milk caramel)
Solid(°Bx) 124 12.4 12.2 12.2
pH 6.12 6.13 6.13 6.03
Color
L 61.53 60.95 59.24 67.31
a -1.30 -1.36 -1.05 -1.03
b 5.24 5.08 5.57 5.90
Preference
Taste 4.25 4.25 5.50 6.00
Flavor 3.75 5.25 5.50 5.81
Overall quality 4.25 5.00 5.50 6.31
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Table 26. Formulation for addition of rice extract to amaranth

beverage
Formula L Formula M

Amaranth ext.
Brown rice ext.
(18.8 °Bx) - 6.447
Rice ext.
(38 °Bx) - 2.109
Sucrose 6.023 5.947
Nondairy cream 1.824 1.802
Xylitol 0.914 0.900
Flavor(FM) 0.002 0.002
Flavor(FRR) 0.002 0.002
Salt 0.005 0.005
DE-100 0.015 0.015
Emulsifier 0.134 0.133
Citric acid 0.014 0.013
Water - 42.646
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Table 27. Color and sensory characteristics of beverages produced by
amaranth and rice

Formula L Formula M

Solid(°Bx) 12.5 12.8
pH 6.04 5.95
Color

L 63.74 62.83

a -1.30 -1.42

b 4.70 4.66
Sensory result

Sweetness 6.88 6.56

Flavor 5.52 5.38

Viscosity 6.44 5.56
Preference

Taste 5.75 5.88

Flavor 6.06 6.13

Color 6.25 5.88

Viscosity 6.44 5.56

Overall quality 6.38 6.44
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Fig 7. Amaranth beverage and mixed cereal beverages produced

by amaranth and rice(formula L and M)
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Table 29. Extrusion conditions of amaranth flours

Samples
Extrusion 1 | Extrusion 2

Pre extrusion Moisture content (%) 13 13
Screw speed (rpm) 250 250

Feed rate (rpm) 24 24

) Water injection 5 15
;X;;‘I‘:;”S 1(set/melt temp ) 129 118
2(set/melt temp ) 128 117

3(set/melt temp ) 81 73
Die hole shapes (¥) 3 mm 3 mm

Post extrusion Dough moisture content (%) 16 21
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Table 30. Color values of amaranth starch and flours processed by

various methods

Samples L a b
Starch 96.84+0.0 -0.64=0.0 0.95+0.0
Raw 77.51+0.0 12.88+0.0 15.96+0.0
Defatting 83.38+0.1 0.77+0.0 10.94+0.0
Germination 77.16+0.1 1.22+0.0 16.41+0.0
Roasting 72.19+0.0 4.85+0.0 24.70+0.0
Popping 75.91+0.0 2.38+0.0 18.37+0.0
Extrusion 1 74.95+0.1 1.36+0.0 16.66+0.0
Extrusion 2 77.14+0.0 0.98+0.0 15.53+0.0
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Table 31. Physicochemical properties of amaranth flours processed by

various methods

Q’i‘r’sj‘iﬁg Swelling power Solubilities (%)

Samples cap(%z;ties 60°C 100°C 60°C 100C
Raw 199.49+39 51301 950%1.3 20.05:0.1  67.14+6.5
Defatting 190.88+13.0 5.72:0.2 10.87+0.8 23.93:0.1  70.86+1.2

Germination 174.66+12.6 3.54+0.0 9.35+0.2 21.15+1.1 65.16+1.1

Roasting 197.55£10.1  4.03+0.4 13.77+0.1 9.8+0.7 12.60£0.4
Popping 740.28+4.3 10.99+0.7 13.95+0.0 11.08+1.4 34.43+1.1
Extrusion 1 38.53+8.2.1 4.61£0.8 8.59+0.8 60.74+7.5 74.10£2.3
Extrusion 2 134.36t6.40 5.61£0.4 7.58+1.0 46.7310.9 62.46:0.4
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10 20 30
Diffraction angle (20)

Fig. 8. X-ray diffractograms of amaranth flours

processed by various methods
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A: Starch B: Raw C: Defatting D: Germination
E: Roasting  F: Popping G: Extrusion 1 H: Extrusion 2

Fig. 9. Scanning Electron Microscopy (SEM) of amaranth starch
and flours processed by various methods

_69_



Table 32. Transmittance patterns of 0.1% amaranth starch and
processed amaranth flour suspensions

Transmittance at 626 nm (%)

Samples
60T 100C
Starch 0.40+0.0 38.14+0.3
Raw 5.62+0.3 36.41+0.7
Defatting 7.57+0.3 32.63+6.4
Germination 2.09+0.1 31.24+3.3
Roasting 31.9913.1 32.94+4.6
Popping 25.36+0.9 25.79+4.0
Extrusion 1 22.80+0.3 22.72+2.7
Extrusion 2 12.09+0.1 12.14+1.7
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Fig. 10. Alkali gelatinization patterns of
amaranth starch and flours processed by
various methods
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Table 33. Pasting characteristics of amaranth starch and processed
amaranth flours by Rapid Visco-Analyzer

