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INTRODUCTION

Amaranth was an important food among Aztecs in Mexico and
other cultures in Central America about 500 years ago (Ortiz de
Montellano, 1978). Recently, amaranth seeds, which are still
consumed and cultivated as a minor grain crop in Mexico and -
various other countries (Bestschart, 1985; Sanchez-Marroquin,
1983) have attracted much attention because of its
exceptionally high lysine content, the limiting essential amino
acid in corn-eating countries, and its uncommon high biological
value as a vegetable protein. In Mexico, some efforts have
been started for industrialized application of the amaranth

crop (Soriano et al., 1987). However, research on amaranth
seeds from both physico-chemical and nutritional stand points
is limited. Investigations on «Wmaranthus cruentus seed oll are

particularly scanty. For instance, it was reported that the
major constituent fatty acids were oleic and linoleic acids,
and that the fatty acid profile was similar to corn (Beadle et
al., 1965, Sanchez-Marroquin, 1983, Weber, 1978). However, the
knowledge about glycolipids and phospholipids, which are known
to be very important for food processing such as baking, was
very poor (Opute, 1979; Singhal and Kulkarni, 1988; Stoller and
Weber, 1984; Teutonico and Knorr, 1985 Tudor and Bean, 1984;
Tudor and Bean, 1985). With regard to the digestibility and
nutritional wvalue of amaranth seed crude oil, only one paper
has been published (Garcia et al., 1987).

In Mexico mainly the traditionally consumed candies made of
popped amaranth seed and meals from raw amaranth seed have
empiricaly observed a very poor stability to oxidation and its
shelf-life is short compared to other meals of conventional
cereals. However, no basic information is available related to
which cause this labile stability to oxidation.

Amaranth grains contain about 12~16% of crude protein which
has a good balance of amino-acids and high lysine content
compared with other cereals (Becker et al., 1981, NRC, 1984;
Sanchez-Marroquin, 1983; Teutonico and Knorr, 1985). Leucine has
been reported as the limiting amino-acid in amaranth protein
grains (Becker et al., 198l).

Several reports have been published about the exceptional
nutritional quality similar to milk-casein of amaranth grains
protein (Singhal and Kulkarni, 1988). Nevertheless, detailed
researches on isolation and characterization of amaranth grain
proteins are scanty. In addition, the knowledge on amino-acid
composition of each protein fraction of albumin, globulin,
prolamin and glutelin from amaranth grains nowadays is limited
(Abdi and Sahib. 1976; Bressani and Garcia-Vela, 1990; Duarte,
et al., 1986, Konishi et al., 1985. Up to the moment, only
Konishi and co-workers have tried of elucidating the chemical
structure of globulin isolated from “marantfius  Aypochondriacus
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(Konishi et al., 1985).

Therefore, this investigation was designed to obtain a more
complete information on identification and quantification of
whole lipid classes in dmaranthus  cruventus (Mexican grain type)
together with tocopherol content and oxidative stability of
amaranth seed oil. On the other hand, this study was also
undertaken to elucidate mainly the chemical rather that
physical properties of both albumin and globulin from amaranth
seed. This knowledge on lipids and proteins from amaranth
would be required for a further application in the
manufacturing of amaranth-based foodstuffs e g. in Mexico or
other developing countries where actually the search of new
highly nutritive and cheaper protein sources have been
intensified with regard of an enrichment of traditional diets of
economically limited classes.

CHAPTER 1. CHARACTERISTICS OF dmarantfias cruentus SEED OIL AND
ITS OXIDATIVE STABILITY

The results of the present research (Table, 1~4) indicate that
marantRus cruentus ©11 has a close similarity with the chemical
composition of corn o©il but both low tocopherol content and
the occurrence of linolenic acid may contribute to its labile
oxidative stability. Because of the very small size of amaranth
seeds, approximately 1000-3000 grains per g, 1t is difficult to
fractionate amaranth seeds into germ and bran, in which the
lipid content and composition are entirely different. This work
was performed to get a better knowledge of wHAmaranthus cruentus
seed lipids, and its oxidative stability, which are important in
order to consider the nutritional value and shelf-life of
amaranth-based foodstuffs.

