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ABSTRACT : Amaranth(Amaranthus spp. L.) and quinoa (Chenpodium quinoa Willd.) are old
crops from South, Central America and Central Asia and their grains have been identified as
very promising food crops because of their exceptional nutritive value.

Squalene is an important ingredient in skin cosmetics and computer disc lubricants as well as
biocactive materials such as inhibition of fungal and mammalian sterol biosynthesis, antitumor,
anticancer, and immunomodulation,

Amaranth has a component called squalene (2,6,10,15,19,23-hexamethyl-2,6,10,14,22-tetraco-
sahexaene) about 1 /300 of the seed and 5~8% of its seed oil.

Qil and squalene content in amaranth seed were different for the species investigated.
Squalene content in seed oil also increased by 15.5% due to puffing and from 6.96 to 8.01% by
refining and bleaching.

Saponin concentrations in quinoa seed ranged 0.01 to 5.6%. Saponins are located in the outer
layers of quinoa grain. These layers include the perianth, pericarp, a seed coat layer, and a
cuticle like structure.

Oleanane-type triterpenes saponins are of great interest because of their diverse pharmacologi-
cal properties, for instance, anti-inflammatory, antibiotic, contraceptive, and cholesterol-lower-

ing effects.
1t is known that quinoa contains a number of structurally diverse saponins including the
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aglycones, oleanoclic acid, hederagenin, and phytolaccagenic acid, which are new potential in

gredient for pharmacological properties.

It is likely that these saponin levels will be considerably affected by genetic, agronomic and

environmental factors as well as by processing,

With the current enhanced public interest in health and nutrition amaranth and quinoa will
most likely remain in the immediate future within the realm of exotic health foods until such
time as agricultural production meets the quantities and quality required by industrial food

manufacturers.
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Table 1. Concentrations of terbinafine caus-
ing inhibition of sterol biosynthesis
in cells of various fungi®

Inhibitory concn. {(mg /1)*

Fungus

50% 95%
Trichophyton rubrum 0.0005 0.02
Trichophyton 0.002 0.04
mentagrophytes
Aspergillus fumigatus 0.07 1.2
Candida parapsilosis 0.006 0.3
C. albicans 0.008 0.2
C. glabrata 0.04 0.9

* Drug concentration causing 502 or 95% inhi-
bition of sterol biosynthesis, measured by ['*C]
acetate incorporation, compared with untreated
controls(mean of three separate experiments).
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Table 2. Inhibition of microsomal squalene epoxidase from Candida species and rat liver by
naftifine, terbinafine and SDZ 87-469 (a chlorbenzthiophene derivative of tervinafine)

55)

Concentration (M) for 50% inhibition

Compound

C. albicans C. parapsilosis Rat liver
Naftifine 1.1 0.34 144
Terbinafine 0.03 0.04 77
SDZ 87-469 0.011 0.03 43
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Table 3. Cholesterol content in serum of rats
fed casein diets with amaranth or
cotton seed o1l

Origin and level of oil Cholesterol con-

tent (mg /dl)

Cotton seed 5% 156¢

A. caudatus 5% 157¢4
A. cruentus 5% 1762P
A. hypochondriacus 5% 1710¢
Cotton seed 10% 1822P
A. caudatus 10% 189

A. cruentus 10% 1852°
A. hypochondriacus 10% 176>

abed Seatistical difference(P<0.05) between valu-
es with different letters.



Table 4. Squalene content and unsaponifiable
matter in oils from various sources®

Source Squalene  Unsaponifiable
(%) matter (%)

Amaranth seed oil

A. cruentus 6.96 8.84

A. cruentus, refined 8.01 n.d

A. edulis 6.7 n.d

Olive oil 0.1~0.7 0.61~0.65

Wheat germ oil 0.1 4,78~4.98

Rice bran oil 0.3 4.10~4.22

Cotton seed oil 0.01 0.60~0.69

Shark liver oil 33.6~43.6  36.1~47.7

Dogfish liver oil 90.4~95.2  91.5~%4.1

n.d=not determined.
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Table 5. Squalene content of various fats!”