Viscosity (RVU)

Pasting
Samples temperature ] ]
(C) Peak ;0'55'”8 Cold Ctgrr‘li'; %rgvﬁﬁ Setback
P C C-P
O 7w © e el ©F)
Starch 68.75 14067 8533 10650 2117 5534 -34.17
Raw 68.80 9392 7808 10092 2284 1584 7
Defating  68.05 10475 7642 9675 2033 2833 -8
Germination 70.00 31.58 - 45.42 - - 13.8

Roasting 72.95 401.08 314.75 339.42 24.67 86.33 -61.66
Popping - 194.33 124.83 160.17 35.34 69.50 -34.16
Extrusion 1 - - - - - - -

Extrusion 2 - - - - - - -

A ZFFEAFE 27 (DSC, Differential Scanning Calorimeter, 2920 DSC, TA
Instruments, USA)ell ols] SA4H AE 2 71F9 EXLS ¥ 349 #r} of
g~ AR L 7MFe] sAEw 57.6~785TC 2 YEIY ZhEA o] nf
g} ZFol7b Atk popping Al &S dEAEE AR Ae ws #EEA
ok ol RVA Aot X stdnt. ofvpetx A E 3} 7F#9] 5374
-k € U8 A2 ve] vlud ki kAl s SEpAIE
9} HIA2E7F Yolxtt 33 d ey = roasting ABE A9 st H]=3EHA
L ek T
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Table 34. DSC data of amaranth starch and flours processed by various

methods
Samples Melting endotherm
To(C) Tp(C) H(J/g)

Starch 78.5 82.1 3.6
Raw 70.4 73.0 4.2
Defatting 57.6 58.3 4.8
Germination 60.1 62.4 1.2
Roasting 62.1 66.1 13.9
Popping
Extrusion 1
Extrusion 2
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Table 35. Effect of salts (NaCl) on water binding capacity of amaranth

starch and flour

Samples Salt Conc. Water binding capacity
No added 152.84+0.7
0.2M 142.50+3.3
Starch 0.4M 143.78+1.7
0.6M 152.51+0.7
0.8M 152.563+2.3
No added 124.46+0.4
0.2M 119.99+5.5
Flour 0.4M 131.39+2.9
0.6M 120.15+3.9
0.8M 107.18+3.6

Table 36. Effect of 0.2M NaCl on water binding capacity of amaranth

starch and flour processed by various methods

Samples No added 0.2M NacCl
Starch 152.84+0.7 142.50+3.3
Raw 124.46+0.4 119.99+5.5
Defatting 114.45+0.7 117.21£3.0
Germination 104.38+5.3 106.86+6.1
Roasting 151.04+3.1 168.30+4.0
Popping 680.70+28.1 698.70+28.1
Extrusion 1 31.0114.1 35.8615.7
Extrusion 2 87.99+0.0 117.6141.7
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Table 37. Syneresis of amaranth starch and flour processed by various

methods
Number of freeze-thaw cycle
Samples
1 2 5
Starch 0.0004+0.00 0.0007+0.00 0.0010+0.00
Raw 0.0011+0.00 0.0019+0.00 0.0023+0.00
Defatting 0.0030+0.00 0.0032+0.00 0.0048+0.00
Germination 0.5745+0.02 0.6711+0.00 0.6890+0.02
Roasting 0.4700+0.01 0.4926+0.02 0.5218+0.01
Popping 0.0017+0.00 0.0240+0.00 0.1243+0.02
Extrusion 1 0.8428+0.02 0.8626+0.03 0.8816+0.01
Extrusion 2 0.6618+0.01 0.6744+0.01 0.6781+0.01
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Table 38. Color values of Juk (gruel) made with rice flour and

processed amaranth flours

Samples L a b
Rice 100 61.61+0.1 -1.44%0.0 -1.32+0.0
Rice 80/Roasting 20 52.29+0.4 0.79+0.0 13.58+0.1
Rice 80/Popping 20 57.87+0.2 -0.79+0.0 7.14+0.0
Rice 80/Extrusion 1 20 60.13+0.3 -1.22+0.0 5.58+0.0
Rice 80/Extrusion 2 20 59.20+0.3 -1.15+0.0 5.69+0.1

Table 39. Apparent viscosity (x 10° cps) of gruels made with rice

flour and processed amaranth flours by Brookfield viscometer

Temperature(TC)

Samples
95 60 Room Temp.
Rice 100 29.5 58.5 93.5
Rice 80/Roasting 20 21 40.5 71
Rice 80/Popping 20 23.5 455 69
Rice 80/Extrusion 1 20 18 37 43.5
Rice 80/Extrusion 2 20 17 36.5 44
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Fig. 11. Scanning Electron Microscopy (SEM) of Juk (gruel) made
with rice flour and processed amaranth flours

