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FROM THE PRESIDENT
OF THE AMERICAN
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It is a privilege to
have this opportunity to
address you through this
publication of the
"LEGACY". T must accept a
major portion of the
responsibility for the delay of
the publishing of this
newsletter. The great news is
" HERE WE ARE."

Thanks for all the
support from the American
Amaranth Institute and Institute
for the Development of
-Amaranth“Products in assisting
me in this development. My
special thanks to Jim
Lehmann, Deb Bergsather,
Marvel Prafke, Lorraine Hove,
and Shirlee Jelle for their
contribution of energy and
assistance in making this
publication a reality, and to
all those individuals that have
contributed editorials and
advice to the American
Amaranth Institute on this
project.

I would also like to
thank Rodale Research Center
and Leon Weber for the
opportunity to co-author the
1988 Amaranth Grain
Production Guide as a joint

-

- venture with the Institute, and

to the Jesse Smith -Noyes
Foundation for their assistance.

Appreciation  is herein
extended to Larry Walters, past
president of the American
Amaranth Institute. Larry’s
leadership in the American
Amaranth Institute has helped
establish the Amaranth
Industry .

To you the professionals
of the Amaranth Industry and
interested parties, we wish to
assist you in your efforts by
offering research papers,
editorials, and interviews with
professionals of the Amaranth
Industry .

I would also like to
introduce you to the officers
and directors of the Amaranth
Institute. Each officer has a
specific area of contribution
that they are working on but
not limited to.

President - Edward S.
Hubbard -Executive
Administrator ; Vice-Pres.-
Wayne Applegate -
Membership; Secretary -
Mike Irwin - Relationships
with the Organic Industry
and other organizations;
Treasurer - Herb Kaminky -
Equipment and cooperative
establishment efforts.

Directors: Leon Weber -
Seed certification; Larry

Walters - Certification
standards and endorsements;
Marvin Stumpf - Articles, By-
laws and Nominations; Jim
Lehmann - "LEGACY" and
research.

JOIN THE AMERICAN
AMARANTH INSTITUTE
TODAY !

IN THIS ISSUE

Carbohydrates of
Amaranth
by J. Lehmann

Editorials
by E. Caldwell
and R. Hall

Interview with
Larry Walters

Application for
Membership
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amaranth we say "Welcome o
the club" of agrlcultural
products which food processors
can con51der as avallable to

By Elwood F. Caldwell,PhD.,
Execuwtive Editor

CEREAL FOODS WORLD

aboﬁt amafanthi :
them are in direct conf lict with

51tuat10n 7
amaranth doe

analyses, is'c: Hed 4 g nd
tends to be used as one or
mixed with other grains. But
I also see ‘many differences,

some -of  which are more
crltlcal to 1ts ‘

like them, its uses are likely
to be of a specialized rather
than a staple nature, based on
special sensory; nutritional or
functional  properties and,
perhaps most’ imp‘ortant cost ito
the processor.. .. . .

Fhe fact. 1s that cereal
gram products form ‘some part
of most processed foods. This
is one reason why the
American Association of Cereal
Chemists has a broader
membership - than other
© societies that are-commodity-
oriented, and 1 believe
accounts for the broad
acceptance of our monthly

-Some of b

Agronomxst

is'the- trueJ,,,'
As- T _see .it, 7,:!'

, e cereal grams' :
,ﬂheat 0T . oats I :

: hxgh wmds an' a»m

ture than the -
i ke buckwheat -
d wild rice, it is not
botamcally 3 cereal grain, and

periment
'favorably
L matunty

By Robert G. Hall,

t:the South Dakota State
: Unxversxty_ Brookings
Agronomy Farm in the -
One
" experimental line was early

summer of 1987..

maturing and the other was
late maturing. The .plots

ly-

dzrector on the Board of
Directors of the American
Amaranth*lnstltute Larry is

ed ‘his

y-an ,
~MS from Cleveland State
University, Cleveland, Ohio,
mand ‘his:BS from: Upper Iowa
- University- at Fayette, Iowa.
He has also attended semmars

- Gulf Coast ‘Marine iResearch
Labpfaf ory .at B;loxxe

were planted but were not techn

harvested f or yleld be

that the earliest maturing hne
would hkely have matured

while it is not known whether’

the latest maturmg line

of Amaranth productwn in
South: Dakota would :appear to
be: 1) planting :-equipment
and 2) a reliable ‘market
source. for-amaranth. grain
which would encourage the
productxongi ; crop

