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SUMMARY

This study was carried out to  determine the protein content o f several 
Am aranthus sp. grains. Findings revealed this has a high lysine (5.3 to 6.3 o f the 
protein) and sulphur amino acids content (3.4 - 4 .0 ° /o), while leucine could well be 
limiting when those seeds are used as a sole protein source in food. Using the correc­
tion for in vitro  protein digestibility, the chemical score varied from 50 to  67. The 
calculated protein efficiency ratios and biological values ranged from 1.39 to 1.80 and 
53 to 68, respectively. Considering that amaranth grain is a good supplement to cereal 
grain, the protein o f  A . hypochondriacus HH5 (yellow seeds) and A . anclancalius 
(black seeds) was fractionated into albumin, globulin, prolamin and glutelin. Hie 
average proportions between those soluble proteins were 65:17:11:7 , respectively. 
Albumin had the highest lysine content (7 .3  - 8 .2 ° /o ), and globulin the highest 
methionine (4.1 - 5 .3 °/o ) and phenylalanine (6.0 - 6 .1 °/o ) content. Prolamin had the 
highest threonine (4.6 - 5 .4 ° /o) and leucine (6.8 - 6 .9° /o )  content, while glutelin had 
a very low methionine content (0.6 - 1 .0 ° /o).

Based on the above-mentioned findings, the authors conclude the variation in the 
amino acid composition o f  the protein fractions can be used for genetic protein 
improvement.
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INTRODUCTION

Cereals are th e  m ajo r fo o d  source fo r  h um an  diets. N evertheless, their 
mean p ro te in  c o n te n t is  low  (a b o u t 10° /o )  and  generally im balanced. 
Lysine is particu la rly  lim iting , b u t  o th e r am m o acids such as th reon ine 
(sorghum, w heat) an d  try p to p h a n  (co rn , m illet) are lim iting as well. On 
the other h an d , th ere  could  b e  an  excess o f  leucine w hich  increases the 
need fo r niacin , being also partia lly  responsible fo r pellagra ( 1).

The pseudo-cereal Amaranthus is one o f 23  trop ica l p lan ts, recom ­
mended fo r stud ies aim ed to  enhance food  quality  in  th e  trop ics (2 ). T he 
present investigation  on  am aran th  grain p ro te in  an d  its so luble-pro te in  
fractions co n s titu te s  p a r t  o f  such  a  s tu d y . T heir am in o  acid com position  
was therefore determ ined , an d  som e param eters fo r  n u tritive  value 
estimated.

MATERIAL AND METHODS

Plant Material

A  general d esc rip tio n  o f  th e  Amaranthus species studied  and its  cu lti­
vation cond itions are given in  T able 1. A  m ore detailed  descrip tion  o f  
those cond itions w as provided  in  a previous w ork (3). T he seeds were 
dried a t 60<>C and ground  to  pass a 35 m esh sieve.

Analytical Methods

F or th e ir am ino  acid analysis, sam ples w ere hydro lyzed  w ith  6N  H Q  
in sealed tubes fo r 20  h r, a t 110 ± 2<>C, w ith  and  w ith o u t previous ox ida­
tion w ith perfo rm ic acid. T he vacuum -tlried  h ydro lysa te  was th en  dis­
solved in  0 .2  M sodium  c itra te  bu ffer, pH  2, filtered , and  an a liquo t ap ­
plied on a B eckm an 120 C au to m atic  am ino  acid ana lyzer (4, 5). T ryp ­
tophan levels w ere ob ta ined  by  a co lorim etric  m ethod , a fte r alkaline 
hydrolysis (6 ) and  the  n itrogen  conversion fac to rs w ere also determ ined  
(4,5).

Nutritional Value

The nu tritive  value was estim ated  taking som e param eters based on 
the am ino acid com position  o f  am aranth  grains and  o f th e  ANRC casein 
(°/o pro tein : 7.2 lysine; 4.1 th reon ine ; 0 .9 cysteine; 2.2 m eth ion ine ; 6 .4 
valine; 5 .0  isoleucine; 9.8 leucine; 5.3 ty rosine; 5.4 phenylalan ine, and 
1-2 try p to p h an ). T he follow ing param eters w ere calculated: am ino
acid score - AAS (8 ), p ro te in  efficiency ra tio  - CPER (9 ) and  biological 
value - CBV (10). M ie n  necessary, the  in vitro p ro te in  d igestib ility  values 
were taken from  a previous experim en t (3).

