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Abstract

A Nigerian Amaranthus viridis seed (Tete) was subjected to various processing conditions with the view to examining
the impact of processing techniques on the nutritional, functional and pasting properties of the Amaranthus viridis seed
flour. The outcome of the research demonstrated that germination fundamentally increased the nutritional as well as the
functional properties of the amaranth flour while autoclaving enhanced the physical, pasting properties and flowability of
the flour when compared to other processing methods. Defatted amaranth flour had the highest protein solubility when
compared with other processing techniques. Likewise, germination and fermentation resulted in decrease in the degree
of lightness and redness of the flour. The chemometrics analysis of the data revealed that three principal components
accounted for 92.65% of the total variation of the data while the herechical clustering analysis revealed that processing of
the seed led to the classification of the flour into three groups. Finally, from the study, both fermentation and germination
enhanced the nutritional and functional properties of the amaranth flour and subsequently could be utilized formulation

of gluten-free products and being used as functional food ingredients for weaning foods and baked products.
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1 Introduction

In time past, diverse varieties and species of plants had
been used as a carbon source of energy in human nutri-
tion. This plant species predominantly used, include but
not limited to cereals such as wheat, maize and rice [1].
However, owing to an untimely increase in world popula-
tion, and diverse uses coupled with the industrial appli-
cation of these cereal crops, there had been a search for
an alternative crop with increased nutritional value as
well as availability that could serve as a carbon source of
energy. There is a growing concern about the utilization of
grain amaranths an Andean crop, as an alternative energy
source owing to their nutraceutical and nutritional prop-
erties [2].

The cultivation of Amaranth spp, a pseudocereal crop
had long be dated in Central and South America and
also a few regions of Asia as well as few places in Africa.
In the early 1980’s, there had been an increase in its cul-
tivation and production particularly in developing coun-
tries because of its resistant to drought and other harsh
weather condition [3]. Among the species of grain ama-
ranth, Amaranthus viridis widely referred to as “tete”among
Yoruba dwellers is the most widely grown specie of ama-
ranth in Nigeria. One reason for its increase cultivation
remain its leaves and grains which possess high nutritional
values in comparison with other cereals plants [2, 4].

The utilization of Amaranthus viridis seed flour as
food such as in breakfast cereal, pasta, cookies, noodles,
pancakes, bread and soup or as a functional ingredient,

I< Babatunde Olawoye, btolawoye@gmail.com | 'Department of Food Science and Technology, First Technical University, KM 15,
Ibadan-Lagos Expressway, Ibadan, Nigeria. 2Department of Food Science and Technology, Obafemi Awolowo University, lle-Ife, Nigeria.

®

Check for
updates

SN Applied Sciences (2020) 2:607 | https://doi.org/10.1007/s42452-020-2418-8

SN Applied Sciences

A SPRINGERNATURE journal


http://crossmark.crossref.org/dialog/?doi=10.1007/s42452-020-2418-8&domain=pdf
http://orcid.org/0000-0002-3089-1196

Research Article

SN Applied Sciences (2020) 2:607 | https://doi.org/10.1007/s42452-020-2418-8

however, requires the knowledge of post-harvest char-
acteristics and functional attributes of the seed flour.
These functional attributes had been defined according
to Kinsella and Melachouris [5] as those physiochemical
attributes that affect the behavioural characteristics of
the food macromolecules in food systems. The knowl-
edge these properties in Amaranthus viridis seed flour
are desirable for its utilization as food or functional food
ingredient.

While previous studies focus on the physiochemi-
cal properties of the other Amaranthus spp (Amaranthus
cruentus by Menegassi et al. [6]; Amaranthus caudatus by
Peiretti et al. [7]), there is, be that as it may, dearth of infor-
mation on functional attributes of Nigerian Amaranthus
viridis grain as affected by processing conditions. These
data are fundamental in determining the potential use of
grain amaranth as a food or functional food ingredient.
The objective of this study was to examine how process-
ing techniques influence the functional attributes of flour
obtained from Nigerian grain amaranth.

2 Materials and methods
2.1 Material

Grain amaranth was purchased at Ondo town market,
Ondo state, Nigeria. The identity of the grain was affirmed
at the herbarium of the Department of Botany, Obafemi
Awolowo University lle-Ife, Nigeria. The grains were sorted
and sieved to remove extraneous materials such as stone,
shaft and leaves from the grain. The grains were preserved
in a container devoid of air under refrigeration at 4 °C prior
to analysis.

2.2 Methods
2.2.1 Fermentation

The fermentation of the Amaranthus viridis was done using
techniques proposed by Igbabul et al. [8]. Briefly, the pre-
viously cleaned grain was steep in warm water (45 °C) for
9 h with constant changing of the water at 3 h interval. The
Soaked seeds were then transferred into calabash pots and
allowed to ferment inside an incubator (Biobase, BJPX-HIII,
USA) at 30 °C for 72 h. After fermentation, the was dried
using a hot-air oven (Uniscope, SM9053, England) at 50 °C
for 8 h. The fermented sample was subsequently milled
and passed through sieve (200 pm). After milling, the sam-
ple was stored in a Ziploc polyethene nylon which was
then placed inside a refrigerator until further use.
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2.2.2 Germination

The method described by Elkhalifa and Bernhardt [9] was
used for the germination of the grain amaranth.