It wou!_d._ appear

_.an informative presentatlon by

In '1979 Larry attended

listening to the presentatlon
In- 1981, after doi it of
reading -and research .on the
grain, Larry-and his brother
first planted 2 1/2 acres of the
amaranth grain. Now, in 1988,
they are planning to plant up
to 15 acres and will be
focusing on hybrid seed that
- they are developing. They will
also be planting plots.of 2 1/2
acres for experimental plots
using the- different hybnd




research seed Through the

research farm.
adaptation, ‘and: product
development and- marketmg of
the -amaranth grain and
finished: amaranth food
products.- :

Larry is a shareholder
in Nu-World Amaranth, Inc.
which processes amaranth

researches -
markets the grain in the US.
and outside the U.S. They

have developed and marketed

amaranth grano'lda “bar

products,’ muf‘ in, pancake
bread -and- speclalrty mixes.
Larr

point “for--amaranth-is the

"good food value or nutrition

and great ‘taste," but 'this is

also the ‘hardest point to sell

to the consumer, as most

people eat'foods for pleasure
d

ii ic te ‘to the consumer,
whetlier the ‘general food

industry - or “the individual
homemaker, that when buying

amaranth products you "get
moré nitrients for the money.

spent than in most other

Admmrstratlon’s standmg on-
amaranth. -The FDA has now

recognized amaranth as a

"grass substa ce', a saf e item

way and with-the exrstmg crop
research it ‘will ‘continue as
universities and private
industries and/or 1nd1v1duals
become -involved."

achmeryr

‘amaranth, and

said the strongest:

~ "The marketing should
be one of ’supply-and
demand’ * with a process of
balance.” Hopefully, the
producers will produce enough
grain to meet the demand and
still receive a good return on
their investment, and-the
demand will be great enough
to offer an incentive to
produce and an incentive to
mdustry to- market new
products

LEGACY IS BINDER
REA.DY

The Amerrcan Amaranth
Instrtutes Newsletter has a
new name, LEGACY, and a
new.layout. The "new look"
is-designed and punched so
that the- newsletters may- be
placed in a-3-ring binder for
storage. In this way the
articles and ‘information

contained: in the newsletters
can be used’ for future
reference

1933 PRODUCTION

+.-The 1988 AMARANTH
GRAIN - PRODUCTION
GUIDE: has been published
and is now' available:from the
American -Amaranth’ Institute,
Post Offlce Box 216 Bncelyn

Research Cen er and the
American Amaranth Institute.
The. production guide-is
included with your annual
membership - fee-of--$25.00.
Individual - copies may be
purchased for:$5.00.

1’d'e 1s co-

..A. cruentus:

~ for evaluation. :
.- large flower panicle on a four

7 matures-and’p
" green: I

GLOSSARY

A hypochondriacus: 1023

species  Grain Type:
mercado. - A standard
mercado. grain type line. It
develops a red root, green
stem; leaf ‘and “flower. It has
excellent 'seedling. vigor, and

_produces. a large, white grain.

It grows up to eight feet tall
when moisture and fertility are
not limiting. - It is limited to
areas ‘with 'a ‘long growing
season, as. it requires about 150
days to mature

K283 lpeclel
Grain Type: ~MexXican x
African. ~A dlstmgmshmg
marker is the red leaf margin
and red. leaf veins. - Flowers
develop varying shades of red
and pink. Tt - matures about a

" week eatlier than 1011. Under

optimum  growing <conditions
plants grow -up:to six feet
tall. ~The white grain is
slightly smialler than grain of

~the Mextcan gram type ‘plants.

A hypodmndnacul x A

hybridus: . K343 species
Grain Type: mercado x
prima. " This line has a

. red root; green stem, and a
‘hint of a red patch.6n a green

leaf.” - At maturity ‘the entire
plant ‘may turn red. Days to
maturity are determmed by the
time: of planting. When

planted in eafly-June-at Rodale
Research. Center it. matured a
week later than 1011.
However; it matured earlier
than the Mexlcan gram type

growers have noted 1ts superior
standability after. a killing
frost. It ‘produces large white
grain.. —

A hypochondriacus x A
hybridus: K432 species
Grain_ Type: Nepal x:prima.
The first - semi-dwarf released
It develops a

foot plant.-  Dufing the first
weeks of growth: there is a

: chstmctwe purple patch in the

center:of ‘the leaf. The purple
pigment. fades as the plant
“plant-becomes all
ratures about a
week before 1071 and produces
large;whrte grain, -




CARBOHYDRATES
OF AMARANTH

by Jim Lehmann, Iowa State
University , Ames, Iowa

‘The granular starch of
grain amaranths is found in
the center of the lenticular
seed. In contrast to "grass
family" cereals as oats and
corn,' the central storage
area of the seed is termed
the perisperm, not the
endosperm. The perisperm is
derived from a maternal
tissue. called the nucellus
and is genetically diploid.or
2n. Corn and oat starch is
formed-in the ftriploid (3n)
endosperm, which is formed
during fertilization.