Protein Fractionation

N aQ  and  Na2 SO4 in  d iffe ren t con cen tra tio n s (0 .5 , 1.0, 5 and  10o/o) 
were tested , so as to  establish th e  b est ex trac tio n  cond itions o f  th e  soluble
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TABLE 1

A M A R A N T H U S  SPECIES USED IN THIS EXPERIMENT AND 
CULTIVATION CONDITIONS

Fertilizer 
level 

(kg N/ha)
Latin name

Seed
coat
color

Other cultivation conditions^

0 A . a n c la n ca liu s  
A . gangeticus 
A . hypochondriacus HH5 
A. cruentus HH1

Black
Black
Yellow
Yellow

Brazil (Belo H orizonte, Minas Ge­
rais): Dry, tropical climate, at high 
altitude (1000 m above sea level). 
No irrigation.

100 A. anclancalius 
A . hypochondriacus HH5 
A . mantegazzianus

Black
Yellow
Yellow

Puerto R ico (Mayaguez): Hot, hu­
mid, rainy subtropical climate, at 
lowland area. No irrigation.

200 A. anclancalius 
A . gangeticus 
A. hypochondriacus HH5 
A. mantegazzianus

Black
Black
Yellow
Yellow

California (Davis): Hot, temperate 
climate, at dry lowland area. Irriga­
tion (every 2 weeks).

a More details are presented in a previous paper (3).

p ro te ins from  A. hypochondriacus HH5 (yellow -coated seed) and A, 
anclancalius (b lack-coated seed). T he frac tio n a tio n  in to  album in, globulin, 
p ro lam in  and g lu telin  was perfo rm ed  according to  Padhye & Salunkhe 
(11). T he am o u n t o f  ex trac ted  p ro te in  from  each fraction  was also 
d eterm ined  (12). T he am ino  acids o f the  p ro te in  fractions w ere analyzed 
w ith o u t perform ic acid o x ida tion , w hich m eans th a t the  su lphur amino 
acids values are underestim ated . A standard  deviation  o f  ± 8° /o  was 
used fo r com parison purposes betw een  the  am ino acid values determined.

RESULTS AND DISCUSSION

Whole Grain Protein

The am ino acid com position  o f  grains from  d iffe ren t Am aranthus 
species and a reference p ro te in  (13 ) are presen ted  in  Table 2. Because no 
d ifferences w ere d e tec ted  in the  seed am ino acid com positions under dif­
fe ren t cu ltivation  cond itions, and  considering a standard  deviation of ± 
8 ° /o ,  only th e  m ean values fo r  each Amaranthus species are given. Evi­
d en tly , th e  fe rtiliza tion  level did  n o t a ffec t th e  particu la r am ino acid 
values, w ith o u t no  d ifferences observed betw een  species. On the other 
h an d , Carlsson (14) n o ted  slightly h igher values fo r som e essential amino 
acids infertilized (200  kg N /ha) sam ples, in co n tra s t w ith  non-fertilized 
sam ples (A. cruentus HH3 and  A. hypochondriacus HH 4 /5 ).
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TABLE 2

MEAN AMINO ACID COMPOSITION OF AMARANTH SEEDS 
(g/100 g PROTEIN)

Samples8

Amino
acids

Ahy Aab Agb Amy Acy Reference
protein

Lysine 6.1 5.7 6.1 6.2 6.2 5.1
Threonine 4.6 4.4 4.3 4.3 4.5 4.1
1/2 cystine 2.1 2.0 2.1 2.0 2.0
Methionine 1.7 1.7 1.8 1.8 1.7
(Met +  Cys) 3.9 3.7 3.9 3.8 3.7 2.6
Valine 4.4 4.6 4.5 4.6 4.8 4.8
Isoleucine 4.0 4.0 3.9 3.9 4.2 4 2
Leucine 6.2 6.0 6.0 6.3 6.1 7.0
Tyrosine 4.3 4.3 4.3 4.3 4.4
Phenylalanine 4.8 4.7 4.6 4.8 4.7
(Tyr +  Phe) 9.1 9.0 8.9 9.1 9.1 7,3
Tryptophan 1.3 1.2 1.2 1.4 1.4 1.1
Histidine 2.7 2.8 3.2 3.0 2.7
Arginine 8.1 8.1 8.5 9.4 7.9
Aspartic acid 8.1 8.1 8.1 '8.6 8.0
Serine 8.0 8.7 8.6 7.1 7.9
Glutamic acid 16.6 16.9 16.3 16.6 17.1
Proline 4.6 4.5 4.4 4.5 4.5
Glycine 8.4 8.6 8.8 7.4 8.3
Alanine 3.9 3.8 3.7 3.9 3.6