CHAPTER {l. EXTRACTION AND SOLUBILITY OF PROTEINS FROM
Amaranlfivs cruentus SEED

It was found a similar efficiency of protein extraction by
using either NaCl or Na2S04 at a concentration of 5% (Table 5).
For this reason, sodium sulfate was used for isolating proteins
from of. cruentus  Seed following the method of Padhye and
Salunke (1977). Albumin was found as the main storage protein
into amaranth seed used in this study. However, prolamin and
glutelin fraction could not be entirely estimated because
remained into protein residue(Table 6). It might be consider
ed as an alternative method of complete extraction of prote
ins from amaranth seed, the extraction of saline proteins by
means of Padhye and Salunke (1977) method and the method of La
ndry and Moureaux (1970) for isolation of prolamin and glutein fr
actions. In general terms, the solubility for albumin fraction
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and saline soluble proteins fraction was very poor in either
water or 1M NaCl. At a concentration of 0.4M NaCl globulin -
fraction showed to have a very good solubilization near to
100% at pH 9 (Fig. 1), The bad gel formation as a consequence
of its poor solubility might complicate the direct application
of amaranth protein isolate in amaranth-based beverages.

Chapter HIl. AMINO—-ACID PROFILE OF inaranthus cruentus SEED PROTEIN
FRACTIONS

Whole protein from raw omaranthus cruentus seed was limiting in
leucine. Although threonine and valine were also detected in
low amount when were compared with the FAO/WHO essential
amino-acid reference profile through its respective chemical
score. Amino-acid composition of albumin, globulin and glutelin
showed to be wvery similar among them (Table 7). Albumin
showed to content the highest value of lysine.

Prolamin had surprisedly a peculiar amino-acid profile. With
the exception of its lysine content all other essential
amino—acids were presents in superior amount than the FAOQO/WHO
pattern. Contrarily to glutelin which had the lowest levels of
essential amino-acids.

It would be possible enhanced by means of genetic engineering,
the nutritional wvalue of protein from amaranth increasing
prolamin levels into the amaranth kernel.

After popping the seed the most limiting amino-acid observed
was lysine (Table 8) followed by sulfur amino-acids and
threonine in that decreasing order. The cysteic peak did not
appear in the heat treated amaranth chromatogram but four
unknown peaks were observed at the very end or run.

Neither loss nor racemization was observed in tryptophan
content into amaranth popped seed. Methionine, phenylalanine,
alanine, glutamic acid, and - aspartic acid were partially
racemized. This is important to consider because humans being
can not utilize D-enantiomers.

CHAPTER IV. CHARACTERIZATION OF ALBUMIN AND GLOBULIN FROM
Amaranthus cruentus SEED

Albumin from amaranth seed comprised the called albumin
fraction-I, -II, and -III as were obtained by gel filtration.
Each fraction revealed an entirely different polypeptide
composition according to its electrophoretic analysis. Albumins
showed a strong affinity to an anion exchange column (DE-52
Whatman). Complete elution of each albumin was achieved at 1M
NaCl by using a 2M Nall gradient elution system. Albumin is an
oligomeric protein which consist of four main different
polypeptides (Fig. 2, 3).

Globulin was separated in two fractions <called globulin
fraction-I and -II by gel filtration. Globulin fraction-I contains
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three polypeptides of LMW and two VLMW polypeptides. On the
other hand, globulin fraction-I1 contained only a VLMW
polypeptides. The affinity of globulin fraction-I and -II on
DE-52 cellulose column was weaker than that observed for
albumin fractions (Fig. 4, 5).

Albumin fraction-I had a molecular weight similar to catalase
and albumin fraction-II and -III both near to molecular weight
of aldolase. Globulin fraction-I was similar to ferritin and
globulin fraction-1I to aldolase (Table 9).

From crude albumin fraction four LMW polypeptides were
determined and three more polypeptides of VLMW. Crude globulin
fraction was integrated for five LMW polypeptides and four
polypeptides of VLMW (Table 10).

In the case of albumins had a more evident tendency to
aggregate polypeptides than globulin according to their
respective electrophoretic patterns with ME treatment or
without it (Fig. 6).