A: Control B: Roasting C: Popping
D: Extrusion 1 E: Extrusion 2
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Table 40. Sensory evaluation data of Juk (gruel) made with rice flour

and processed amaranth flours

Characteristic Control Roasting  Popping Extrusion 1 Extrusion 2

Appearance

Color 11.34:2.0" 531+1.7° 957+1.45° 0920:2.1° 8.80+1.0°
Smoothness 104116  954+1.9 9.63+1.8 10.83t1.0  9.09+2.1
Viscosity 11.33+1.6® 10.50:2.1% 11.05¢1.7° 7.35:3.0° 12.28+1.8
Off flavor 3.00+1.5  2.84+16 506+24 4.40+15  4.78+19
Mouthfeel

Nutty taste 5.62:1.6  9.46:2.0° 7.64£1.04° 577+1.6° 6.37£1.1°

Overall quality 8.64t2.9° 950+0.9° 841+1.8° 839:2.7° 6.88+1.1°

*) Values with same superscript in the same row are not statistically different at p<0.05.
a, b) Duncan’s multiple range test for sample type (row)

Color
15

Surface

Nutty taste smoothness

Viscosity

Off flavor

Fig. 12. QDA profile of Juk (gruel) made with rice
flour and processed amaranth flours

Control —_— == RT = ------- POP
— - -EX1 EX2
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Table 41. Color values of Injulmi (waxy rice cake) made with rice flour

and processed amaranth flours

Samples L a b
Rice 100 76.24+0.5 -0.90+0.1 5.86+0.2
Rice 80/Roasting 20 56.07+1.1 4.97+0.2 14.21£0.9
Rice 80/Popping 20 58.14+0.2 2.13+0.1 14.43+0.3
Rice 80/Extrusion 1 20 61.95+1.2 0.93+0.1 12.63+0.4

dwm ol WS FARAAARA(SEM) o2 #Eg Axe 7y 133 2
oo o ZHA ofmbgs THRE 7R Q1An e ejde F ZpolE HolA]
ol A =48
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Fig. 13. Scanning Electron Microscopy (SEM) of Injulmi (waxy rice
cake) made with rice flour and processed amaranth flours

A: Control B: Roasting C: Popping D: Extrusion 1

oldu o] ¥z =L o 27 E(Sun Rheometer, Compac—100, Sun Sci.
Co., Japan)& ©°]&3ldal 7} Alg& 103 wbEstel AT AR
Type; Two bite mastication test, Adaptor; No. 25, Critical diameter; 10.00
(mm), Load cell; 1.00 kg, Deformation; 50%, Sample size; 10.00 (mm) x
10.00 (mm) x10.00 (mm), Table speed; 50.00 (mm/min), Chart speed; 85.00
(mm/min) AT AP Fr= Agwttk Zbol7k ASA=dHl A A IR
wet Aol F7F A controls Al9lstile BT fFo] Al AfolE BT
(% 42). extrusion 19| 7% 15hellA 9] %7} control® 7HE frAkstATh
Alge] FHAAE Ze AFS B control?} extrusion 1 H=3F3 L
roasting ¥ popping©] =tk ofel wha| ©@A I S 4 AR 1o Ao

7b A2A skt
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Table 42 . Textural properties of Injulmi (waxy rice cake) made with
rice flour and processed amaranth flours

Textural
roperties

Storage time (hr)

Sample 15 40
Hardness 1633.86+529.6* 1983.88+212.1°
Control Adhesiveness -6.86+3.5° -8.56+1.0°
Springiness 0.99+0.1° 1.07+0.1
Cohesiveness 0.96+0.1 0.97+0.1%
Hardness ¥2729.91+471.5° "5141.50+919.2°
Roasting Adhesiveness *14.91+4.2° Y.23.63+4.3°
Springiness 1.00+0.1° 1.01£0.0
Cohesiveness X0.95+0.1 ¥0.84+0.1°
Hardness ¥2733.71+197.0° *7783.89+1245.3°
Popping Adhesiveness X17.00+1.4° Y.08.22+10.4°
Springiness 1.01+0.0° 0.99+0.0
Cohesiveness 0.98+0.1 ¥0.73+0.1°
Hardness ¥1632.94+337.0° *3036.56+616.4°
Extrusion 1 Adhesiveness X.8.40+3.0° Y.14.22+2.2°
Springiness Y0.91£0.1° *1.01£0.0
Cohesiveness 0.92+0.1 0.87+0.1°

*) Values with same superscript in the same column and row are not statistically different

at p<0.05.

a, b, ¢, d) Duncan’s multiple range test for sample type (column)
X, y) Duncan’s multiple range test for storage time (row)
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Table 43. Sensory evaluation data of Injulmi (waxy rice cake) made
with rice flour and processed amaranth flours

