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Abstract The gross chemical composition and functional

properties (solubility, emulsifying and foaming properties)

of different amaranth protein preparations were studied in

model systems and were compared to those of casein and

soy protein isolates. Preparations of alkaline-soluble total

protein, albumin, globulin, and glutelin-like alkaline-solu-

ble residual protein were produced from two different types

of defatted amaranth meals by extraction and fractionation.

Although similarity can be shown between protein patterns

of legumes (including soy) and amaranth, the emulsifying

and foaming properties of amaranth protein preparations

are relatively poor in comparison to the reference proteins,

except foaming properties of albumin preparations. Nev-

ertheless, taking in mind that these properties depend on

interactions with other food components and textural

requirements of individual food products, the amaranth

protein preparations may be treated as potential protein

sources and food ingredients.
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Introduction

The rapidly increasing demand for food-grade proteins has

raised the cost of traditionally used animal protein sources

such as proteins of milk, egg, meat and fish. However, the

requirement and the regulation concerning quality of ani-

mal proteins has become more strict, most likely due to the

food safety problems connected to BSE, dioxine crisis,

avian influenza, etc. Therefore, it is understandable that the

interest in potential use of alternative protein sources of

plant origin is growing, although problems relating to

questionable acceptance of GMOs by consumer exists.

According to some perspectives, seeds of amaranth may

play a significant role as a potential source of food protein.

The interest in this crop is developing due to its several

advantageous properties. The nutritionists find that the

grain has higher nutritional value than conventional cereals

due to the higher protein content, more valuable amino acid

composition and some functional components like dietary

fibre, squalene [1–3]. At present, the seeds of some species

of grain amaranth are mainly popped to make different

products, milled for baking products use and also as

ingredients of alimentary pasta production [4–6]. The

amaranth proteins have good digestibility, and majority of

proteins belong to the group of water-soluble albumin and

salt-soluble globulins [3, 7, 8]. Although, the properties of

amaranth protein isolates and concentrates were studied by

several researchers [12–14], very little data are available in

the literature on functional properties of different protein

fractions of this crop[4, 9–11 ].In addition different meth-

ods were used under different conditions which makes the

comparison and evaluation of research data difficult. The

aim of research presented in this paper was to study

functional properties of different amaranth protein prepa-

rations applying the same methodology.
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Materials and methods

Materials

Two Hungarian types of amaranth seed samples were

studied. The first one is an Amaranthus hypochondriacus

cultivar (Edit), produced by Klorofill Ltd, Kecskemét,

Hungary. The second, is a mixture of Amaranthus hybridus

and Amaranthus cruentus, was purchased from Botanical

Garden, Vácrátót, Hungary.

Methods

Preparation of defatted amaranth flours

The whole seeds were ground in a laboratory mill

(Chemotec, LabMill, Tecator AB, Sweden). The flours

(granularity: 95% of particles smaller than 1 mm) were

defatted by shaking with hexane at a ratio of 3:1 solvent/

flour. The extraction was repeated 3 times and hexane was

evaporated under vacuum. The defatted flour contained

0.7–0.9% fat.

Extraction of alkali soluble protein isolates

One part of defatted flour of both samples was suspended

in distilled water (water:flour ratio was 8:1) and the pH of

suspension was adjusted to pH 9.5 by adding 1 M sodium

hydroxide. The suspension was stirred for 60 min and

centrifuged for 20 min (rpm 3,500). The supernatant was

decanted and the procedure was repeated. The two

supernatants were pooled and the pH adjusted to pH 4.5 in

order to precipitate the proteins. After centrifugation

(30 min), the precipitate was separated and freeze-dried.

Preparation of protein fractions

The other part of the samples was used for preparation of

protein fractions, like albumin, globulin and glutelin-type

alkali soluble proteins. The proteins were extracted

according to the modified Osborne’s procedure [15]. All

protein preparations were freeze-dried (Fig. 1). Alkali

soluble total proteins [ASTP(ed) and ASTP (mix)], al-

bumins [ALB(ed) and ALB(mix)], globulins [GLB(ed)

and GLB(mix)] and alkali soluble residue proteins [ASRP

(ed) and ASRP(mix)] were obtained from the two seed

types.