2.2.3 Autoclaving

A previously cleaned amaranth grain was subjected to
autoclaving (121 °C for 15 min), followed by oven dry-
ing at 50 °C for 8 h. The samples were commuted using
a domestic grinder and subsequently stored in n a Ziploc
polyethene nylon which was then placed inside a refrig-
erator until further use.

2.2.4 Blanching

The method described by Olawoye and Gbadamosi [2] was
used for the blanching operation. Briefly, the blanching
of the sample (grain amaranth) was done using hot water
bath (Julabo SW22, Germany) operating at 75 °C for 5 min.
After blanching, the water was drained-off of the amaranth
grain using a sieve cloth and subsequently dried at 50 °C
for 8 h using a hot-air oven. The dried grains were milled
using Marlex Excella grinder (United Kingdom), stored in
air tight container under refrigeration at 4 °C before the
time of use.

2.2.5 Defatting

The defatting process was done using a cold extraction
method described by Fasasi et al. [10]. Cleaned grain ama-
ranth was milled into fine flour and the fat extraction pro-
cess was done by subjecting the milled flour into acetone
(flour to the solvent ratio 1:5 w/v) and stirred over a mag-
netic stirrer for 5 h. The slurry was then filtered through
a Whatman No. 1 filter paper and re-extracted twice in
the same manner. The defatted flour was desolventized
by subjecting it to drying in Gallenkamp oven (OVB 305,
United Kingdom) at 50 °C for 8 h. The dried flour was finely
ground in a Marlex Excella grinder set at high speed to
obtain homogenous defatted flours. The defatted flours
obtained was stored in airtight container and put in refrig-
eration at 4 °C before the time of use. The flow chart for the
production of fermented, germinated, blanched, cooked
and whole Amaranth grain flour is shown in Fig. 1.

2.3 Proximate composition

Proximate compositions which consist of moisture con-
tent, crude protein (Kjeldahl method), crude fat (solvent
extraction), crude fibre and ash of the Amaranthus viridis
seed flours were determined using the standard proce-
dures of Association of Official Analytical Chemists [11].
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Fig. 1 Flow chart for amaranth flour processing

The carbohydrate content was determined by difference
as shown in the equation below:

Carbohydrate. Total carbohydrate content was deter-
mined by the difference.

flour samples was mixed with 1 mL of 95% ethanol and
9 mL of T M NaOH. The mixture was vortex and made
up to 100 mL with distilled water. Five millilitre of the
solution was mixed with 2 mL of iodine solution (0.2% |,

Carbohydrates = (100 — (%Crude Proteins + %Lipids + %Ash + %Crude fibre + %Moisture).

2.4 Amylose content

The amylose content of the seed flour was evaluated
using the method of Juliano [12]. Briefly, 100 mg of the

and 2% KI) and the absorbance was measured at 620 nm
(Bosh 725 UV-Vis spectrophotometer, Thermoscientific,
USA). The amylose content was obtained from the cali-
bration curve. The amylose from corn starch was used
as a standard.
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2.5 Physical properties of the processed flour
2.5.1 Bulk density and flowability of the processed four

Packed and loose bulk densities were evaluated using
the method prescribed by Mpotokwane et al. [13].
Briefly, 10 mL granulated cylinder was filled to mark with
the processed Amaranthus flour. The measuring cylinder
was tapped on a laboratory bench top until no further
diminution of the sample level. The packed bulk density
was calculated as the ratio of the weight of the flour to
the volume of the flour after tapping. While the loose
bulk density was determined by filling the 10 mL granu-
lated cylinder to mark without tapping the cylinder [14].

Carr index and Hausner ratio [15] was used as the
index of flowability of the processed flour as shown in
the equation below.

Carrindex (%) = 100( Packed bulk density — Loose bulk density)

Loose bulk density)

Hausner ratio = (Packed bulk density/Loose bulk density)

Carr (1965) categorize the values (%) 5-10, 12-16,
18-21, and 23-28 as excellent, good, fair and poor flow
properties respectively.

2.5.2 True density

Liquid displacement method of Thompson and Isaacs
[16] was used for true density determination and the
value was calculated using the equation below:

volume of tulene displaced

True density =
rue density Weight of the sample

The porosity was obtained using the equation below:

True density — bulk density
true density

Porosity =

2.5.3 pH

The pH was measured using 10% (w/v) suspension of the
sample in distilled water. The suspension was thoroughly
mixed and the pH of the suspended solution was meas-
ured with a Hanna checker pH meter (Model HI1270). The
pH meter was standardized using a pH buffer.
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2.5.4 Colour determination

The colour which include L*, lightness (0 =black,
100 = white), a* (—a=greenness, +a=redness) and b*
(—~b=Dblueness, +b=yellowness) of the amaranth flours
were obtained using HunterLab colorimeter coupled
with an optical sensor (HunterLab, U.S.A.). The instru-
ment was calibrated as follows; L*=96.9, a*=-0.04,
b* =1.84. Flour colour index, yellow index, browning
index, the degree of whiteness (%W), colour intensity
(AE), hue angle (H*) and delta chroma (AC) were calcu-
lated from the result using the equation below [17-20].