CFc 6.00 6.00 5.92 5.92 6.02

Ah {A. hypochondriacus HH5), AA (A. anclancalius), Ag (A. gangeticus), Am (A. 
mantegazzianus), Ac (A. cruentus HH1), y (yellow-coated seed), b (black-coated 
seed).
FNB (13).

c Nitrogen to protein conversion factor.

The black-coated seeds (A. anclancalius and A. gangeticus) contained 
more serine and less tryptophan than the yellow-coated ones (Table 2). 
Higher values for serine, glycine and sulphur amino acids have been 
determined in black-coated seeds (14) when compared to “white” (yel­
low) seeds. Comparison of the present amino acid levels with those 
obtained by Carlsson (14) for A. hypochondriacus HH5 (white), A. gan­
geticus (black) and A. cruentus HH1 (white) as well as HH3 (brown), 
revealed some divergent results: slightly lower values for lysine (5.2 - 
5.5o/o), leucine (5.6 - 5.7o/o), and phenylalanine (3.9 - 4.0o/o), while 
the methionine values were higher (2.3 - 2 .6°/o). As to A. cruentus,
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som ew hat low er results w ere observed (15 , 16) fo r ty rosine, threonine, 
and try p to p h an , w hile the  m eth io n in e  and cyste in  values w ere higher in' 
sp ite  o f  th e  fa c t th a t  one o f  th e  sam ples was a b lack-coated variety. In 
A. hypochondriacus m uch  low er values w ere rep o rted  fo r  lysine, phenyl­
alan ine and  ty ro sin e  (16 , 17) and  q u ite  h igher ones fo r p ro line  and glycine 
(17). T hese divergencies cou ld  p robab ly  be  a ttr ib u ted  to  differences in 
analy tica l m eth o d s  a n d /o r in  seed varieties.

T he average n itrogen-to -p ro te in  conversion fa c to r o f  all samples 
analyzed was 5 .97  (Table 2). Values com prised  betw een  5 .4  and  5.8 have 
been  rep o rted  fo r  several Amaranthus species (14 ) and 5 .85 fo r  A. edulis 
(A. caudatus) an d  A. emeritus (15 ).

Estimated Nutritive Value

W hen com pared  to  a re ference p ro te in  (1 3 ) , the  prim ary  limiting 
am ino  acid o f  th e  Amaranthus s tud ied , was leucine (T able 3), finding 
w hich  is in  acco rdance w ith  th e  lite ra tu re  (14 , 1 5 ,1 8 -2 2 ).

T he am ino acid score (A A S) o f  th e  Amaranthus species included in 
th is  w ork , varied from  0.81 to  0 .9 0 , i.e ., values sim ilar to  those of animal 
p ro teins. V egetable p ro te ins p resen t a delayed  o r  incom plete  digestion 
w hen com pared  to  those  o f  anim al origin. T herefo re, a digestibility  factor 
should  be considered  to  estim ate  p ro te in  u tiliza tio n  (1 , 8 ). Using the in 
vitro p ro te in  d igestib ility  values (T able 3 ), ob ta in ed  in  a preceding work 
(3), the  co rrec ted  am ino  acid score (CAAS) ranged from  50  to  67 (Table 
3 ). T he b lack-coated  seeds had  a  low er CAAS th an  th e  yellow  ones.