Characteristic Control Roasting Popping Extrusion 1 Extrusion 2

Appearance
Moistness 11.65+1.6 11.62+1.2 10.13+0.9 11.95¢1.6 10.56+1.6

Smoothness 11.63+1.2 11.24+1.5  9.95+1.1 10.98+2.1 10.96+1.6

Flavor
Nutty flavor 7.93+3.0 1051+1.4  8.87+0.3  8.02+2.0 6.35+2.8
Off flavor 2.40+0.9 2.56+1.3 3.28+2.3  2.39+1.2 3.35+1.9
Mouthfeel
Hardness 3.02+1.2  3.85+1.8 5.84+37  5.37+2.2 3.42+1.0
Chewiness 11.57+1.7 11.41+15 958.+22 10.73+1.6 10.85+1.8

Smoothness 11.85+1.1% 10.45+1.3" 0.05+2.4° 10.72+0.9%® 10.91+1.0°
Adhesiveness 8.87%£1.2 8.33%t1.6 6.23£3.7 8.31£2.0 7.30£3.0

Overall quality 9.86+1.3 8.55+1.5 725109  9.26+1.6 9.63+1.8

*) Values with same superscript in the same row are not statistically different at p<0.05.
a, b) Duncan’s multiple range test for sample type (row)
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Fig. 14. QDA profiles of /njulmi(waxy rice
cake) made with rice flour and processed
amaranth flours
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A AEME 2% o7le &£3holth. A el tief 601 o] EAst=],
Gx @ EFvlo] FAgGoR AuiE g Y= Ry gz Eo|t} ofu}
d2e Aztecdt Incarlthol 259 FAzEloH, T, ofdd BF o

S0l 7hssta FF A or TRl kel A AU AnA
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Table 44. Composition(%) of amaranth grain cultivated in Korea

Energy . . Carbohydrate
(kcal/100g) Moisture Protein  Fat Ash nonfiber _Fiber
Amaranth
K432 355.9 11.2 17.2 4.1 3.5 62.5 1.5
Andy 360.3 10.8 144 4.1 3.1 66.4 1.2
MT-3 363.1 9.4 13.0 3.1 2.6 70.8 1.1
A10 355.4 11.4 15.2 4.8 3.1 62.9 2.7
(means) 358.7 10.7 15.0 4.0 3.1 65.7 1.6
Brown rice 368.0 11.0 7.20 25 1.2 76.8 1.3
Wheat 338.0 11.8 12.0 2.9 1.8 69.0 25
Barley 322.0 13.8 10.6 1.8 2.7 68.2 2.9
Oats 317.0 12.5 13.0 6.2 3.0 54.7 10.6

2) U ok

ALY 713 ¢F
20019 A7e =
o

BRA9 sl A A 4FF ] ofniet
S ®Bw Z(1450 ~ 2296mg/kg , Bt 1851mg/kg)
3}, HE(655 ~ 844mg/kg , Bt 749mg/kg)el o] dv| FW An g
Aol Zg (A7 41, 71, 43, 55 mg/kg) ¥ AE(ZHZF 2.1, 32, 54, 4.6mg/kg)
| wlal 24 oF 25M), HE ok 15H] AE =S AoR Uyt

Wk ofye}l mvlg Aol FHold A, WY(HFY FE-A A )]
25 (7743670, 5160mg/kg), ##(ZH7E 670, 220mg/kg), PRl (1130,
2400mg/kg)ell w3l ofmpgt FA(FAGHA A )] 25, 2, vk
vl (zH2E 6750, 1780, 2750mg/kg)$Hde] Holuths ®are] ek zFo] =i
Aui Aol A 2k opmperao]l  ZAF, Zer, wlauls(Zb7 5138, 1851,
2840mg/kg) T FE 7 o R YERETh Ul Wel Sw] whol | o}

w1, woldn o] Zre(Zhz; 240, 298, 521, 159mg/kg), HH (72t 145, 46.2,

[
i
>

lo
0

~N

N

i

=
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415, 109mg/kg ), Z&F(2171, 2969, 3362, 951mg/kg), wF1yl< (1103, 1290,
1304, 869 mg/kg) BU= =ik ofwpeks FAo| Fr1E gkl -3 A
o2 et