AC = (Aa* + Ab2)™
AE = (AL + Aa* + Ab*2)*

H*=tan™" (b"/a*)

0.5

W (%) = 100—[(100—L*)2 N <(a*)2 N (b*)2>]

Flour colourindex (FCl) = L* — b*

100(X —0.31)

Browning Index =
0.71

_ (@* + 1.75L%)
"~ (5.465L* 4+ a* — 3.012b%)

142.86b*
L*

Yellow Index =

2.6 Functional properties of the processed flour
2.6.1 Foaming capacity and Stability

Foaming capacity coupled with the foam stability was
determined using the modified method of Pearce and
Kinsella [21]. Briefly, 5 g of the flour sample was weighed
into an electric blender (O'Qlink, SN2200, China) already
containing 100 mL of distilled water. The sample was
homogenized at 4000 rpm for 5 min. The mixture was
immediately transferred into a 200 mL graduated cylin-
der and the volume attained by the foam was measured.
Foaming capacity was expressed as the percentage of
foam volume at inception (0 min). Foam stability was
expressed as foam volume (%) remaining after 30 min.
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2.6.2 Emulsifying capacity and stability

Emulsifying capacity and stability were determined by
the procedure provided by Lin et al. [22] as modified by
Shevkani et al. [23].

2.6.3 Water absorption capacity (WAC) and oil absorption
capacity (OAC)

Water absorption capacity (WAC) and oil absorption
capacity (OAC) were determined as described by Sze-
Tao and Sathe [24]. 1 g of each flour sample was weighed
into a pre-weighed 25 mL centrifuge tube and 10 mL
of distilled water were added. Samples were vortexed
for one min before being transferred into a centrifuge
for centrifugation at 4000g for 15 min. Excess water was
decanted and the tubes were inverted at an angle of 45°.
For oil absorption, 10 mL of refined sunflower oil was
used in place of water. The weights of water/bound oil
samples were determined by difference.

2.6.4 Swelling factor (Q)

The swelling factor (Q) was determined using the
method of Bagley and Christianson [25]. Processed
Amaranthus flour (5 g) was weighed into already pre-
weighed 25 mL centrifuge tube containing 20 mL of
distilled water. The sample was vortex for a minute and
allowed to stand at room temperature for 10 min fol-
lowed by gelatinization at 70 °C for 30 min. the gelati-
nized flour was centrifuged in a centrifuge at 4000 g for
10 min. Swelling factor (Q) is determined as the ratio of
the weight after either soaking or gelatinization to their
dry weight as shown in the equation below.

Weight hydrated (gelatinised) granules

Q(g9/9) = Dry weight of flour

2.6.5 Determination of sediment volume fraction

The volume fraction of the seed flour was measured
according to the centrifugation method of Hemar et al.
[26] and Ahmed et al. [27] using water. One gram of the
flour sample was weighed into a 25 mL centrifuge tube
and vortex for 1 min. The tube containing the sample
was centrifuge at 4000g for 20 min. After centrifugation,
the total height H; of the sample and the height of the
sediment Hg were measured, and the volume fraction,

¢ occupied by the flour was expressed as given in the
equation below:

Hy
P H
The Equation above is valid only for closely packed par-
ticles devoid of interstitial space.

2.6.6 Least gelation concentration (LGC)

The method described by Sathe and Salunkhe [28] as
modified by Gbadamosi et al. [29] was used for the least
gelation concentration. A flour concentration 1%, 3%, 5%,
7%, 9%, 11%, 13%, 15%, 17% and 20% (w/v) of each flour
sample was dispersed in 20 mL test tubes. The test tubes
containing these suspensions was vortex, heated for 1 hin
a boiling water bath (Julabo, SW22, Germany) and rapidly
cooled under running tap water. The cooled tubes were
then placed in refrigeration for 2 h. After refrigeration, the
tubes were inverted and the LGC is the minimum con-
centration at which the cooked and subsequently cooled
sample from the inverted tube did not fall or slip from the
wall of the tube.

2.7 Protein solubility

Protein solubility was determined by the method
described by Gbadamosi et al. [29]. Amaranth samples
(2.5 g) were each dispersed in 500 mL conical flask contain-
ing 250 mL distilled water. The dispersion was stirred on a
magnetic stirrer (Cenco, Netherland) at 150 rpm for 2 h at
30 °C. After stirring, the dispersion was centrifuged (Bosch
centrifuge TDL-5, Sweden) at 3500xg for 30 min and then
filtered through Whatman No.1 filter paper. An aliquot of
the filtrate was centrifuged at 4000xg for 20 min and the
resulting filtrate obtained was labelled supernatant 1. The
pH of the remaining filtrate (20 mL) each was adjusted to
pH 2,4, 6,8 and 10 with 1 M HCl or NaOH. The supernatant
was collected and the soluble protein was determined by
the procedure of Lowry et al. [30] The percentage of solu-
ble protein was calculated and plotted against the cor-
responding pH values.

2.8 Determination of pasting properties

Pasting properties were determined using the Rapid
Visco Analyzer (RVA- 4, Newport Scientific Pty Ltd., War-
riewood, NSW, Australia) with Thermocline for windows
software (AACC, 1999). Four grams of flour was suspended
in 25 mL of distilled water in an RVA canister. The canis-
ter was loaded into the RVA and analyzed with a constant
speed (3 g). The holding viscosity, peak viscosity, final
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viscosity, and pasting temperature of amaranth flour was
determined.