~Amaranth is the first
documented case of a
broadleaf - plant or dicot
which has both glutinous
and non=glutinous starch.
Extensive studies on both
the translucent and opaque
perisperms showed: that the
former contained amylose
and amylopectin while
- .opaque -contains ,almost
entirely amylopectin.
Amylose is a linear starch
polymer of up to 6000
glucose molecules.
Amylopectin, on the other
hand, is a highly branched
structure _consisting of

- numerous short amylose
chains. Japanese researchers —

have ‘determined that one
_gene controls this starch
¢haracter (Okuno &
Sakaguchi, 1982).

SEE TABLE"]

"An Amaranthus
hypochondriacus seed is
about 60% starch by weight
(Becker et al., 1981)
Starch contents in A.
cruentus seeds range from
48% to 69%: Less than one
percent of the seed is
sucrose. Only trace
amounts of free fructose and

glucose have been found in
the seed (Lorenz &' Gross,
1984).

Amaranth starch

- gfanules are unusually small,

only 1 to 3 microns or
micrometers in diameter.
Contrast the oval starch

granules of potato which are

100 microns in diameter .

The smallest, commercnally-
used starch granules are
those. of rice (3-8 micron
diameter). Typically,’such
small granules are most
useful in food thickeners, as
dusting powders in
cosmetics and bread-baking
pans, .and in laundry
starches. These tiny
polyhedral and round
starch: granules were first

identified over 20 years ago

in- redroot pigweed (A.
retroflexus L.). The
scientists who disc¢overed
similar  granules in cow-
cockle seed (Saponaria

vaccaria) also patented a

refining process. (D. L.

Brelsford and KJ. Goering;

U.S. Patent 3, 622 389

Petersen. 1975).

Recently, Japa-nese
investigators have found a
starch granule-bound enzyme
(synthase) to be associated
with amylose synthesis in
amaranth (Konishi et al.,
1985). A homozygous non-

-waxy (WxWx) line and_a .

hybrid (Wxwx) produced

-16.9% and- 10.7% amylose
‘respectively, while ‘the

homozygous waxy (Wxwx)-
line produced no-amylose
i.e., all amylopectin.

Synthases, as their' name
implies, are biosynthetic

enzymes which: link:-glucose
molecules together.during
starch formation. They may
be found in soluble form in

the cytoplasm or bound- to
~ the starch granule. In-waxy
maize, researchers have also:

found “an absence ‘of the
granule bound starch
synthase (Preiss & Levi,

1980). Smce amylose ‘has
been shown to be. capable
of absorbing synthase in
certain waxy rice and maize
lines, its presence may be
necessary for the synthase
to. bind to the starch
granules. The amylose
content of various amaranth
lines ranges from 4,8 to
22% (Saunders & Becker,

1984; Tomita et al., 1981).

The percentage of amylose
in these non- glutmous or
non-waxy lines is low
compared to amylomaize (50—

(28% amylose) Normal corn
starch is about 24-26%
amylose.

- Amaranth starch
granules are attacked more
quickly by fungal
glncoamylase a starch-
splitting enzyme, than are
the granules-of cornstarch.

- A Japanese study determined

that normal and waxy
type ‘amaranth starch was
dxgested from 2.4 to 5
times faster tham corn
starch (Sugimoto et al.,
1981). Stone & ‘Lorenz
(1984) suggest that both
corn and amaranth starch
are not readily-attacked by
alpha- amylases ,

An interesting
observation about
endogenous amylase of

- amaranth_see

reported
1986): amaranth fleur
stored for short periods
showed up to 11% starch

breakdown  while. longer

storage periods resulted in
up to 18% hydrolysis.. The
authors point out that "in
general, cereal grains do not
show major activity [starch
hydrolysis by endogenous
enzymes] until
germination.” Additionally,
amaranth/wheat -blends also
showed enhanced levels of
starch hydrolysis or
breakdown.