Chemical composition

Macro-components (moisture, protein, oil, fibre and ash

contents) of samples were determined according to AOAC

methods [16].

Determination of functional properties

Emulsifying properties Emulsifying Activity Index (EAI)

and Emulsifying Stability Index (ESI) were determined. In

both cases 0.2% (m/v) protein solutions were prepared in

0.05 M of phosphate buffer (pH 8.1). For preparing the

emulsions 12 ml of protein solution and 4 ml of sun-

flower oil (commercial grade) was used. The homogeni-

sation was carried out with Ultra Turrax T25 laboratory

homogenizer.
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Fig. 1 Method for modified

Osborne-type fractionation of

amaranth proteins
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EAI was determined by turbidimetric method of Pearce

and Kinsella [17]. For calculation of EAI the following

equation was used:

EAIT (cm2/ g) = 2T/cv

where T = turbidity, c = protein concentration (g/cm3), in

this case 0.002, and v = ratio of oil volume to total volume,

in this case 0.25.

ESI was measured by the modified conductometric

procedure [18]. The results were calculated by the graph-

ical integration of area between the registered conducto-

metric curves and lines of minimal and final conductance

as shown in Fig. 2. The ESI was expressed in (ms min)

units.

Foaming properties For the determination of FPI and

foam stability index (FSI), Kato’s conductometric method

was applied with a slight modification [19]. The protein

solution was prepared in the same way as determination of

ESI, and a similar instrument was used for conductivity

measurement. The foaming activity (FPI) was calculated as

the ratio of maximal conductivity to time corresponding to

this value:

FPI (ms/min) = Cmax/ tmax:

The calculation of stability (FSI) is demonstrated in Fig. 3

and expressed in ms min units.

Protein solubility index For the determination of protein

solubility index (PSI) Sörrensen buffer solutions of

pH = 1.15; 2.92; 3.53; 3.95; 4.45; 5.02; 6.98; 9.01; 11.07

and 12.7 were prepared. Five millilitres of buffer solution

was added to each sample containing 50 mg of protein and

mixed for 30 min. The suspension was centrifuged at

4,500rpm and the protein content of supernatant was

determined by the Lowry method, which was automated

with flow injection apparatus (Fiastar 5012, Tecator AB,

Sweden). To calibrate the method casein was used. PSI was

calculated as follows:

PSI % = cpr � Vsol

� �
/ m0

� �
� 100

where cpr = protein concentration (g/L), Vsol = volume of

the protein solution (0.005l), m0 = quantity of the protein

preparation (g).

Statistics

The average of three parallel measurements were calcu-

lated in every case. The probability level (p values) at 0.05

mixer

conductometric cell

oil (5 cm3)

protein solution(0.2%,15 cm3)

electrode

recorderconductometer

Fig. 2 Determination of

stability of emulsion (ESI) by

modified conductometric

method
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Fig. 3 Determination of

foaming properties by modified

conductometric method
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level was considered to determine the degree of signifi-

cance between results.

Results and discussion

Chemical composition

There were no significant differences in the chemical

composition of the two raw materials (Table 1) and protein

preparations produced from them (Table 2). Both basic

materials have a typical chemical composition with ~15%

of protein and 5.0–5.5% of oil contents. With the modified

Osborne extraction, relatively pure protein preparations

were produced. The protein contents of ASTPs, GLBs and

ASRPs are about 80%, which is comparable to the com-

mercially used soy protein isolates. Only the albumin

fractions have lower protein content, mainly due to rela-

tively high carbohydrate and ash content. The lipid content

of ASTPs, GLBs and ASPRs ranged from 0.2 to 3.0%. This

may be explained with lipoproteins of germ and mechan-

ical binding by proteins. In the studies of functional

properties, the oil moiety of these protein fractions was

removed by the same procedure described in chapter

‘‘Materials and methods’’.