Table 45. Mineral content(mg/kg) of amaranth grain cultivated in Korea

Amaranth

K432 Andy MT-3 A10 means
K 5731 5011 4276 5537 5138
Ca 1864 1794 1450 2296 1851
Mg 2920 2788 2458 3196 2840
Na 22.8 21.2 15.3 39.2 24.6
Co 0.3 0.3 2.1 0.3 0.8
Cr 0.2 0.1 0.1 0.2 0.2
Cu 5.2 4.8 8.9 6.3 6.3
Fe 74.2 75.5 84.4 65.5 74.9
Mn 70.0 32.3 62.4 20.3 46.3
Mo 0.6 1.2 0.5 1.2 0.9
Zn 43.0 60.6 455 38.0 46.8
Si 18.0 4.7 49 12.8 10.1
Ti 0.7 0.1 0.1 0.1 0.3
Cd 0.1 0.0 0.1 0.1 0.1
Ni 0.6 1.3 1.1 0.6 0.9
Pb 0.5 0.6 0.6 1.0 0.7
As nd nd nd nd nd
Hg nd nd nd nd nd
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SUlak ofmbghae) ofd Wz e, YA S ulal welgm| el
Hholw @], whol &) o] o}dd(Z7} 57, 58, 36,15mg/kg), §3H37, 41, 18, 17mg/
kg), T2 (15, 2.0, 2.7, 0.4mg/kg), U#(0.2, 0.0, 0.0, 0.0mg/kg) &= =t} o}
A e dew yewt 9 fa wdlE 949 Cd, Ni, As, Pb, Hg
e ofmtgta FAo gAY wF EAEE oz vEhsth whElbA
ofutets FAe e F8 mugdFS o2 AFYdRT S5 AY
EM0] Qe Aoz eyt
ofmpgh FFHE Fa T4 ko] ztolE A4 A¥ % 459 2%

om FF Aol A gou Bwe] A AlNA, Aol 3

Table 45. Comparison of major minerals(mg/100g) in amaranth grain

with several cereals

Ca Fe Na K
Amaranth 185 75 24.6 514
Brown rice 41 2.1 6 240
Wheat 71 3.2 5 344
Barley 43 5.4 3 480
Oats 55 4.6 6 360

3) WA oketdx FAALY obmwit FF

A7)E BAR AMET stel A AR oknkze) 4FF] obn il
93t FFe oTeAA Ak ofvhe o)300] FFO] W Fo oyl
d3F e skt of=elM ARt ofmbtA= F4100gF leucine
0.879¢g, Isoleucine 0.582g, Lysine 0.747g, Methionine 0.226g, Cytine 0.191g,
Phenylalanine 0.542g, Tyrosine 0.329g, Valine 0.679g, Arginine 1.060g,

A

r
2
BB

S
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Histidine 0.389g, Alanine 0.799g, Aspatic acid 1.261g, Glutamic acid 2.259g,
Glycine, 1.636g, Proline 0.698g, Serine 1.148g% &3t oAl A uj=
olul gt~ Phenylalanine, Tyrosine, Serine ¢ $F&o] A1 3 dfofn
A Tryptophan & A9 b & ofu| it M= £& A5 HAFAL
H N—:ﬂoﬂ /\].&% T,b_LMﬁJoﬂ/q_‘E 2 g3} %]—t;fjl—% o} ] = Ak 3} E%E-‘ﬂ"’]

AEol odld @ o B4 nug %iw obuhgh o] ofmliibe Al

AZHJAL & FAE BAuh

QEEHAA RHE npe} o] olmfar A= FAO/WHO Standardell 2

T 24T FFE AN B Fiel e obuledt 2ol $5Eu we
W g oEe] ghelal el s1E 4FNA BFF(al USDA

Nutrient Database for Standard Reference, Release 12,1998; Corn 0.25%,
Rye 0.40%, Buckwheat 0.58%, Wheat 0.35%, Rice 0.27%)l] H]&l o}
FHA T FHE G e oprx=AtE FES IR B vk
USDA Nutrient Database for Standard Reference, Release 12,1998, Soybean
0.3%, Rice 0.37%). o]¢e Az & uf =] Au) A3t A AikE = of
vhg s A ZE S Ed R ofn gl 2o 49 AEdeR YgiEtta
a2 THGE 46).

grgatols 4 obwweAbe] wht tha
ztol & Holil Ut golile] AE HW FF] Wolrt 0.765 - 1.584%
= uUeton K432014 =A dEbst giAlg o w2 & opv| it =
K432 4 tha =4 vebuth o]z i ghako] K43244 &2 33
go] = Aow AlRdETH
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Table 46. Amino acid contents(mg%) of amaranth grain cultivated in

Korea
Amino acid K432 Andy MT-3 A10 means

L-Aspartic acid 3417 2436 1526 2366 2586
L-Threonine 721 625 458 758 640
L-Serine 576 783 491 1053 726
L-Glutamic acid 5841 3720 2579 4268 4102
L-Proline - - - - -
L-Glycine 2502 1674 1317 2164 1914
L-Alanine 1254 835 626 1006 931
L-Cystine 65 36 21 43 41
L-Valine 1383 937 697 1129 1036
L-Methionine 126 50 41 67 71
L-Isoleucine 1173 829 607 998 902
L-Leucine 1718 1187 900 1442 1311
L-Tyrosine 7.6 3.8 71.2 395 119
L-Phenylalanine 160 93 710 1145 527
L-Lysine 1584 1160 765 1157 1166
Ammonia 1460 963 708 980 1028
L-Histidine 317 192 375 1082 491
L-Tryptophan - - - - -
L-Arginine 4141 2746 1824 2901 2903
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4) AL oprtd s AR A FF