3 Result and discussion
3.1 Proximate composition

The result of the effect of processing methods on proxi-
mate composition of Amaranthus viridis seed flour is pre-
sented in Table 1. The moisture content of amaranth flour
increased significantly (p <0.05) after fermentation and
germination. The increase in the moisture content might
be due to the release of water by the fermenting organism
during the hydrolysis of the macromolecule. This is similar
to the findings of Jan et al. [31] who reported an increase
in the moisture content of germinated chenopodium.The
protein content of the processed amaranth seed sample
varied between 8.98 +0.20% for autoclaved amaranth flour
(AAF) and 18.07 £0.47% of germinated amaranth flour
(GAF). However, the protein content of both germinated
and fermented wheat flour samples was significantly simi-
lar and higher when compared to other amaranth samples
(p <0.05). This observation agreed with findings of Osman
[32] that processing techniques such as germination and
fermentation improved the nutritional quality of the food
products, mostly in terms of protein content. This finding
could also be attributed to the fact that during germina-
tion, the microorganisms in food utilized the carbohy-
drate content in the food sample to synthesise amino acid
needed for their growth and development [33]. There was
significant (p <0.005) decrease in crude fat content from
7.10% to 5.5% from WAF and FAF respectively. However,
a slightincrease in crude fat was observed in AAF sample
which could due to disruption of the cell structure and
membrane partitions by heat during autoclaving caus-
ing the fat to liquefy and be easily released from the seed.
The decrease in fat content observed during fermentation

and germination might be attributed to the activities of
lypolytic enzymes during these processes as reported by
Fasasi et al. [10] which led to the hydrolysis of fat into fatty
acid and glycerol. Fermentation had a profound effect on
the carbohydrate content exhibiting the lowest value
(55.29%) followed by germination. The decrease in the car-
bohydrate content during fermentation could be due to
enzymatic breakdown of carbohydrate to simpler sugars
during fermentation. Jan et al. [34] also reported a similar
reduction in total carbohydrate and starch content during
the fermentation of chenopodium seed. The amylose con-
tent of fermented and germinated samples was found to
be significantly less than other processed sample, a reason
which could be attributed to the utilization of the amylose
as a carbon source of energy for fermenting and germinat-
ing microorganism.

3.2 Physiochemical properties

The effect of processing on the physical properties of
the processed amaranth flour is presented in Table 2. The
result revealed significant (p < 0.05) difference in the physi-
cal properties of the flour. Fermentation and germination
significantly lower the loose and packed bulked density of
the flour. This reduction could be attributed to the break-
ing down of higher molecular weight macromolecules
to small chain macromolecules by the fermenting and
germinate microorganism. In their report, Jan et al. [31]
found that germination significantly lowers the bulk den-
sity of Chenopodium album. In contrast, both the loose
and packed density significantly increased by 2.6% and
11.6%, respectively when the amaranth grains were sub-
jected to blanching and autoclaving. The high bulk density
of autoclaved amaranth flour (AAF) could be attributed to
the pre-gelatinization of starch granule embedded in the
seed during heating thereby leading to the closure of the
airspace between the pores. This result compared favour-
ably with the report of Adegunwa et al. [35]) who reported

Table 1 Proximate Composition (%) of the Amaranthus viridis Flour Samples

Sample Moisture Ash Protein Fat Fibre Carbohydrate Amylose (%)

AAF 8.66+0.66° 2.12+0.03¢ 8.98+0.20¢ 7.65+0.08° 3.11+0.50° 69.46+1.02° 19.31+0.13?
GAF 10.33+0.13? 5.06+0.34° 18.07 £0.47° 5.65+0.16° 5.59+0.48° 55.29+0.28° 14.28+0.09°
FAF 10.82+0.50° 4.00+0.87° 17.07 £0.47° 5.50+0.07° 5.44+0.27° 57.16+1.03° 13.07+£0.29°
BAF 8.83+0.31° 2.60+0.31¢ 10.16+0.63¢ 7.30+0.13? 3.43+0.08° 67.66+1.08° 18.64+0.31
WAF 10.16+0.67° 2.94+0.09° 11.06+0.97¢ 7.10+0.21° 3.70+0.75° 65.01+1.14° 18.21£0.75
DAF 9.50+0.04° 3.34+1.10° 14.51+0.18° 1.95+0.37¢ 430+0.91° 66.40+0.91° 18.93+0.62°

Values are means of three replicates + standard deviation. (n=3)

Values in the row with the same letter in superscript are not significantly different from each other (p <0.05)

AAF autoclaved amaranth flour, GAF germinated amaranth flour, FAF fermented amaranth seed, BAF blanched amaranth flour, WAF whole
amaranth flour, DAF defatted amaranth flour
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Table 2 Physical Properties of the Processed Amaranthus viridis Seed Flour

Sample pH LBD (g/mL) PBD (g/mL) HR Cl (%) TD (g/mL) Porosity Flowabilty
AAF 6.1+0.07° 0.86+0.06° 0.98+0.03 1.13+£0.04° 13.37+0.95¢ 1.34+£0.01° 26.90+1.24¢ Good
GAF 5.41+0.12° 0.66+0.02° 0.80+0.01 1.26+0.03° 26.41+1.86° 1.52+0.01° 45.53+2.75° Poor

FAF 5.21+0.09° 0.68+0.01° 0.83+0.03 1.21+0.017 20.78+2.01° 1.49+0.04° 46.17 £2.90° Fair