The functxonal



properties-of amaranth
resemble: those -of  rice,
probably due to the small
- starch - granule “size. Like
rice, waxy amaranth starch
is-a poor performer in bread
and cakes (Stone & Lorenz,
1984). However, the
functional properties of
amylose-containing amaranth
linés were not studied by
these authors.” They note
that, the amylose content
of starch affects baking
performance "(Stone &
Lorenz, 1984).
Amaranth/flour blends have
been effectively processed
into enriched cookies and
‘bread (Sanchez-
,;,m et al, 1985)

"'(Mendoza & Bressani,

1987).
Gelatmlzatlon or
absorblng water and
{ling *at=a critical
temperature’ is' well known

in starches. Non-glutinous
rice starch shows a hlgher
temperature for the initiation
of gelatinization than both
waxy and non-waxy

amaranth (Sugimoto et al.,

1981).- Wheat,
comparatlvely, has about a

10 degree Celsius lower

initial gelatinization
temperature (Saunders &
Becker, 1984). Amaranth
gelatinization temperatures

from 51 to 76 degrees .

Celsius have been reported
by Japanese researchers
(Tomita et al., 1981);

apparently, there are

significant species and

varietal differences: The:
low gelatinization

temperature of some
amaranth lines may be

useful in vegetable soups

(Yanez et al., 1986).
Similar to waxy rice

(Schoch, 1967), starch of

gold-seeded A.

hypochondriacus L. shows

rwstance to msolubxhzatlon

by freezing. In other
words, the starch remains
relatlvely stable after
repeated freezing and
thawing. Yanez et al.
(1986) suggest such a
property would be désirable
for- gravies - and sauces.

Fermentation of
amaranth starch is poorly
understood (Aidoo, 1986).
An early fermentation test
on redroot pigweed starch
(Goering, 1967) suggests .
amaranth starch may be
digested more rapidly and
completely than cornstarch.
Amaranth fermentation has
also been -studied ‘in the
production of Mexican
tamales’ (Ramlrez ~Valazquez,
1983).

Other areas which bear
on amaranth carbohydrates
are mnllmg, processmg, and
popping properties. These
areas will be discussed. in
future articles.

TABLE 1 Starch and perisperm types based on Amaranthus hypochondnacusL

BT "Pemsgerm,- type Starch miolecule(s) Waxy. og non-waxy (_?._g;g_xgg
Translucent non-waxy,. - WxWx

Opaque

AREAS FOR FURTHER

1. WET MILLING
‘CHARACTERISTICS OF
waxy and non-waxy
amaranth starches. 2.
SUITABILITY OF
AMARANTH -STARCH IN
R I CE+-L1KE
“APPLICATIONS. "As stated
earlier, laundry starch,
puddings,-and cosmetics are
- probable-areas of smtablhty

vbased on small granule size.

3.  DEFINE MORE
COMPLETELY
CHEMICAL, PHYSICAL
AND FUNCTIONAL
PROPERTIES of amaranth

Amylose + amylopectin.

Amylopectin: . waxy

non-glutinous

* glutinous

starch and develop productr ‘
,appllcanons which exploxtr

unique "~ propert

4. CHEMICAL
MODIFICATION of

amaranth starches:

‘Depolymerxzatlon, cross-
linking, cationization, and

carboxymethylation could

produce novel -and unique -

properties (Fleche; 1985).

‘5. AMARANTH STARCH
AS A CARRIER IN

AEROSOL COSMETICS.
An area previously
suggested by Saunders and
Becker (1984).

6. SUSCEPTIBILITY OF

AMARANTH STARCH TO

ATTACK BY VARIOUS ;

Iodine Test
Blue-purple

wxwx  Reddish fbro.w4n‘

AMYLASES AND

‘DEBRANCHING |

example, various. dereal

bacterial, and- fungal
amylases should be. tested
7 ,
EN D 0} G E N4 U S

" AMYLASES in amaranth

cereal/blends with respect to
starch hydrolysis,
dlgestlblllty, and
fermentation, especxally
ethanol fermentation. 8.
BIOTECHNOLOGICAL
STUDY OF AMARANTH
SOLUBLE AND STARCH-
BOUND SYNTHASES.



Amaranth starch™is a
renewable resource: of relatively
unexplored potential compared
to major cereal starches. With
the recent expansxon of
amaranth - production " in the

People’s Republic * of China =

and mcxpxent proqluctxon m

: , » ffor
basxc___st:arg f r_ic_:tionality\and

product-oriented research
becomes greater. Researchers
should be aware ‘that there
are. - probably species -and
varietal differences for many
starch: aspects. No longer
should we state quantitative
results for amaranths-at—large.
there. are over 60 species of
amaranth in the world and
probably 4-6000 lines of
- domesticated and wild
amaranths in the base and

regional germplasm collections.