The trypsin inhibitor activities from. albumin or globulin
fractions (Table 11) were stronger than corn or wheat but
considerably less than raw sovbean. On the other hand, crude
albumin and globulin fractions were positive to PAS stain
reaction (Fig. 7).

CONCLUSIONS

1. dmarantfus cruentus 011 has a close similarity with the chemical
compesition of corn oil, but both low tocopherol content and
the occurrence of linoleic acid may contribute to its labile
oxidative stability.

2. The amount of polar lipids in amaranth seed o0il was
considerably low. The primary factor responsible for
breadmaking quality should be proteins. However, the lack of
polar lipids in amaranth seed may be an additional factor in
the poor breadmaking gquality of amaranth flour.

3. B-tocopherol was found as the main component into oil seed.
This is unusual for vegetables oils. However, the tocopherol
content was less than wheat germ, cottonseed, soybean, or
whole corn kernel. That might explain, besides other factors,
the poor oxidative stability empirically observed for processed
foods based on amaranth in Mexico.

4. Some antioxidant activity was observed in o0il extracted
from 3 min steamed seed. Similar behavior was not detected in
0il extracted from popped or boiled amaranth seed, probably
because the antioxidative activity was lost by the severe
thermical treatment,

5. It was found a similar efficiency of protein extraction by
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using either NaCl or Naz2so4 al a concentration of 5% [For this
reason, sodium sulfate was used for isolating proteins from
Amaranthus cruentus seed.

6. In general terms the major storage proteins of legumes and
other dicotyledonous plants are globulins and those of
monocotyledonous plants are prolamins and glutelins. An
interesting exception is oats, in which the major storage
protein is a globulin. Similarly, amaranth is other exception for
pseudo-cereal plants, because albumin 1is the main storage
protein.

7. Saline soluble proteins from amaranth could be entirely
quantified. Nevertheless, prolamin and glutelin could not be
exactly estimated because remain into protein residue when
the method of Padhye and Salunke is followed. It might be
considered as an alternative method of complete extraction of
proteins from amaranth seed, the extraction of saline soluble
proteins by Padhye and Salunke method and the method of
[Landry and Moureaux for isolation of prolamin and glutelin
fractions.

8. Solubility for albumin fraction and saline soluble proteins
fraction was very poor in either water or 1M NaCl. Moreover,
the bad gel formation as a conseqguence of its poor solubility
might complicate the direct application of amaranth protein
isolate in amaranth-based beverages.

9. Whole protein from raw dmarantfuds cruentus seed was limiting
in leucine followed by threonine and valine, when was
compared with the FAO/WHO essential amino-acid reference
profile through its respective chemical score.

10. Prolamin had surprisedly a peculiar amino—acid profile. With
the exception of its lysine content all other essential
amino-acids were presents in superior levels than the FAO/WHO
pattern. It would be possible enhanced by means of genetic
engineering, the nutritional value of protein from amaranth
increasing prolamin levels into the amaranth kernel.

11. After popping the seed the most limiting amino-acid

observed was lysine followed by sulfur amino-acids and
threonine in that decreasing order.

12. The cysteic peak did not appear in the heat treated
amaranth chromatogram but four unknown peaks were observed
at the very end of run

13. Neither loss nor racemization was observed in tryptophan
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content into amaranth popped seed. Methionine. phenvlalanine
alanine, glutamic acid, and aspartic acid were partiall&r
racemized. This 1is 1important to consider because humans being
can not utilize D-enantiomers.

14, Albumin from amaranth seed comprised the called albumin
fraction-I, -II, and -III as were obtained by gel filtration.
Each fraction revealed an entirely different polypeptide
composition according to its electrophoretic analysis. Albumin
is an oligomeric protein which consist of four main different
polypeptides.

15. Albumins showed a strong affinity to an anion exchange
column. Complete elution of each albumin was achieved at 1M
NaCl by using a 2M NaCl gradient elution system.