BAF 6.19+0.04% 0.82+0.06° 0.94+0.05 1.15+0.07° 14.63+0.89¢ 1.38+0.01° 31.81+£2.72° Good
WAF 6.24+0.132 0.77+£0.02? 0.89+0.02 1.16+0.06° 16.42+0.73¢ 1.43+0.02° 37.64+3.02° Fair

DAF 5.98+0.01° 0.69+0.01° 0.78+0.01 1.13£0.05% 12.68+0.99° 1.41+0.03° 44.86+4.42° Good

Values are means of three replicates + standard deviation. (n=3)

Values in the row with the same letter in superscript are not significantly different from each other (p <0.05)

AAF autoclaved amaranth flour, GAF germinated amaranth flour, FAF fermented amaranth seed, BAF blanched amaranth flour, WAF whole
amaranth flour, DAF defatted amaranth flour, LBD loose bulk density, PBD packed bulk density, HR Hausner ratio, CI Carr index, TD true den-

sity

a significant difference when comparing between the
bulk density of roasted, raw and autoclaved beniseed
flour. Loose bulk density correlates significantly (p <0.01)
to packed bulk density (0.946) and porosity (—0.993) but
significantly (p <0.05) correlate to true density (—0.898)
as shown in Table 6. Packed density on the other hand
exhibit significant (p <0.01) correlation with loose bulk
density (0.946) and porosity (—0.971). The true density of
the amaranth flour increased with germination with no
significant difference (p <0.05) in the true density of the
amaranth flour. There is a significant (p < 0.05) correlation
between true density and loose bulk density (—0.898),
Hausner ratio (0.900), Carr index (0.904), porosity (0.860),
as well as the |L* value.

3.2.1 Flowability property

The effect of processing on the flow properties of the
amaranth flour is presented in Table 2. Germinated ama-
ranth flour had the highest Hausner ratio (1.26), Carr index
(26.41%) and porosity, hence, poor flowability. Autoclaved
amaranth flour showed lower Hausner ratio, Carr index as
well as lowest porosity and hence good flowability. The
Hausner ratio and Carr index are considered as an indirect
measurement of powder or particle flow property and
the higher the values, the more cohesive the substance is
[36]. The higher porosity of the germinated flour indicates
poor flowability and hence more inter-particulate space
where water could be absorbed. Hausner ratio correlates
significantly (p <0.01) with Carr index (1.000) and signifi-
cantly (p < 0.05) with true density (0.900) while Carr index
correlates significantly (p < 0.05) with true density (0.904).
Porosity shows significant (p <0.01) correlation with loose
bulk density (—0.993) and packed bulk density (—0.971).
it also correlated significantly (p < 0.860) with true density
(Table 6.).

3.2.2 Colour characteristics

The Hunter colour values (L¥*, a*, b*) of the amaranth flour
as affected by processing is presented in Table 3. Among
the processed flour, autoclave amaranth flour was signifi-
cantly lighter (high L*) and redder (4.08) when compared
with other processed flour. Fermented amaranth flour
was observed to be less bright (lower L* value), greener
(negative a* value), and more yellow (higher b* value) than
other processed amaranth flour. The decrease in lightness
observed in both germinated and fermented amaranth
flour could be as a result of the production of dark pig-
ments and breakdown of carbohydrate and protein to
facilitate Maillard browning reaction during drying which
may had occurred during fungal growth. Also, the metabo-
lism of sugar which led to the production of organic acid
by fermenting and germinating microorganism may have
brought about the darkening of the product colour. The
result also revealed that the hue angle of all processed
amaranth flour was lower than 90° with fermented ama-
ranth flour having the highest value (86.87°). According to
Prinyawiwatkul et al. [37] hue angles of 0°, 90°, and 180°
were categorized to represent red, yellow and green hue
respectively. Food samples or flours within 0°-90° tends
to exhibit orange-red colour while flours within 90°-180°
tends towards greenish yellow colour. Fermented ama-
ranth flour had the highest hue angle (86.65°), its colour
tends to be greenish-yellow owing to its less brightness
(L*=66.47), highest yellowness (b*=12.81), highest green-
ness (a*=-0.70) and highest saturation (chroma=12.82).
A yellow-orange colour was observed in autoclaved flour
when compared to untreated amaranth flour (WAF) which
tends to exhibit orange colour. The change in colour of
the amaranth flour during fermentation and germination
process could serve as an advantage during the incorpora-
tion of the flour into certain food such as pastry, extruded
snacks and baked goods. Hue angle correlates significantly
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21.70
13.68
10.07
12.07

27.53+0.59
15.22+0.37
11.59+£0.11
15.00£0.72

53.66+2.01

64.09+0.1¢

86.87+0.3°

67.69+0.4

12.82+0.12

12.81+0.22
9.07+0.4"
6.32+0.1¢

66.47 +2.09 0.70+0.1¢

FAF
B

76.07+3.14

82.31+0.3?