W 5 (8.01%)° Eol¥uly Husm, Sin-
ghal 502 o} A Fx2 We)7) (puffmg)fs}
A& W9 27 gaFo) ¥7]x] koS Wir o}
24 15.5% Z71stavtn R askach 49E bt
o} o] o} A 7t=] ojvi@ A7) ek ARG 9
Gakriolof 3k H = o[t Aot}

2. MOl AlZEHS| 7|3} HHO|

1) Terpenoid(AlZEH)e| &

Terpenoid+  isoprene®=} CH,=C(CH,)
—CH=CH,7t F 7} & 11 o]} =%t o} oj&
o7 BAEA G s2 BREcHE 7). 3
23 R4 89 mono- 2 sesquiterpene, %
o] AL diterpene 2 3L triterpen-

oid, sterol, carotenoid M4 S o2 AlEeo] 4

oAb 2 Aol WS- o8 4T P,
Terpenocide] Y&4 A7EAL 240 7HE
mevalonic acidE %3l &A= isopentenyl

pyrophosphateo]™ o] AJEAZXE triter-
penoids®] AU A e A4 AzE 19 49
vEpd 33 gl & isopentenyl pyrophos-
phate ¥ 227} %5l geranyl pyrophos-

No.of Squalene No.of Squalene
Fat samples (mg. /100g Fat) Fat samples (mg /100g Fat)
Olive 44 136~708 Grape seed 1 7
Cotton seed 12 4~12 Almond 1 21
Corn 9 19~36 Cocoa 1 nohe
Peanut 11 13~49 Coconut 1 2
Sunflower 3 8~19 Linseed . 1 4
Soya bean 9 7~17 Butter 1 7
Tea seed 3 8~16 Cod liver 1 31
Sesame 1 3 Seal 1 35
Rape 1 28 Chicken 1 4
Mustard 1 7 Lard 1 3
Patua 2 2~5 Beef 1 10
Rice bran 1 332

* Squalene hexahydrochloride crystals obtained from all fats with exception of cocoa buttér, which was not

examined microscopically.

* These data were calculated from the halogen absorption of the unadsorbed residues obtained by the
chromatographic treatment of the unsaponifiable matter
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Table 6. Percent crude oil and unsaponifiable matter content of grain amaranth varieties®

Species ID % Crude oil Unsaponifiable
number (w/w fresh wt) content of oil extract (%)
A. cruentus 1034 5.300 9.500
A. cruentus 343 5.595 10.775
A. cruentus 1011 5.775 10.300
A. hypochondriacus 1046 4.650 9.215
A. hypochondriacus 1024 4.538 10.175
A. caudatus 938 5.785 9.700
A. caudatus 713 6.680 9.225
A. hypochondriacus 674 4.553 8.900
A. hypochondriacus 646 5.670 10.190
Unknown Amaranthus sp 004 6.343 12.520
A. hybridus 1047 6.238 9.750
A. hypochondriacus 1023 4.083 9.475
A. cruentus 5.430 9.300
A. hypochondriacus 718 6.750 9.293
Unknown Amaranthus sp 662 5.760 11.325

Values are means of 4 replicates +standard deviation of the means.

Table 7. Classification of terpenoid

No. of isoprene unit  No. of carbon Name

Typical compounds and distribution

1 Cs isoprene

2 Co monoterpenoid
3 Cis sesquiterpenoid
4 Co diterpenoid

6 Cy triterpenoid

8 Cy triterpenoid

Ca polyisoprene

discovery in Hamamelis japonica leaf
monoterpene types in essential oil

(ex: menthol in Peppermint)
monoterpene lactone(ex: nepetalactone)
tropolone(content in Gymnosperms)
sesquiterpene types in essential oil
sesquiterpene lactone(especially rich

in Compositae)

abscisin(ex: gibberellic acid)

diterpene acid in compounds of plant resin
gibberellin(ex: gibberellic acid)
sterol(ex: sitosterol)

triterpene(ex: g-amyrin)

saponin (ex: yamogenin)

cardiotonic glycosides

carotenoid(ex: B-carotene)

rubber(ex: rich in Hevea brasiliensis)

phate(Cy)7F =1L geranyl pyrophosphate®}
isopentenyl pyrophosphate’} Z3%3le] farn-
esyl pyrophosphate(Cy;)7F A= F 7)<
farnesyl ©9| 22 ¥ triterpenoid”7} YA €}
Triterpenoid= 671 9] isoprene @9l 2 o] F9o]
A g2 A vuz H3st g4F2E A