Over 3000 ‘research
articles on ‘amaranths are
known from scientific
literature 'yoincreasing
industrial, enitrepreneurial, and
academic awareness of these
plant resources, we hope to
advance North- America’s
ancient crop: toward 1ts future
niches.

AMAR«ANTHﬂGARB@HYD RATE
LITERATURE with "ANNOTATIONS

Aidoo;, KE .198:6. 'Lesser
known:fermented-plant foods.
Tropical: Science: 26:259-273.. (Deals
with fermented foods. from unusual.
cereal, pulse, 1 ‘and-tree sources. )

Becker, R. ?Wheeler, E.L.,
Loreng, K., Staﬁ'ord AE., Gros,}ean,
OK,, BetixschattFAA and Saunders,
RM 1981, A comipositional study- of
amaranth grain. J..Food Science.. 46:

1175-1180. (A comprehenswe,‘ '

amaranth lines.) Y
Betschart, ‘A.A., Irving,

Shepherd, -A.D-, and Saunders, RM.
1981. Amannﬂius cruentus: milling

characteristics, distribution of nutrients

within seed’tomponents-and the -effects
of temperature on nutritional quality.
J. Food SCI

varietiés: covérmg
studxed )

technology
York. (Gene al- pr

starches.

starch chunks ‘from *mtttnthul )

retroflexus. - Céreal ‘Chemistry.:
44:245-252. 7(Ph'ysi<’:al' properties of
redroot pigweed starch ‘were studied
after wet milling.)

46:1181-1187. (Effects
ed barley ..

Chem 49(7) 1965-1971.

Fritts, D.H., and Carroll, T.. 1970
New starches VI.. The structure of
the. atm:ch chunks from Amaranthus
v Starke -22:217-221,
8 redmdt plgweed starch

potentlal new - crops
Microstructure '4:43-53. (Scanmng
electron-and fluorescent “microscopy af
A. cruentus and A. edulis:
Irving, -D.W., Betschart,
and Saunders, R:M.
Morphological studies on Ama
it J. Food Sci. 46: 1170
elecl;ron mxcrographs dept

19&1

o =Kond Y No_]lma, H Okuno,

K., Asaoka, M:;-and deetsugu, F.

1985 Characterlstlzatlon of starch

granules from waxy- nonwaxy, -and
] d:

g
(A genetlc
tud i

revea]s a putuatwe sfarch grani
engyme.)
Lorenz, K. 1981.

Amaranthus
hypochondma_as:us i

was tested for m starch and- bread-
making: properties.)- -

~Lorenz. K o and M Gross
1984

Nutnhénal :Reports Internatmnal
(A comprehensive,

20(3):721-727.

amaranth flour. . Cereal- Chem:
64(4):218- 222. ' (A new paper from
INCAP on extrusmn processmg of
amaranths.)

information up:

{Very similar in.content.
. authors’ 1981 and 1982. papers)

McMasters, MM, Bau‘d PD.,
Holzapfel MM., a.nd Rist, C. E
1955, Preparatxon -of starch Afrom
Amaranthus cruentus seed. FEcon.
Bot:  9:300-302. (An' early -paper on
pnepanng amawanth xtarch for

phagocy es: ) -

M D and Kulkarm, PR.
1976 New starches - - the:properties
of the starch:from Amaranthus

paniculatus: Li Acta Alimentaria
5:399-402. (A study of an Indian
amaranth proh;bl waxy A.
3 the Indian

Okuno, K
1981. Glutmous

amaranths.
Commumcatlons 9 305-310

z ,;Sakaguchz, S.
Inhentance of acarch

the ‘single” gene ‘inh itance of waxy
and non-waxy starch types;) i
Okuno, K., and Sakaguchl, S.
1984. leferent'gtlon of starch
property in persisperm-of grain
amaranths.  -Japanese Agricultural
Research Quarterly (JARQ).18(1):1-5.
to. the

Petersen,” N.B." "1975. “Edible
starchés and-“starch-derived syrups.
Food Technology ‘Review No. 24,
Noyes Data Corporation, Park Rldge
New Jersey. (A -basic reference text
of U.S. patent literature on starches. )

Preiss, J., and Levi; C." ~1980.