71.13+0.1°
73.02+0.2°

86.65+0.4

9.58+0.2°
6.96+0.1¢

3.10+0.2
1.93+0.1°
1.40+0.2°

85.14+3.1°

AF

71.59+0.94
74.82+1.99

76.94+0.2°

78.22+0.3P

7791+28°¢

WAF
DAF

81.34+0.4°

80.94+0.2°

9.41+0.3 84.12+0.3

8.78+0.2°

83.60+3.0°

3)

Values in the row with the same letter in superscript are not significantly different from each other (p <0.05)

Values are means of three replicates + standard deviation. (n

AAF autoclaved amaranth flour, GAF germinated amaranth flour, FAF fermented amaranth seed, BAF blanched amaranth flour, WAF whole amaranth flour, DAF defatted amaranth flour, FC/

flour colour index

(p<0.01) with a* value (- 0.958), b* value (0.939) and sig-
nificantly (p <0.05) with chroma (0.901).

3.3 Functional properties
3.3.1 Foaming properties

The effect of processing on the foam capacity and stabil-
ity of amaranth flour is presented in Table 4. Significant
(p <0.05) difference exit in the foaming properties of the
processed amaranth flour with the exception of germi-
nated, fermented and whole flour which was not signifi-
cant in their foaming capacity. The foaming properties
(i.e. capacity and stability) of flour depends generally on
the surface tension formed by proteins which keeps air
bubbles in suspension and slows down the rate of coales-
cence. Foaming properties is also a function of methods of
processing, protein type, carbohydrate, pH e.t.c. The foam-
ing properties were found to increase significantly during
germination and fermentation of the amaranth seed. This
increase could be as a result of an increase in solubilised
protein during germination and fermentation which invar-
iably increased the foaming properties. Also, “germination
and fermentation may have caused surface denaturation
of the proteins and reduced the surface tension of the
molecules, which have good foamability” [9]. The foaming
capacity and stability reported in this research were found
to be lower than that reported by Shevkani et al. [23] on
Amaranthus hypochondriacus L. The foaming properties
of the processed amaranth flour affirm its suitability as a
functional ingredient in food products where foaming is
desirable such as ice-cream. As revealed in Table 6., foam-
ing capacity significantly (p <0.05) correlate with packed
bulk density (—0.854) while foaming stability correlate
significantly (p <0.01) with loose bulk density (—0.949),
packed bulk density (—0.976) and porosity (0.959).

3.3.2 Emulsifying properties

EAl indicates the ability of the proteins to induce the for-
mation of the newly created dispersed particles in emul-
sions, whereas ESl value reflects the ability of food protein
to form an emulsion that can withstand stress and remain
unchanged over a stipulated period of time, under spe-
cific conditions [5]. The emulsion properties depend on
the type, concentration and solubility of the proteins [38].
Germination was found to significantly increase signifi-
cant (p <0.05) the emulsion activity (EA) and stability (ES)
of the amaranth flour, and when compared with the raw
amaranth flour sample. There was an increase of 145% and
142% for the two properties after germination. This result
conforms to the report of Akubor and Obiegbuna [39] that
germination increased the EA and ES of millet flour. These
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Table 4 Functional Properties of the Processed Amaranthus viridis seed flour

Samples  FC (%) FS (%) EAI (m%/g) ESI (%) OAC(g/g) WAC(g/9) Ql(g/9) o LGC (%)
AAF 6.63+027%  4.08+0.16¢ 2092+1.62¢ 31.97+093° 0.88+0.01* 2.20+0.05" 3.56+0.01* 31.42+0.84° 7
GAF 36.03+0.20° 25.33+0.34% 67.10+2.12° 93.30+£3.21* 1.00+£0.02° 233+0.03* 3.13+0.01° 21.74+061° 7
FAF 31.41+0.67° 26.66+0.13% 57.83+1.11° 84.60+1.70° 0.95+0.02° 239+0.05° 3.10+0.03° 20.92+092° 5
BAF 12.99+0.14°  3.65+023¢ 27.48+1.40° 3847+0.09° 0.89+001* 2.16+0.01% 3.40+0.02* 28.08+0.83 13
WAF 29.19+1.62° 1029+1.24° 31.48+129° 4539+1.19° 0.90+0.02° 2.00+0.02° 3.26+0.02° 26.59+0.76° 11
DAF 3047+096° 2155+1.58° 5892+0.67% 7540+2.10° 091+0.02% 221+0.07° 334+0.02% 26.87+055° 9

Values are means of three replicates + standard deviation. (n=3)

Values in the row with the same letter in superscript are not significantly different from each other (p <0.05)

AAF autoclaved amaranth flour, GAF germinated amaranth flour, FAF fermented amaranth seed, BAF blanched amaranth flour, WAF whole
amaranth flour, DAF defatted amaranth flour, FC foam capacity, FS foam stability, EAl emulsion activity index, ES/ emulsion stability index,
OAC oil absorption capacity, WAC water absorption capacity, Q: Swelling factor; O: Sediment volume fraction, LGC least gelation concentra-

tion

results, however, contradict the report of Gamel et al. [40]
that germination decreased emulsion stability of ama-
ranth flour. The increase in the emulsifying properties dur-
ing germination may have been caused by the hydrolysis
and partial unfolding of polypeptides thus exposing the
hydrophobic sites of amino acids, which aids hydrophobic
association of the peptide chains with the lipid droplets,
so that the net result was that a much greater volume/
surface area of protein was made available, and emulsifica-
tion capacity was enhanced [5, 41]. Table 6. showed there
exist significant (p <0.01) correlation between emulsion
activity index and loose bulk density (—0.944), packed bulk
density (—0.949) with loose bulk density (—0.952), packed
bulk density (—0.955) and porosity (0.944).