Aol %7} —OH, —CHO, —COOH ¢} &
718 2t3 7)o &Lt A FPES B
sterol, triterpene, saponin, 744l v =] S o)
v}, 5 22}¢] farnesyl pyrophosphateo] A o]
oA squaleneo] 2 E triterpenoid A FE=
= squalene ] YA Tl wel oJeFF2

f2 oo

m o du o
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isopentenyl pyrophosphate {PP)
(Cy)

geranyl pyrophosphate — monoterpenes

triterpenoids (Cip)
1IPP
X2
squalene «——farnesyl pyrophosphate— sesquiterpenes
(Cy) (Cis)
IPP
X2
phytoene “—~geranylgeranyl pyrophosphate — diterpenes
(Ci) (C)
5IPP

carotenoids
(Cys) (side chain)

Fig. 4. Biosynthesis of terpenoid®.

glE# o]l =7} WAAFETE Squalene?) #HEL
squalene expoxide(2tA$]%])o] protonation
(2 @ BezA AAE =Y 719 chair-
boat-chair-boat & 3% chair-chair-chair-boat
o2 wAlE+= 297 9ot Chair-boat-chair-
boat 8ol = lanostane, cycloartaned & & Eo]
M= chair-chair-chair-boat & ol &=
marane, oleanane, ursane, lupane# Z&d&o
A E ) Lanostane# ol $3l= tEXH]] &

lanosterole]® cholesterol &4 9 F8
LAl tH AR A2E =F4de Fx).
SR 20-epi-proto-
panaxadiol ¥ 20-epi-protopanaxatriol2- dam-
marane# E3&o|t} Oleananes &2-& pent-
acyclic triterpene® 74 %ol 484 U= &
ZAEolH B-amyrino| 71E35HEo|H oErA]
aksA7H g E e Oleananedl o]of A<
o) 2& pentacyclic tnterpene ursaned &
A2 a-amyrino] 7]E 3}gHEo]lm K o
2bg}A 7 AR Tk, Lupanedl 318HES ole-
anane, ursane# g2 o]o] dz] 2 AHof
B2y x5o] 9l pentacaclic triterpeneo] ™ lup-
eolo] 718§ =l

dam-

t"
=
&

14} saponin® aglycone$l

dimethylallyl pyrophosphate

solanesyl pyrophoshpate—ubiquinonones

nax ginseng)S W|&3le] A& (Bupleurum fa-
lcatum) 2E(Akebia quinata), 7ZZ(Glycyr-
rbiza uralensis), 27 (Platycodi grandifior-
A+E-(Phytolacca americana), A (Poly-
gala tenuifolia), %%u} {(Cimicifuga simplex),
2| (Sanguisorba officinalis), $%3](Albizzia
julibrissin) 5] )t}

Spirostane] 33E2] glycosideE &3] st-
eroid saponin®|@+il 3}1L spirostaned %)
+ steroid sapogenine]gtats 3t steroid sap-
oninghf- Yeko 2 = EE-A (Smilax glabra), #

2 (Anemarrhema asphodeloides), "WE%(0O-

um),

phiopogon japonicus) 5-©] AT,

2) AbZELIL| 7|ET F{ ot AlEHel ME

Triterpenoid glycoside®] #8948 &5

::O] ],}-_:1_7__ ,Q.?‘ﬂ Z}_Q— }\E-Z}_Q_ —‘él S ponln_o,} A)
7(

Fo] yepdtt, saponinols A, 5
Z394], 3249, cholesterol A} &3, 32
el o) P&, Fhgute], g, AL