Considering th a t  th e  in vivo m e th o d s  fo r  n u tritiv e  value analysis of 
p ro te in s  a re  expensive and tim e consum ing, a  calcu lated  p ro te in  efficiency 
ra tio  (C PE R ) and  biological value (CBV) w ere used as a first approach 
(T able 3 ). N evertheless, as happens w ith  o th e r in vitro m ethods, these 
m ay  n o t give a com pletely  tru e  ju d g em en t o f  th e  p ro te ins 'nu tritional 
value. T h e  average CPER values w ere 1.45 fo r  A. anclancalius and 1.39 
fo r  A. gangeticus, b o th  b lack-coated  seeds, w hile those  values were 1.80 
fo r  A. cruentus H H 1, 1.79 fo r  A. hypochondriacus HH5, and 1.66 for A. 
mantegazzianus, all th ree  o f  them  w ith  yellow -coated seeds. The diges­
tib ility  fa c to r is tak en  in to  ac co u n t fo r calcu lation  o f  th e  CPER. There­
fo re , those values could be  com pared  to  PER  results from  biological 
assays; in vivo PER  values equal to  1.50 fo r A. cruentus and A. hypo­
chondriacus have been  rep o rted  (19 , 20). F u rth erm o re , Carlsson (14) 
show ed th a t A. hypochondriacus HH5 w ith  “w h ite ” seeds (yellow ) gave 
higher daily  w eight gains (3 .7  g /d ) th an  Amaranthus sp. w ith  black seeds 
(1.7 g /d  ± 0 .8 ).

T h e  eq u a tio n  fo r  ca lculated  biological value (CBV) (1 0 ) gave values 
o f  0 .73  - 1.00 (T able 3). W hen these w ere co rrec ted  fo r th e  digestibility 
fa c to r (CCBV) th ey  now varied from  0.53 to  0 .68 . A gain, black-coated 
seeds gave low er CCBV values th an  th e  yellow  ones. A . h yp o ch o n d ria cu s  
ex h ib ited  a biological value o f  0 .7 4  and  a tru e  d igestib ility  o f  0 .76  (23).

T he CAAS and  CCBV values are sim ilar i f  tw o sam ples are excluded 
(A hB y and  A m Cy, Table 3 ), fo r w hich very high and  very low threonine 
values w ere recorded  (4.8 an d  4 .2 o /o , respectively). Since th reonine plays 
a m ajor role in th e  equation  fo r CBV (10), a respective sub- and super­
e s tim atio n  o f  th e  CCBV m ay resu lt. T he linear co rre la tio n  coefficient
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LAA: limiting amino acids; AAS: amino acid scoring (8); i. v. PD: in vitro protein digestibility (3); CAAS: corrected AAS; CPER: 
calculated protein efficiency ratio (9); CBV: calculated biological value (10); CCBV: corrected CBV.
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betw een CAAS and  CCBV (8 ) was 0.91 (n = 9). The sam e statistical 
analysis fo r CAAS and  CPER gave a co rre la tion  coefficien t o f 0.97 
( n = l l ) .

In view o f  the  fac t th a t  cereal p ro te ins have low  lysine and high 
leucine con ten ts , and  Amaranthus gram  p ro te in s  exh ib it high lysine and 
low  leucine levels, a com bination  o f  those  tw o  p ro te in  sources would 
give a food  w ith  a relative good n u tritio n a l value. R at assays showing this 
fac t have been  rep o rted  (16 ,23). The same was observed w ith  cereal 
flours m ixed w ith  Chenopodium quinoa flour, an o th er pseudo-cereal 
(Carlsson & H arczakow ski, unpub lished  results).

Protein Fractionation

A 5 ° /o  NaCl so lu tion  was chosen  as ex trac tio n  m edium , as it  gave the 
h ighest yields, 1 1 .4 ° /o  o f  th e  seed d ry  w eight. A yield o f  15 .9°/o  has 
been no tified  (25), b u t  using an o th e r ex trac tio n  m ethod .

The p ro te in  fractions album in , g lobulin , p ro lam in  and glutelin from 
A. hypochondriacus HH5 (yellow  seeds) and  A. anclancalius (black seeds) 
presen ted  the follow ing average p ro p o rtio n s o f  to ta l solubilized protein, 
b y  d ry  w eight, 6 5 :1 7 :1 1 :7 , respectively.

Seed p ro te in s  o f  species grow n u n d er th ree  d iffe ren t cultivation 
conditions, w ere frac tio n a ted  to  exam ine environm ental effects on the 
am ino  acid co m position  o f  th e  fractions. No m ajor differences were 
observed. Average values are given in  Table 4 . As observed, in  all fractions 
the  g lutam ic acid w as h igher th an  in  th e  w hole seed p ro te in . T he amount 
o f  essential am ino acids was h igher in  th e  g lobulin  and  p ro lam in  fractions 
(ab o u t 4 0 ° /o o f  th e  p ro te in ), w hile it was low er fo r album in and  glutelin 
(3 4 ° /o , approx im ate ly ).