¢
W obwbgts Aual A fALE 4TS RYTh 71E Rae) sasiw
SR ofrhghiE EEFE WolE mYo

o] 3

oA A obulgb 49| Linoleic acid@ ol A vhepa B shAual
U}
2

3 ZaAPATe] W& o 218 Urhh 54 Fo] ATG, JEAHE
oo el wFol Am T AMBR JFL Wol Be Aow Y
(A7)

Table 47. Fatty Acid composition(% of total fat) of amaranth grain

cultivated in Korea

Fatty acid Content range
Myristic acid C14:.0 0.35 ~ 0.5
Palmitic acid C16:0 17.9 ~ 20.0
Palmitoleic acid C16:1 0.38 ~ 0.62
Stearic acid C18:0 540 ~ 7.40
Oleic acid C18:1 26.0 ~ 32.0
Linoleic acid c18:2 270 ~ 31.2
Linolenic acid C18:3 0.96 ~ 1.86
Arachidonic acid C20:0 1.29 ~ 1.84
Eicosanoic acid C20:1 0.00 ~ 0.38
Behenic acid C22:0 0.66 ~ 0.82
Lignoseric acid C24:0 0.57 ~ 0.66
Nervonic acid C24:1 0.00 ~ 0.00
Unsaturated/saturated 2.07 ~ 210
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2 125%, Roasting(170C, 10min) A&+ 123%% ZadAc}. HkdA

popping A& 163%9 @A S Hol gheFo] FrFHdY The

raw amaranth®] ZAW &aFo] 63%0]a, A F shaFo] 3.7%<0 Aol nl|

e ZheAgolA 2AR 2A4F o]l va gaEdew, vk 39
o=

e opvhaanct BE AT AN Srhshs AR Gt 48).

Table 48. Composition(%) of amaranth flours processed by various

methods

Energy . . Carbohydrate
Moisture Protein Fat Ash . :
(kcal/100g) nonfiber  Fiber

Raw 344 15.6 14.4 6.3 2.6 575 3.7
Defatting 366 9.6 14.8 4.6 3.0 66.2 1.7
Germination 367 9.2 12.5 5.2 2.7 67.9 2.7
Roasting 369 2.1 12.3 1.1 3.5 77.8 2.9
Popping 363 5.6 16.3 3.1 4.6 67.5 2.9
Extrusion 1 365 6.4 11.6 2.0 2.7 75.1 2.2
Extrusion 2 378 6.1 14.9 5.1 3.5 68.2 2.3
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Table 49. Mineral contents(mg/kg) of amaranth flours processed by

various methods

Raw Defatting Germination Roasting Popping Extrusion 1 Extrusion 2

K 5260 4579 5852 5096 4923 5162.3 5174
Ca 1548 2018 1946 2002 1971 1828.7 2291
Mg 2038 2757 1964 3021 2827 2573.4 3049
Na 120 255 62.1 89 48 20.0 24
Co 0.2 0.2 0.15 0.2 0.2 0.2 0.2
Cr 1.1 0.2 0.95 0.1 0 0.7 0.2
Cu 10.0 3.5 8.1 25 3.7 7.7 2.3
Fe 735 88.3 68.5 80.1 76.1 99.1 102.0
Mn 25.8 39.2 36.15 39.9 38.4 36.7 44.5
Mo 0.1 0 0.9 0.3 0 nd 0.5
Zn 426 45.8 45.05 48.8 48.5 44.9 50.5
Si 10 93.1 2.75 5.4 4.7 5.8 6.3
Ti 1.4 0.2 0.65 0.1 0.7 0.2 0.2
Cd nd 0.1 0.15 0.1 0 0.1 0
Ni 1.3 0.5 1.1 04 0.5 0.9 0.5
Pb 1.5 0.2 1.45 0.3 0.6 0.9 0.6
As nd nd nd nd nd 0 0
Hg nd nd nd nd nd 0 0
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#F 502 200294t A= EAFOlA e S Fr1d o 2o}
2 Q1% ®EE yekd et Fr1d g% T K7F 3170 - 6040 mg/kg,
Mgeo] 1995 -3830 mg/kg, Feol 86 - 167mg/kg W= 3&F ®o]7l B
H TE5e Cde HEHA FUut dFdLd K, Ca, Mg oAM= 3%F &
ool Aol A A =2 FEE B oy mEFd A9l Cu, Mn, Fe, Znol

e Ak Wolsl Exol wet tres] vhegt

Table 50. Mineral contents(mg/kg) of raw and germinated amaranth

grains
MT-3 K 432 Andy
raw germinated raw germinated raw germinated
K 3170 4555 6040 6397 4629 5360
Ca 1292 1886 2156 3221 1965 2952
Na 333 225 219 710 238 723
Mg 1995 2737 3830 4080 2790 3287
Cu 12 6 6 7 6 8
Mn 59 24 28 34 26 29
Fe 167 179 86 103 89 102
Zn 42 48 31 42 50 60
Cd nd nd nd nd nd nd