Mako] 71t) 7

ﬂ%

o, 393

5 T3 2h8o] daix ookE
3_[‘,}_3\3.39)'

FAHLR FhH 7L L& 28 FAlel=
Q! triterpene saponins< 3t} i o8 B
Z A& (sugar side chains) 4] A tetra- &
£ pentacyclic triterpene aglycone (2] ZA}o]
=9 MEssE 2R)oz P fon o

VES 493, ol As, 4 A9
Kol E
= -

\ﬂ:i

T’H‘l‘ ~°1 e Trit-
erpene saponins % oleanane® triterpenes&
2150 7hd de] £x50] e A sEEEA
S A B4 3 39F, 944, A
2y 2HE AsEay 5ol Yt 2 Fust A
W QOleanane® triterpenese] Ex}Ez9} st
FZA0 g tFE A2l aglycone?] o]&& ¥ 8
ol EAI

A 37 Gei) v Aok PRI o}
Fe A FHeka Aded FHiool Al del
1

ve
7Fx= E A QI triterpenes?] aglycones< ole-
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Tabie 8. Chemical structures of oleanane-type triterpenes

Substituent
Name
16 23 24 28 30
/9—Amyrin H CH;; CH;; CH:; CH;;
Oleanolic acid H CH, CH; COOH CH;
Erythrodiol H CHj CH; CH,OH CH;
Gypsogenin H CH; CHO COOH CH;4
Echinocystic acid OH CH, CH; COOH CHs
Hederagenin H CH.OH CHj; COOH CHj
Queretaroic acid H CH, CHj COOH CH,0OH
COOR3
W
Ri Rz Ra Ry Ry Rz Ry Ry
7: -H -H -CHs -H 6 : -0H -CHy -Glc -Ara:
1: -0H -CH -6l -Ara’~Gl
1 : -Ara’Glc -Gle -Cis -H 2t -0 ~Chy e A
. -Gal3- = -C -H 3: -0H -COO0CHs -Glc -Ara
2 Gal™Gle Gle s 4 -0H ~CO0CHs -Gle -Ara’-Gle
6 : -Ara ~Gle -CHs -H 5: -OH ~C00CH, ~Glc -Gal’-Gle
. Apad _ - - 7: -H ~COOCH; -6le -Ara*-Gle-Gle
9: Ara3 Gle H CHy H 1w coocs I i
10 : -Gal>-Glc -H -CHs -H 16 -H ~COOH -H -Ara:-Glc-Glc
.. - - ~ 8: -H -CHs -Glc -Arg™-Glc-Glc
11 : -H H COOCH; H g o : A
12 : -H -H -COOCHs -0H 9 : ~OH -COOCH3 -Gle -Ara®-Glc-Glc
18 : -OH -C00CHs -H -H
3: -Ara ~Gle -CO0CH; -H 10+ -on oy e e
4 : -Ara’~Glc -Glc -COOCH; -H i; : -gH g:{ﬁ 'ﬁ’c -gch
¢ -0H - - -]
5 : -Gal*-Glc -Glc -COOCHa -H 12 -H “Ch, ole Gleas-tyl
Ara : a-L-arabinopyranosyl 13 -0 -CHs -Gle ~GlcAs-Xyl
Glc : f-D-glucopyranosyl Ara : g-L-arabinopyranosyl -Glc © B -D-glucuronopyranosyl
. “N- Glc : B -~D-glucopyranosyl -Xyl : B-D-xylopyranosyl
Gal B-D galactopyranosyl Gal : B-D-galactopyranosyl
Fig. 5. Chemical structures of six oleanane Fig. 6. Chemical structures of seven oleanane

type saponins from brans of the qu-

inoa grains,

anolic acid¢} hederagenin ~12] 31 phytolacca-

type saponins from

inoa grains.,

genic aCidO] 1:}11.21.2(;.27.40,41,12.50)
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A g 742 8te] 7l F ol AbE 2] & aglycon-
es?l oleanolic acid, hederagenin 12|31 phy-
tolaccagenic acid®| 3}t Ze] ulE AR}
ol 5 AW EH theFsitt