D ifferences betw een  fractions from  yellow  seeds (A. hypochondriacus 
HH5) and  those from  b lack seeds (A. anclancalius) w ere detected. As 
T able 4 depicts, therefo re , th e  yellow  seed fractions album in, prolamine 
and glutelin w ere h igher in th e ir lysine, th reon ine , leucine and tyrosine 
co n ten t. I f  certain  d ifferences betw een  yellow and  black seed protein 
fractions are n o t tak en  in to  accoun t, som e differences betw een the 
fractions can be  no ted . A lbum in, fo r exam ple, had  high contents of 
m eth ionine, leucine, phenylalan ine, and  h istid ine, and a low level of 
glycine. P rolam in had  high co n ten ts  o f  th reon ine , valine, isoleucine, 
leucine and  pro line, and  was low  in arginine. G lutelin  presented high 
levels o f  leucine and  aspartic  acid, b u t had low er levels o f  methionine 
and tyrosine. Thus, although differences in am ino acid composition 
am ong species w ere d ifficu lt to  no tice, there d o  exist large differences 
betw een am ino acids from  d iffe ren t p ro te in  fractions, and in fractions 
betw een  tw o  species, selected fo r having d iffe ren t m orphological seeds.

A  high lysine c o n te n t in th e  O paque-2 varie ty  o f  m aize was also 
appreciated , this being re la ted  to  an  increase o f  th e  glutelin  fraction and 
a reduction  o f  p ro lam in  (zein). M ore basic am ino  acids w ere present in 
th e  acid-soluble frac tio n  th an  in  th a t from  th e  h y b rid  co m  (25). By cros­
sing O paque-2 w ith  o th e r m u tan ts  w ith  relatively higher contents of 
album in, globulin  and  glutelin , all w ith  relatively high lysine contents, 
the  lysine levels cou ld  be  increased fu rth e r, as com pared  to  hybrid  maize 
(26 ,27). A sim ilar re la tion  was also observed fo r barley  (28).
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F rom  th e  above-m en tioned  findings, th e  au th o rs  conclude that it 
seem s possible to  increase th e  level o f  th e  f irs t lim iting  am ino  acid o f  the 
Amaranthus seed, leucine , by  tho rough  genetic engineering o r through 
selection  m eans, b y  increasing the  leucine-rich fractions.
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RESUMEN

COMPOSICION AMINOACIDICA DE LA PROTEINA DE SEMILLAS
DE ALGUNAS VARIÉDADES DE Am aranthus  sp. Y DE SUS FRACCIONES

La proteina de diversas semillas de Am aranthus sp. tiene un elevado contenido de 
lisina (5.3 - 6 .3 ° /o de la proteina) y  amino ácidos azufrados (3 .4  • 4 .0 ° /o); la leucina, 
en cambio, puede ser limitante cuando esas semillas son utilizadas com o fuente única 
de proteina en el alimento. Empleando la corrección para digestibilidad in vitro de la 
proteina, el puntaje quim ico varia de 50 a 67. Los valores calculados para el índice de 
eficiencia proteínica y  del valor biológico variaron de 1.39 a 1.80 y  de 5 3  a 68, respec­
tivamente. Considerando que la semilla de amaranto es un buen suplemento para los 
cereales se acordó fraccionar proteínas de A . hypochondriacus HH5 (de semillas 
amarillas) y  A. anclancalius (de semillas negras) en albúmina, globulina, prolamina y 
gluteiina. Las proporciones promedio entre estas proteínas solubles demostraron ser 
de 65:17:11:7, respectivamente. La albúmina acusó el mayor contenido de lisina 
(7.3 • 8 .2 ° /o); la globulina, en metionina (4.1 • 5 .3 ° /o) y  fenilalanina (6.0 • 6.1°/o) 
y  la prolamina, en los aminoácidos treonina (4.6 - 5 .4 ° /o) y  leucina (6.8 - 6.9°/o). 
Según se constató, la glutelina tiene un nivel muy bajo de metionina (0.6 - 1 .0 ° /o).

A partir de los hallazgos mencionados, los autores concluyen que la variación 
de las fracciones proteínicas puede ser utilizada con propósitos de mejoramiento 
genético de la pro teína.
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