ZhEA e opnwmAal 24 RO Aol & 513 2k A2 ofv| kgt

ZAE & Zo]lE HolA o} raw amaranrhol B8] 1x} 7t e &2

W AAEoe] L-Aspartic acid, L-Glutamic acid, L-Tyrosine,
L-Phenylalanine, L-Histidine 3¥F#Fo] Tha ®olx o™ popping w24 A<}
ol B A9 A o4t diF o] =2 FHE YEA T duky

i
© 2 Heat EXpantiOHQ] Ag deFo] EAFEE Aoz Yehgsd o]l
=l

=
Be- 7%-55%7F 24 E o HuFHdr & A Ae dA W)
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Al e EEaAels W ghakel
2 o el Aoz HofInH(3E5]).

Table 51. Amino acid contents(mg

by various methods

i
rlo
rlo
rlo
L
1=

Hir

%) of amaranth flours processed

Amino acid Raw Defatting Geg(r)r:]inat Roasting Popping EXt”;Sion Extruson
L-Aspartic acid 1816 3039 3393 2306 3435 2434 2508
L-Threonine 476 784 820 556 958 503 494
L-Serine 444 884 828 555 845 420 375
L-Glutamic acid 3321 4842 5687 3893 6949 3804 4036
L-Proline - - - - - - -
L-Glycine 1579 2176 2204 1738 3050 1772 1849
L-Alanine 898 1204 1328 837 1477 997 918
L-Cystine 39 42 29 45 40 48 41
L-Valine 832 1174 1345 903 1671 935 993
L-Methionine 72 61 80 72 94 95 107
L-Isoleucine 725 1032 1161 798 1437 797 845
L-Leucine 1048 1497 1681 1136 2110 1173 1248
L-Tyrosine 8 71 338 406 304 188 394
L-Phenylalanine 494 1198 1344 945 1708 925 1015
L-Lysine 836 982 1227 738 1709 668 932
Ammonia 1033 1060 1210 847 1463 1037 991
L-Histidine 389 688 802 555 982 540 597
L-Tryptophan - - - - - - -
L-Arginine 2222 3479 4097 2599 4975 2627 2901
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7hEA e A 248 B Extrusion A @ 19]A4] oleic acid $FEFyt
o] ¢kt EAEIH EX Ay FoAAE A &2 v SRR A W4E 24
B E¥st xuakel 2dxby gEdstor EAsgT. BEEe AA3E

FE PR R S RS R

Table 52. Fatty acid composition(% of total fat) of amaranth flours

processed by various methods

. . Germin ) . Extrusi Extrusi
Fatty acid Raw Defatting ation Roasting Popping
i

ni on?2
Myristic acid 0.37 - 0.38 0.39 0.37 - 0.91
Palmitic acid 19.3  18.1 19.5 18.8 18.6 - 16.7
Palmitoleic acid - - - 0.46 0.19 - 1.25
Stearic acid 6.34  3.83 6.73 7.62 7.70 - 6.57
Oleic acid 28.6 289 31.3 30.3 29.3 885 26.8
Linoleic acid 28.3 37.0 27.8 24.2 26.9 - 27.0
Linolenic acid 0.98 - 1.52 0.73 1.18 - 1.12
Arachidonic acid 1.46 - 1.62 2.41 2.23 - 1.68
Eicosanoic acid - - - - - - -
Behenic acid 0.75 - 0.64 1.30 1.02 - 0.71

Lignoseric acid - - - 0.81 0.68 - -
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Table 53. Squalene content(ppm) of amaranth flours processed by
various methods

Extrusion Extrusion

. Germina ) )
Raw Defatting ) Roasting Popping
tion 1 2

Squalene 3209 699 3430 3061 2106 2137 3085
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1) S ofmtFE FAAYY 2FddA FF

opmfgts T AEA AFUAUS Hyt 034% A& FHetar glon of
ks 715 ofupgk oA FE AEAG AFSALE VWA B R
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goluh 48 £aRAe FEHIG FUANT 08 W BE FF HF
gol W) FelsHES ASATIE Eol AdEv olvtast F7E A

=4 2HEY 9/ &5t #8& AFALdeR uFd vhEAlEel 28

5 e Aol

Table 54. Squalene content(ppm) of amaranth grain cultivated in Korea

Content range Numbers of cultivars
below 1500 ppm 6
1500 ~ 2000 ppm 35
2000 ~ 2500 ppm 48
above 3000 ppm 47
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2) T4t olmt@ 29 H]ELYl 2 Tocopherol, Tocotrienol ¥ %

QoA Ky olmtgs F Ao HIERR RS HW 100 g9 Ascorbic
acid 4.2 mg, Thiamin 0.080 mg, Riboflavin 0.208 mg, Niacin 1.286 mg,
Pantothenic acid 1.047 mg, Vitamin B6 0.223 mg, Vitamin E(¥3 E 3
) 1.030 mgs gfstar e, Aoy ¥ T3 S UE F
kol HolA e va HumHdt EIAES A aulit ZEFo