16. Globulin was separated in two fraction called globulin
fraction-I and -II by gel filtration Globulin fraction-I contains
three polypeptides of LMW and two VLMW polypeptides. On the
other handg, globulin fraction-II contained only a VLMW
polypeptides.

17. Albumin fraction-I had a molecular weight similar to
catalase and both albumin fraction-11 and ~111 near to
molecular weight to aldolase. Globulin fraction-I was similar to
ferritin and globulin fraction II to aldolase.

18. In the case of albumins had a more evident tendency to
aggregate polypeptides than globulin according to their
respective electrophoretic patterns with ME treatment or
without it.

18. The trypsin inhibitor activities from albumin or globulin

fractions were stronger than corn or wheat but considerably
less than raw soybean.
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triplicate determinations,

*4P means unidentitied phospholipids.

*Data are neanstSO of



Table 3-Fatty acid composition of each
l'ipid class in amaranth seed oil

Fatt acid (wt %)
Lipid class T 18270 dﬂ 18:0 T8:7 T18:2 18:3 20:07
Total 1l ipids 0.1 19,0 0.7 3.0 25.0 43.0 2.0 7.2
Neutral Il iplitds
Steryl esters - 15.0 8.3 4.3 23.5 42.5 --- 6.4
Triglycerides 0.1 .9 0.7 3.1 2600 471.7 1.3 0.2
Glycolipids
ASG --- 19.1 0.7 3.0 36.8 39.3 0.5 -
MGDG - 14.9 1.3 0.9 23.3 58.2 0.5% ==
SG .= 23.8 T 1.8 34,2 39.3 1.2 =---
CMH .- 16.3 2.4 3.7 371.3 38.0 1.3 ---
DGDG --- 16. 1 1.1 0.7 38.0 42.1 2.0 ---
SQDG - 13.7 1.3 0.3 33.1 47,0 4.0 ---
TGDG --- 35.2 1.2 3.1 26.2 34.1 T ---
Phospholipids
DPG --- 23.2 0.9 0.8 35.8 139.3 T ---
PE === 16.9 0.5 1.9 31.5 48,38 0.4 -
P --- 16.7 0.4 0.6 34.1 45.8 1.4 ---
PC --- 15.9 0.1 0.9 36.9 45.3 0.! ---
LPC --- 20.0 1.4 3.0 40.2 35.1 0.1 .-

* The number indicates chain length and double hounds of fatty acid.
T Heans trace amount (below 0.1X%).

Table 4-Tocopherol composlitlon ot
amaranth seed ol

Tocopherols wg/ g ether extract %
ALFA 34 . 8x0. 1" 14 .7
BETA 101.420.3 43.0
GAMMA 14.7+0. 6.2
DELTA 85. 1+*x0. 3 36. 1
TOTAL 23868.0

"Data are meanstSD of triplicate determinalions.
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Table 5-Efficlency ol extraction of saline soluble amaranth

proteins with different salt solutions

Salt solutfon SSN' PNz KPN® EPE*
9/100¢ 9/1009 g/100g X

5% NaCl 9.9¢0.6 9.340.0 0.6 50.5

10% NaCl 10.540.0 8.0£0.7 2.5 43.5

5% Na.50, 10.540.90 9,340, 1 1.2 50.5

10% Ha,50, 10.510.0 8.640.6 1.9 6.7

' Sallne soluble nltrogen = Prolain nilrogen (alburlin and globu-

Iln) ¢ non-proleln nltrogen
2 protein nilrogen = Kllrogen precipltated with trichloroacetlc

acld.
® Non-proteln nitrogenz TH - PK.
* Efficlency ol protefn extraction = 100 x PN/ prolein content

of amaranth defatted flour (18.420.5%)

Table 6

‘Proteln yleld of fractlonation In two specles of amaranth

seed compared with different methods of protein fractionation

Protein fraction A. cruentus A, hypochondrlacus

] % i % X
Fractionation method A B'! c' p! 13
Atbumin 3.0 20.0 65.0 - 62.4
Globultn 17.5 18,1 17.0 - 171.5
Prolanin 6.9 2.8 t.o t.0- 1.8 9.2
Glutelin f.1  46.3 1.0 22.4 - 29.4 10.98
NPH* 6.5 14,0 --- L A ---
Residue 0 13 --- 9.0 - 13,0 ---
H Recovery 94.6 -- --- 90.0 - 105.0 ~---
Total K
{9/100g delatted meal) 18. 4 15.17 --- 25,0 - 28.0 ~---
G/A ratio 0.5 0.9 0.3 2.1 0.3