3.3.3 Water absorption capacity and oil absorption
capacity

The effect of processing on water absorption capacity and
oil absorption capacity of amaranth flour is revealed in
Table 4. Water absorption capacity of whole amaranth flour
(WAF) was observed to be 2.0 g/g, while fermentation and
germination caused significantly (p <0.05) increase in WAC
of amaranth flour by 19.5% and 16.5% respectively. This
result, however, contradicts the report of Gamel et al. [40]
who found that germination reduces the water absorption
capacity of amaranth seed dried at 30 °C. In their research
work, Echendu et al. [42] reported the dependency of
water absorption capacity of flour upon protein, carbohy-
drate and their interaction as well as nature. An increase
of WAC on fermentation could be attributed to an increase
in protein content and change in the quality of protein
upon fermentation and also a breakdown of polysaccha-
ride molecules; hence the sites for interaction with water
and holding water would be increased. The high WAC of
autoclaving conforms to the report of Sharma et al. [43]
who reported an increase in WAC of roasted barley. The

increase in water absorption capacity might be due to an
increased level of damaged starch which was induced by
gelatinization of starch during autoclaving and blanching
[44]. The formation of a porous structure which absorbs
and holds water by capillary action might also be a reason
for the increase in WAC [43].

Germination increase slightly the oil absorption capac-
ity (OAC) of amaranth flour when compared to other pro-
cessing methods but no significant (p < 0.05) difference in
the increase (Table 4). This result is similar to that of Aku-
bor and Obiegbuna [39] who reported an increase in OAC
for germinated millet flour. Since the binding of the oil
depends on the surface availability of hydrophobic amino
acids [45], the enhancement in oil-absorption capacities of
the germinated sample could be attributed to an increase
in the availability of these amino acids by unmasking the
non-polar residues from the interior protein molecules.
OAC has been attributed to the physical entrapment of
oil. This is important since fat acts as a flavouring retainer
and increases the mouthfeel of food [5]. OAC correlate sig-
nificantly (p < 0.05) with loose bulk density (—0.914), Haus-
ner ratio (0.877), Carr index (0.885), porosity (0.866) and L*
value (—0.833). Also, significant (p <0.01) correlation exist
between OAC and True density.

3.3.4 Swelling factor and sediment volume fraction

The ability of the starch granule of flour to swell freely dur-
ing heating in water is the swelling factor. The result of
the swelling factor of the amaranth flour as affected by
processing methods is shown in Table 4. There was a con-
siderable increase in the swelling factor of the amaranth
flour due to autoclaving when compared to other process-
ing methods. The increase as a result of autoclaving could
be due to an increased level of damaged starch which was
induced by partial gelatinization of starch. This caused the
formation of a porous structure which absorbs and hold
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water by capillary action and hence enhances swelling
[43]. The swelling factor correlates significantly (p <0.05)
with loose bulk density (0.888), porosity (—0.874), and true
density (—0.970) at p<0.01.

The sediment volume fraction of the amaranth flour
suspended in aqueous dispersion at 25 °C is presented
in Table 4. According to the result, autoclaved amaranth
flour had the highest volume fraction while germinated
amaranth flour was observed to exhibit the lowest volume
fraction. The sediment volume fraction is the measure of
the total volume of dispersed particle suspended in aque-
ous or dispersed phase [27]. The increased as a result of
autoclaving might be due to partial gelatinization of the
flour allowing greater porosity and fluid entrapment [46].
Table 6. showed SVF significantly (p <0.05) correlate with
loose bulk density (0.903), Hausner ratio (—0.836), Carr
index (—0.838), porosity (—0.874), L* value (0.815), white-
ness (0.836) and significantly (p <0.01) with true density
(-0.971).

3.3.5 Least gelation concentration

The least gelation concentration (LGC) which is defined
as the minimum flour concentration at which gel remain
stable in an inverted tube was used as an index of gelation
capacity. A lower LGC reflects better gelation ability of the
flour [47]. The least gelation concentration (Table 4) of the
fermented amaranth flour (5%) which is the least among
all the samples followed by germinated amaranth flour
(7%). Autoclaved amaranth flour had the highest least
gelation concentration. The LGC of the fermented flour is
in agreement with the result of Elkhalifa et al. [48] who
reported 6% for sorghum flour fermented for 24 h. Gela-
tion is an aggregation of denatured molecules. The low
gelation concentration observed in fermented and germi-
nated amaranth flour could be a result of higher amylase
and protease enzyme activities on the starch and protein
fractions of the amaranth flour which lead to lower least
gelation concentration required to form a stable gel. These
results suggest that amaranth flour subjected to fermen-
tation and germinated would be a good gel-forming or
firming agent and would be useful in food systems such as
pudding and snacks which require thickening and gelling.