T Mizui §'2 FAeolFA S =45 &
£ 7 (Bran of quinoa)Z%-E 137}7¢] oleana-
neAdl AVZEUS FE8det 137HA AMZEESF 3
7N oln] &bl EA st slE 24 F Hede-
ra nepalensis2% 8 E#]¥ HN-Saponin F(Z2
& o] A W& 6), Panax spp. 2l Rizomesoj A &
2]¥ chikusetsusaponin Va(1®d 6ol W&
10) 9} o] A EF 2ol A Fof# quinoside D( 1%
6ol A W35 12) ¢l oleanolic acid AFxEolt} o}
B x] 10789 338 Aol AFxd 1~5 (1¥ 5
AA Mz 1~5)9F Aol AFEH 6~10 (27 6
ol W& 7~9, 113 13)& AF7A &HAA
F2 M2 Aol

o]lS 3}3HE-S methyl spergulagenate, olea-
nolic acid, phytolaccagenic acid®} hederag-
enin®| aglycones 73l AP o2 $heha &
B opg o 2ok

oAtz 1 : 28-0-8-glucopyranosyl est-
ers of hederagenin 3-O-8-glucopyra-
nosyl-(1—+3)-a-arabinopyranoside

wolAlxE W 2 1 28-0O-8-glucopyranosyl est-
ers of hederagenin 3-O-g-glucopyra-
nosyl-(1—3)-B8-galactopyranoside

oAb Z W 3 28-0-4-glucopyranosyl est-
ers of phytolaccagenic acid 3-O-a-ar-
abinopyranoside

wolAbEY 4 @ 28-0-4-glucopyranosyl est-
ers of phytolaccagenic acid 3-O-g-
glucopyranosyl-(1—3)-a-arabinopyra-
noside

FArolrlxzY 5 : 28-O-F-glucopyranosyl est-

ers of phytolaccagenic acid 3-O-4-
glucopyranosyl-(1—3)-S-galactopyra-

noside
woAbEW 6 @ 3-O-(8-glucopyranosyl (1
—2)-8-glucopyranosyl (1—3)-a-arabi-
nopyranoside )-28-O-8-glucopyranosi-

de of 30-O-methyl spergulagenate
FALolrAEzY 7 1 3-O-(8-glucopyranosyl{1—
2)-B-glucopyranosyl (1—3)-a-arabino-
pyranoside)-28-O-glucopyranoside of
oleanolic acid
oAbz 8 1 3-O-(8-glucopyranosyl (1—
2)-F-glucopyranosyl(1—3)-a-arabino-
pyranoside)-28-O-g-glucopyranoside
of phytolaccagenic acid
wo}AFZ Y 9 @ hederagenin 3-O-g-glucu-
ronide-28-O-#-glucopyranoside
HAr=obAZF10 : hederagenin 3-O-8-xylopy-
ranosyl(1—3)-4-glucuronide-28-O-8-
glucopyranoside
Heinstein 522} Meyer 54|
o} TAZYEH ¢
7 2] 2]AL8
ut A& oA AL
ezl
tded 547 ALEY 2
glucuronic acid 9] free-COOH 1§
FAFHAN M 2™ 7). wEpA
2 Ao A AAHE F a3
2 oleanolic acid AFE 1, 2, 33}
Axolr = AQl ALz ol5 AFA FHEHAU
o}, o7A Aol = AE olean-12-ene-28-
oic acid, 3, 23-bis(O-g-D-glucopyranosyloxy)
-O-£-D-glucopyranosyl-(1—3)-O-a-L-arabino-
pyranosyl ester(38, 4a)olil AFEY 1~4%
oleanolic acid®] ZadFAlo]m=Z Al Alxd 49]
AL+ 3-0-[(B-D-xylopyranosyl) (1—3) ]-8-D-
glucuronopyranosyl-6-O-methyl  ester ]-Olea-
nolic acid2A] Af2-& A 31g-Eolc),

i
>

>
H
'