{A) present study, (B) Bressanl and Garcla-Vela (1990), {(C)} Duartle
et al. (1986), (D) Konishl et al. (1985) and (E) Abd} and Sahib
{1976). ' Melhod of Padhye and Salunke (1977). '’ Melhod of Landry
and Moureaux (1970), ''' Method of Mitchel (1948), ® Non-Protein
Kitrogen, ® Raltlo of NPH to Albumin-Globulln Hilrogen.
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4 1% {w/v) Crude Globulin in ionic strength ot 0.4p amaranth seed
Y 1% (®/v) Crude water soluble protein extract in ionic strength of 0.4
¢ 1% (w/v) Crude water soluble protein &xtract in ionic strength of 1.0
B 1% (w/v) Crude Albuamin in lonic strength of 0.4
O 1% (w/v) Crude Albumin In water

Table 7

| -Amino-acids composition of whole amaranth seed protein and I'ts

fractlons

Kaino-acid Whole protein_ Klbunin_ Globulin_ Profamin_ Glultelin FAO/WAU™
9/ V00g protein

Asp
Tht
Set
6lu
Pro
6ly
Ala
Cys
Yal
Het
e
Leu
Tyt
Phe
His
Lys
Atrg
Trp
¥ Essentlal amino- acla: refkfenca 9attern

® Total sulfur amino-aclds (methionine ¢+ cystine).

e Yotal aromatic amino-acids (phenylalanine + tyrosine).
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Absorbance

Table 8

-hknino-acid composiilion of raw and popped amaranth by the dlrect
contact method including thelr chemlcal score and nel racemizatlon®,
Knino-acTd  Kamlno-acld conlent  Chemlcal scofe® Kel racemlzalfon
Fan Fopped Raw _ Fopped Popped
g/ ThgH X X

Asp 8.8 0 23.9

Thr 31 8 92.5 95.0 0.0

Ser 6.7 6.5 0.0

Glu 17.2 19.3 K

Pro 4.5 1.6

Gly 8.4 8.1

Ala 4.0 4.4 0.7

Va! 4.4 4.8 88.0 96.0 0.4
MeltCys 5.1 2.9 162.9 82.9 6.4

Ile 3.9 4. 98.0 108.0

Leu 6.0 6.1 86.0 96.0 0.0
PhetTyre® 8.1 8.9 135.0 148.0 0.4

His 3.0 2.1

Lys 6.0 3.0 11,0  56.0 0.0

Arg §.1 8.0

Trp 1.5 1.8 150.0 160.0

i 0.1°

L2 0.1

) 0.3

1. 0.1

BIIX1007 alTnus The racemlzalion Tound In The

T*ReV tacenlzatlon = (D]
raw seed due to the 64 HC) corresponding hydrolysates of digesilon.

D and L refer to the amino-acld enantloners
® Chemical = gmouni of essential a.38. into th

e sam

score iiBHﬁf‘ET‘i?iiﬁffiT’iTiT—WTEi“FRO{WHU Ttern
nine
the

Ley cofor constant,

ple X 100
pa

¢ Racemlizattion value refers only to phenylala
® The four unknown peaks mere calcuiated wilh

10 "
B Abs. 280nm
® Abs. 595nm ]
i
0.5
Vo v
0 5 10 15 20 25 0

Fraction number

F1942~-Sepharoso §8 ge! chromatogram of aitbuain tron A. cruentus,
(M) tractlon-1, (11) fraction=11, (111) fraction=111; (Vo) void

volume, and (Y.) total volunme,
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Absarbance 280nm

1.0

0.5

A Albumin Fraction—-AB 2.0

B Albumin Fraction—CD / )