Starch biosynthesis and degradation.
In Biochemistry of Plants, Vol. 3,
Academic Press, New York. (An
exhaustive, technical review of starch
biosynthesis' and degradation.)

Radley, J.A. 1976. Industrial
uses of: starch.: Applied - Science
Publishers, Ltd:, London. (Details

how smiall granule starches are used in

cosmetics, pharmaceuticals, insect . -

powders, and explosives.)
Raniires-Valazques; F.
Application: of the Indian idli
fermentation to production: of Mexican
- tamales: and South American arepas,
from corn, soybean and amaranth.
M.S. thesis, -Cornell: Univ., Ithaca,
..New York. “(One of the few
fermentation g

sperm of cereal and
1d their geographical

act-on Nepalese -

-starch. types.).

- #% Sanchez-Marroquin, A., Domingo,
M.V.,: Maya 8:, and Saldana, C. .
1985. Amaranth flour blends and
- fractions for baking applications. J.

8t processing
rketing. In

Latinoamericanos de Nutricion,
Guatemala City, Guatemala. - (Suggests
amaranth research. areas; includes a list

. 1988, -

dies. on amaranth.)- -
1982. Waxy

~Japanese ‘of Starch:
> (A Japanese article: .

‘M. 1985.

of other research priorities:) -

.- Saunders, R.M. and Becker; R.
1984. Amaranthus: A potential food
and feed resource. In "Adv. Cereal
Science and Technology", Vol. 6
Pomeranz, Y. (Ed.) American
Association -of : Cereal Chemists, St.
Paul; MN. (The most compréhensive
review of amaranth literature to date.)
<= Schoch,; :
and uses of rice starch. In Whistler,
R.L. and Paschall, E:F. (ed:), Starch:

" ‘chemistry and technology,: Vol. I,

. physico-
| 86:232-287.

- Industrial aspects, Academic ' Press,

New York. “(A general review:of rice
starch.) -~ ¥

... .'Stone, L.A. and:Loreng, K.
1984. The starch of Amaranthus---

funct

(A comparison of the
starch properties of two waxy species
Cwith corn.) - o

“"Bubba: Kao, P.V. and Goering,

K.J.

1970. - New starches. V.
P ;

8. of the small starch granules
f Amaranthus retroflexus. Cereal
Chem. 47:655- 661. (Three
procedures. were used to prepare starch

- granules of redroot: pigweed.)

Sugimoto, Y,,~Yamada, K., and
amoto, S. 1981. -Some properties

Starch 83:112- 116. {(Both gl
and non-glutinous starches were
studied for amylase digestion and
pasting characteristics.) =

glutinous

:1967. - Properties .

~ in+A. hypochondriacus.)

iarches

Teutonico, R. A., and Knorr, D.
1985. Amaranth: composition,
properties, and applications of a
rediscovered food crop. Food
Technology 39(4):49-53. (A well-
researched overview of amaranth vis-a-
vis food technology.) : . .

Tomita, Y., Sugimoto, U.,
Sakomoto, 8., and Fuwa, H.:~ 1981.

- Some properties:of starches:of grain

amaranths and several millets. J. Nut.

“Sci. Vitaminology 27(5):471-484." (A

comparison of. both amaranth starch

" types with starch. granules of proso
. ‘millet, Japanese barnyard millet, and

glutinous foxtail millet.)
Wolf, M.J., McMastets, M:M.,
and Rist, C:E;:1950. Some

.. characteristics of the starches of three
" South American seeds used. .for food.

Cereal Chem. 27:219-222. " (An early
report of the low gelatinization
temperature and small starch granules

Woodcock; -E.F. - 1931, Seed
development in-Amaranthus caudatus
L." Paper Mich. -Acad. Sci ‘Arts &
Letters 15:173-178. “(An early report
on starch in the perisperm of
amaranth.) - - -

Yanesz, G.A., Missinger, J.K.,
Walker, C.E. and Rupnow, J.H. 1986.
Amaranthus hypochondrincus: starch

isolation and partial characterization.

-Cereal Chemistry 63(3):272-276.

(Details endogenous amylase activity in
wheat/amaranth blends and suggests

some potential food -uses.)

i
77 W

N

PROCAMBIUM

CROSS-SECTION

PROCAMBIUM

COTYLEDONS

VASCULAR
BUNDLES

- =B ENDOSPERM

RADICLE
(ROOT)

LONGITUDINAL SECTION



Amaranthus cruentus. Starch from seed. Scanning electron micrograph. 13,820X