IU‘O :114 0 ﬂllO o

R
>,
1
fru
k)
oo M
giis
Ak

w
rlo

£ r oo oy A

Ru =R A T

AV )
SIS

PELR

R
r\r il ¢
L e o

Loy B

N

= L
ko
>
>
o

M
[o

o}

rx
>

1
©

r
O

Or_mw
2
Q

ox M 2 2 L oap rf}
o

e
g o {o MiF

>

ot o re
ox X W X

ol 42} go] Mot F4, F3l A% Aol 7
2402 B Axel $RE BRekD 9]
o) thbe AEd 4Rse] ue thd the
HE B ol BAs e Aol vlFol %
o W o® o We ol ALEUS Wilo B
3 A0 o) 50 U@ HIT BEFYEHL =
Abstel 918, 54, Aol Gl FEh 2old

oF @ o]t}

— 157 -



w7 o i ”H,o i
OH OH
OH OH
2 R=R"=COOH 4 R =COOH
3 R = COO-Glucose, R’ = COOMe
R’ = COOH

Fig. 7. Chemical structures of four glycosides
of oleanelic acid from Chenopodium

quinoa®,

v 2 ALz shgko] &
Bof ule}, 7ol uh} E} &gt 2ol & Bolar Q)
2wk ek 0,101 5%<] B eIt EA 3. 3

A deldog go] /I HER Ut F
quijalla(Quijalla saponaria) ¥ 3#°lE 10%<]
Atz defo] Eo] 13l Gypsophila panic-
ulata®l Bgole 20%9 Axd FFol 2o 9

-

ARG EvtE AFX], ofxd AL T3
2 g HArolr w2 AlEd RS A
o Atz ek diek 0.01%°01 M 5.6%9 ¥
ot on AU FAxof FTHL 25
ByxEglom o] 49 2]&L perianth, peri-
carp, 3% 18|31 FEF} v Fol £
2_‘5:}—% ]:}.9.27.47).
A7 FAxol AAxd TS A

< 3 9 71" Az o] ofgrhx] Wi ol

T

Table 9. Reported saponin contents of qui-

noat
Method Saponin content{%)
Gravimetry!®® 1.5~3.9
Foam™’ 1.7~2.8
Hemolysis! 0.1~0.81
HPLC 0.44*
Spectrophotometry'® 2.3
GC® 2.1

* Sapogenol content

=, ol WS FH¥Y(gravimetry), #E2
Zolg ZAst= ¥ (foam) ¥} £Hu-$8 (he-
molysis) < 7Hegh ol A3t QA HE

7Hr aﬂﬂoi s At Oi—‘?—ﬁ‘ =

o}-Z2] (aglycones :sapogenols) 4] oj]
*]%‘ Aok 2 dAF o R AlEd ¥
242 AZvEISRIHH S o] &3 Alxd
(sapogenol)oﬂ gk k& %9 &
(mass-spectrophotometry)& E3F Ab
T;ﬂg__ __243}, ;dx—l o] AR=- 3+3}k

=
8 ale el Rush H Yok

dr 12 Mz lo op it b
Mo

2
a

3«:}:% ‘::‘:Ll—\:‘:]'j’— @.1447,48.501_
o} ALEU-S 23 Koziol(1992) & X ate
913} afrosimetry (Eol A 74%2 A A=
=g)oz 2AE 87/ FHxo} ZZ(Romero,
1981) 9l °‘°1/‘1 FE1 /\}i‘”‘ e 017} 0.4
A 5.6%(AEF 718 &
Moz A 0} 6970 F5& A P"‘} vt IZZ} A}
9 3= "ol 0.019014 4.65%° ETS
A =
Gas chromatography ¥ 0 2 F|-o}e] Al
d& E43 Ridout F#of ot d=ol A
1987“] 2 19881 A Hroof Fxpe] ALEIE
2 77} 1.03, 1.19%%5 YER L o] F A|S
(1987 1988WsH 9] F8 AlEd AEE 29
oleanolic acid AFEWe] ztz} 309} 34%clx
hederagenin A} & z}zt 279} 24%0] 3L ph-