@ Albumin Fraction-D /}/,
=2

10 O
m
=
5 10 5 20 25 30

Fraction number

Fig.3 .~DE-52 cellutose coluan chromatogram efution profile
of partially purified atbumin from A. cruentus. Fraction-AB

{tractions 21-23 in fig. 19); -CD [Traclions 24-25) and D
(f:aclions 26-28) were obtalned by slution In Sepharose 6B
column,

Table 9

Molecufar welght of natlve albunin

and globulln,

Proleln traction | Holecular weilght

Albunins:

Fraction-I 0.68 233 000
Fractlon-}I 0.75 196 000
Fraction=111 0.94 115 000
Globullns:

Fractlon-| 0.53 365 000
Fraction-11 0.78 181 000
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Absorbancse 280nm

2.0 |
B Abs. 280nm
® Abs. 5385nm
®
3]
c
a X
- 1.0
Q
0
feo
<
V.
Q 5 10 15 20 25 30
Fraction number ,

F194 ~-Sepharose §8 ge! chromatogram of globulin frou A. cruentus

(1 tracttou I, (11} traction-tl, (Yo} void valusme, N

volunme.
1.0 0O Globulin Fractlon-I 0.4
. B Globulin Fraction—Il /—~
as A\ 0.2

0 10

Eraation number

Fig.5 +-pg-52 celtuloss chronatogranm gradient elution prafile of
Munlly putified globulin {ron __-c._uag_\gs FncHon I and =1}
vare obtained by elution In Sepharose 88 colum
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Table 10

Motecutar welgh! of detected polypeptides

Polypeptide MW (daltons) |Polypeptide MW (dellons)

Atbumin: Globulln:

LU¥ LU

al 42 000 af 59 000

B A 17 000 AG 56 000

YA 35 000 v G 50 000

oA 31000 56 42 000

VLMW At 26 000

el 15 000 YLHW

g 2500-6400 {(6 12 000

nA 1 800 nG 8§ 000
06 5 600
¢ 6 2 800

Albumin Globulin

+ME -ME +ME -ME

E'g- 6 -Composed polypeplides of crude albumin
and crude globulin, [#ME) mercaploethano! treal-
nent. {-ME) without mercaptoethanol treatment,
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Table 11
‘Teypsin Inhibltor activity of proteins fron

amaranth seed compared with other seeds

Seed Proteln fractlon TIU*/ng
A, cruentus crude albumin 2,610.07
A, cruentus cryde globullin 1.210.09
Cotn crude enzynalle

extracl 0.4
¥hea! crude enzymallc

exfract 0.1
Soybean crude enzymatic

extract 80.0

A. hypochoncriacus crude enzymallc
exlract 0.52

A. hypochondsiacus 100-fold purlfted
Lrypsin Inhibltlor 1200
* TIU means Yyypsin Inhibitor unit, One TIU was asbt-

Lrarity deflned as the anount of Inhibilor which
caused 10% Inhibltlion of trypsin fn 10 min undear

tha daenrlhed assay conditions.

Globulin Albumin
59 %2 oG /™ 42 —
§ i (1 I - o
R Y sy f
__._..ék;"‘ aCTATYO QA g
gt : - B '
2.8 L—
uwox 1077
FIQ.7 . -Giycoproteln snalysis. (A) globulln polypeplides,
(8) globulln polypeplides posttive lo PAS slain reactlon,
{C) albumln polypeplides, (D) albumin polypeptides positive
bands In SOS 20% polyacrylanmide gel electrophoresis.
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7RI VAR ZBOMBYT, AFV 2R UDETEIT VT AU AEETIE, SENEH
WBHTH-1, LrL, 737 VADRBENMASERLIBECEOMN TR a8, 2
A VEEBRIEBENELEIN, BEALERDNITFEL LTk, L, i, 75
ADEFV/RIBEWALV OV EBPBVWI LR, AFVTOER MY T 2 vRE S
BEGENTHDZ LMo h, EELEDTWD, LiL, BEOERRIA, 7 LTETZH
WHRTWBHDART, FEBMESADIGHINL, BRSOV TOERNARNLETH 5,
FIT, AP TIT A % v 2 Amaramthus cruentusEF 2 BT, o T LT =35 VRO
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