Emulsifying properties

The results of determination of EAI and ESI values of

protein samples studied are collected in Fig. 4. As seen

from the figure, the EAI values are significantly lower

when compared with the EAI values of casein, particularly

in the case of globulin fraction the difference is consider-

ably high. The statements made above are valid for both

amaranth samples. The differences between the two ama-

ranth samples are not significant. Our results are partly

different from those published by Marcone and Kakuda [9]

evaluating the higher functional properties of amaranth

globulin preparation. However, the measured differences in

favor of amaranth globulin are considerable only in the

region near the isoelectric point. It may be also noted that

the differences in extraction procedure and method of

measurement could explain partly the differences in results.

A similar conclusion may be made, concerning the ESI

values. The protein preparations from amaranth may be

evaluated as poor from the stability point of view; only the

albumin fraction has an acceptable ability—however, sig-

nificantly lower—to stabilize the emulsions. It is interest-

ing, based on results of some preliminary experiments, that

a treatment with beta-mercaptoethanol improves the

emulsifying properties of alkali-extracted protein prepara-

tions. This is may be attributed to a decrease of average

molecular weight and increased solubility and flexibility of

protein molecules.

Foaming properties

The results of measurements of foaming properties of pro-

tein preparations are summarized in Fig. 5. Significant dif-

ferences were observed between the preparations studied.

Albumin preparations showed the best foaming power and

foam stability, which corresponded practically to the func-

tional properties of casein and soy, based on available data

from our earlier investigations [18, 19]. Excellent foaming

properties of albumin fraction from Mexican amaranth

samples were reported also by Silva-Sanches et al. [10].

Poor foaming characteristics were measured in the case of

globulin- and residue protein preparations. The total alka-

line-extractable protein samples showed values between

those of casein and residual protein samples. No significant

differences were observed between preparations from

Amaranthus hypochondriacus and the commercial ama-

ranthus sample except in the case of albumin preparations.

Solubility

The solubility profiles of protein samples studied are pre-

sented in Fig. 6. The general shape of solubility curves

Table 1 The chemical composition of amaranth samples

Mixture of Amaranthus hybridus and Amaranthus Cruentus

Protein

(%)

Oil

(%)

Crude fibre

(%)

Ash

(%)

Moisture

(%)

Fullfat flour 15.20 5.18 4.42 3.47 10.18

Defatted flour 15.88 0.895 3.21 3.28 10.47

EDIT (Amaranthus Hypocondriatus)

Fullfat flour 15.05 5.52 3.11 2.68 13.36

Defatted flour 15.80 0.79 3.14 2.39 12.00

Table 2 Protein content of amarnath protein preparations used

(N · 6.25)

Protein (%)

Mixture of Amaranthus
hybridus and Amaranthus
Cruentus

EDIT (Amaranthus
Hypocondriatus)

Alkali residue 10.77 11.26

Alkali soluble total

proteins (ASTP)

79.78 74.62

Albumins (ALB) 49.08 39.61

Globulins (GLOB) 86.52 73.68

Alkali soluble

residue proteins

(ASRP)

79.59 80.07

Osborne-residue 7.22 9.65
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corresponds to the typical solubility profiles of proteins.

Thus a minimum may be observed in the region near the

isoelectric point of proteins and an increase of solubility

both in acidic and alkaline region. As expected, albumin

and globulin fractions have the highest solubility and the

residue protein, significantly, the lowest one. The solubility

of proteins extracted in alkaline pH (ASTP and ASRP) is

relatively weak, the difference between these two prepa-

rations is not significant. It may be due to the denaturation

and the structural changes of proteins during preparation.

Conclusions

Proteins fractions of amaranth seed have relatively poor

emulsifying and foaming properties when compared with

casein and soy protein isolates. Some researchers [9, 10]

reported relative good functional characteristics. This may

be partly explained by the mode of preparation of proteins

and the methods used. Nevertheless, the utilization of

amaranth flour or their protein products is possible and could

be useful, as food additives and ingredients. Optimization of

the extraction procedures and modification of protein

structure are essentially required. Some preliminary results

of study of enzymatically or/and chemically modified

amaranth protein suggest that an improvement of functional

properties may be achieved. For finding the optimal utili-

zation of amaranth or its components, the functional prop-

erties should be studied in real food systems also.
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