filo
o



ytolaccagenic acid APEH-S Zhzt 439} 42% %
712t BUEEIHY ALEUI AREALTE
ghef zlol 7t Ao A A S W] gkt o]
o} vl e EFW ope} AMEd e im
Coloradox|9ete] M= thE Aol A #uld
wobiE 2z Hol g yoln, mglk A FollA
E3) axo wet Az @Eko] gt s
wre Ao A 2k #HAoprt *}E‘d o]
o= B a7} Qo E3] Johnson 522 he-
deragenin(1.4mg /g)oll ™3} oleanolic acid(3.0
mg /g) ¢l vl 2,304 8.6=2] WolE Hoj
1 9o o] Woje & Be YIS v
o, triterpene@eFe EZ Real de Punod
6.3mg /gl A 3Bl Sajama$®] 0.06mg /g®l

iR

ol=
o o B FAE ¥ vwel Jue A
Y dokal B skl

ool Al A gk Fieo} F4d 79| Fmof ALE
W 1~59 AEE Blg2 247} 0.7, 0.02, 0.03,

OQ

0.3 282 0.03% 24 FeofrlEnd 101 7}XP =
Qa1il F ol ALEY 6~103) 7] BT T
Mol AtEde] dE3ek vg-2 72tz 008 0.02,
0.16, 0.1, 0.02, 0.06 2B 1 0.08% &2 #xo}
Z4 Ao FxoAtE W 99| ARl 7 g2 A
S 2 e,

75 Fol T4 25 1Y
S 2t uf ol A Fo]§A] o] Af
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Table 10. Hemolytic activity, saponin content, 1,000-seed weight, and abrasive hardness index

of 17 quinoa cultivars® ¥’

Hemolytic activity®

Saponin® content

1,000-seed weight  Abrasive hardness

Cultivar (HA /3g) %) %) index(sec)
Oca Suca 2.6+0.0 0.14 2.42 51.4
Blanca de Juli 2.8+0.4 0.15 2.60 50.8
Blanca de Junin 2.9+0.0 0.16 1.99 46.7
Puno 8-80 3.2x£0.0 0.17 2.46 60.2
Puno-15 3.7£0.5 0.19 2.08 48.1
Kancolla 4.4+0.5 0.23 2.31 45.9
Cheweca 4.8+0.3 0.26 2.39 40.3
Kancolla Rosanna 9.9+0.5 0.46 2.55 55.9
Real 11.7+0.6 0.50 4.04 56.9
Kaslala 12.7£0.3 0.53 4.71 65.2
Wila Coymini 13.0£0.7 0.54 4.50 66.7
Janku 14.1+£0.4 0.57 4.82 60.6
Kellu 14.2£1.9 0.57 5.08 80.0
Puca 14.5+0.8 0.58 3.45 46.2
Pasancalla 15.3£1.6 0.60 2.65 43.6
Chullpi 16.5+0.4 0.63 3.19 54.5
Amarilia de Junin 22.3+3.5 0.73 3.87 55.4

2+ Hemolytic activity and saponin content are based on duplicate determinations, whereas 1,000-seed weight is
based on quadreplicate analyses. Abrasive hardness index is based on the slope of a line with 5 or 6 points.

All analyses are on a dry weight basis.
b: Mean and standard error.

¢ : Calculated from hemolytic activity on the basis of a saponin standard obtained from the Fisher Scientific Co.
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Fo] gd 714 22l 88 Al 7] (roller-mill-
ing) So] AF&-Eoman o]Qof] FAe] b
ao] 7AA Wyl 74 (abrasive-type dehu-
ller) ¢} The small-sample Tangential Abrasive
Dehulling Device (TADD)7} ZtE o] AHEH
o dokn Abrasive DehullingS AF&-3F Rei-
chert S%e] AFA 177 FF &¥&
(hemolytic activity)oll W& ALEY &
A E 109 2oh
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