ExdE FEel 156- 1442 mg/kghrhs A4S F& Ffdtn e seR
BuE ok W AujEAE stoll A A& 7bEg ofmpes &3 A HE
EFA

HlEtRl o] ek i 559 k. thE A RaLel Aol FAREE kel W]
2]

20029 = A7) Al AR opubgkx T o] FFEIE, WolA i EA
HZ3 ExdE o] dAloldA FibstHe] w2 EsEd s s AR
W3 569 Zoh

ofmpgt~ FA = ¢y t
of FFHL 1 T FAtstEo] 2 4y EsEgs o] 142~17.8
ppm A== 7P @ol A8y, FIF3F 2]

BolA ekt HH
~Tocopherol ©] 142 mg/kg €12 SFF7]Fo= a-Tocotrienol ©] 23
mg/kg, a-Tocopherol °©] 116 mg/kg S Yttl B F Ut} ofmpgks 7]
5 9o sy wushd 32 A3k a-Tocotrienol &S 200 mg/kg o = A
o] &2 S VIFH ®ey VIE T I Blud of o F3F A

gets Ao ® ey

fz
i)
)
il
=2
rr
Q
ﬁ We,

—~Tocotrienol®] 558 mg/kg, a
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Table 55. Vitamine content of amaranth grain cultivated in Korea

Content

(mg/kg)
Vitamine B; -
Vitamine B 12.63
Vitamine Bs 12.16
Vitamine C 6812.5
Vitamine A -
Vitamine E 11.11

Table 56. Tocol and tocotrienol contents(ppm) of raw and germinated

amaranth grains

MT-3 K 432 Andy

raw germinated raw germinated raw germinated

a-Tocopherol 10.43 728 8.20 5.94 9.25 9.68
a-Tocotrienol 14.21 1479 17.52 11.59 17.55 17.82
v-Tocopherol  0.22 0.64 297 2.33 0.53 0.10
v-Tocotrienol  0.57 0.74 11.27 7.19 1.97 3.17
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3) AL ofmtd 29 EEd s IHE

ofutgr 2z fEol Q= F s FHS E LT ZHh opvtExs F
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Table 57. Total polyphenol and flavonoid content(mg/g) of raw and

germinated amaranth grains

MT-3 K 432 Andy

raw germinated raw germinated raw germinated

Total

2.46 4.30 1.72 6.67 1.92 5.23
polyphenol
Total 1.09 1.37 0.30 1.99 0.52 1.57
flavonoid
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Table 58. Distribution of total polyphenol and flavonoid content(mg/g)

of amaranth according to different colors of seed coat and cultivars

Numbers of cultivars

Group of yellow Group of black seed

seed coat coat
Total polyphenol
below 1.0 1 -
1.0 ~ 15 6
15 ~ 20 11 9
20 ~ 25 4 2
above 2.5 1 -
Total flavonoid
below 0.2 1 2
02 ~ 03 11 8
03 ~ 04 8 3
04 ~0.5 5 4
above 0.5 1 -

4) ZHAE ofnt @29 Akt &4

ofuf~¢] 343 &84S DPPH Quenching activity® &Aslgon 2
= F 59, 607 Zrh kst S &uje EEl wel xolrt 3o,
ofupgk s FA o Az Mt E ztolE HAT TU FEQ A5 A8
HolE Z=o|A 313 Ao et uct EAe M A A AHAo 7
gl S o ZA4A FHAA Fqts a9t 59 =4 dEsh

MT-3, K 432, Andy Al #F& W&oz o} di} dol - ofnpghrol
A gy E Bludtdch. E8 8o wE DPPH Quenching activity:s 3+
Tutth ztolE yHEr e MT-3 #FF°] t& F F3Fo e va =&
S Btk ol HAZEZ e DPPH Quenching activity® Hlaad] XA
HexaneZ ol A Al & 55 ol A FAwY ol Fael A A Yt

, weHES Andy ol TAVF d4kst &del 7HE 2 Aew yEy
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Table 59. DPPH

quenching activities? of raw and germinated amaranth

grains
K 432 Andy

raw germinated raw germinated raw germinated
Hexane
fraction 32 62 19 89 23 311
Ethylacetate
fractionl 7 89 11 22 76 0.6
Buthanol and 73 38 7 ) ) .

water fraction

a) Activity units(ppm) were calibrated with BHT.

Table 60. DPPH quenching activities? of amaranth extracts from

domestic cultivars with different colors of seed coat

Color of seed coat

Yellow Brown Black
Hexane fraction 5 7 14
Ethylacetate fraction 4 38 115
Buthanol fraction 13 25 48
Water fraction 10 13 21

a) Activity units(ppm) were calibrated with BHT.
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