3.4 Protein solubility

The most critical functional property of protein is protein
solubility because other protein properties such as foam-
ing and emulsifying properties are affected by it [5]. The
result of the protein solubility of the processed amaranth
flour samples at various pH values (2-10) is shown in Fig. 2.
All the processed amaranth flours exhibit minimum pro-
tein solubility at pH 4 which correspond to the isoelectric
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Fig.2 Effect of pH on protein solubility of processed Amaranthus
viridis seed flour (AAF, GAF, FAF, BAF, WAF and DAF)

point (pl) of the processed flours. The solubility of the pro-
cessed Amaranthus viridis seed flour increased as the pH
increased from isoelectric point. Defatted amaranth flour
(DAF) had the highest protein solubility of 71.85% at pH
10 while BAF had the lowest protein solubility (44.25%)
at the same pH when compared to other processed seed
flours. Based on this protein solubility profile; WAF, DAF,
BAF, FAF, GAF and AAF were least soluble (20.37%, 33.09%,
21.72%, 28.64%, 31.39% and 15.81% respectively) at pH 4
and are most soluble at pH 10. Protein solubility character-
istics are influenced by factors such as origin, processing
conditions, pH, ionic strength and the presence of other
ingredients [5].

3.5 Pasting characteristics

The effect of processing on the pasting characteristics
of the amaranth flour is presented in Table 5. There was
significant (p < 0.05) difference in the pasting character-
istics of the processed flour. Fermentation was observed
to cause a significant decrease in the peak viscosity, peak
time, peak temperature, final viscosity breakdown viscos-
ity setback and trough viscosity of the amaranth flour.
There was also a decrease in the pasting profile as a result
of germination of the amaranth flour. The report correlates
with the report of Jan et al. [31] that germination reduces
the pasting properties of Chenopodium album. The reduc-
tion in the pasting profile of fermented and germinated
amaranth flour could be as a result of the activation of
an endogenous enzyme such as alpha and beta amylase
which hydrolysis starch into smaller molecules (sugar). Zhu
et al. [49] reported that pasting profile of flour is strongly
affected by starch content, amylopectin-amylose ratio,
protein amylase and lipids. The high amylose content of
autoclaved amaranth flour could be the reason for increase
pasting profile (Table 6).
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Table 5 Pasting properties of the processed Amaranthus virids seed flour

Sample Peak viscosity (cP)

Peak time (min)

Peak temperature Final viscosity (cP)

Breakdown

Setback viscosity

Trough viscosity

Q) viscosity (cP) (cP) (cP)
AAF 941+9.30° 83+0.10° 89.47 +1.00° 1810+ 10.50° 39.8+0.60° 869+ 5.80° 901.2+9.00°
GAF 778+8.50° 5.9+0.10° 83.91+0.90° 1267 +9.60° 24.1+£0.30° 489+8.10¢ 753.9+8.70°
FAF 714+6.70° 5.7+0.20° 78.1+1.10° 1194+11.30f 26.6+0.30° 480+6.50¢ 687.4+6.80°
BAF 873+9.00° 7.2+0.10° 86.23+0.80° 1503+9.10° 35.7+0.70° 630+9.30° 837.3+9.40%°
WAF 841+10.20° 6.5+0.20° 85.78+0.90° 1328+10.80¢ 33.8+0.40° 487+4.90¢ 807.2+8.80°
DAF 943+11.70° 7.5+0.107 86.01+0.50° 1645 +11.00° 36.03+0.70° 702+7.60° 906.9 +10.20°

Values are means of three replicates + standard deviation. (n=3)

Values in the row with the same letter in superscript are not significantly different from each other (p <0.05)
AAF Autoclaved amaranth flour, GAF germinated amaranth flour, FAF fermented amaranth seed, BAF blanched amaranth flour, WAF whole

amaranth flour, DAF defatted amaranth flour

Table 6 Pearson’s correlation between physical and functional properties of the processed amaranth flour

Variables LBD PBD Hr Cl D Porosity | A b AC AE H %W

FC -0725 -0.854° 0070 0082 0479 0797 —-0221 -0269 0.039 —0014 —-0222 0216 —0.205
FS -0.949° -0.976° 0448 0461  0.741 0.959* 0579 -0423 0286 0240 —-0.578 0388 —0.578
EAI -0.944° -0.949° 0501 0510 0739 0.937 -0511 -0376 0334 0292 -0509 0399 —-0.522
ESI -0.952° -0.955° 0512 0521  0.752 0.944* 0550 -0420 0373 0330 -0.546 0437 —0.563
OAC -0.914°> -0747 0.877° 0.855° 0.962° 0.866° -0.833° -0482 0210 0.143 -0.838° 0376 -0.823°
WAC -0583 -0482 0573 0574 0544 0514 -0626 -0592 0759 0754 -0.610  0.668 —0.680
Q 0.888° 0742 -0.803 -0.805 -0.970° —0.874° 0789 0743 -0382 -0294 0787 -0632 0.797
o 0.903° 0749 -0.836° -0.838° —0.971° -0.874° 0.815° 0776 -0.498 -0419 0810 -0701 0.836°

Significant correlation at 1% level
bSignificant correlation at 5% level

FC foam capacity, FS foam stability, EAl emulsion activity index, ES/ emulsion stability index, OAC oil absorption capacity, WAC water absorp-
tion capacity; Q: Swelling factor; ®: Sediment volume fraction, LBD loose bulk density, PBD Packed bulk density, HR Hausner ratio, CI Carr
index, TD true density, AC: Deltachroma; AE: Colour intensity; H*: Hue angle; W: % whiteness

Values in bold are different from 0 with a significance level alpha = 0.05

3.6 Multivariate analysis of physicochemical,
functional, pasting properties of the grain
amaranth

Among the chemometrics techniques used in extract-
ing information from original data, Principal component
analysis is the most commonly used. The result of the mul-
tivariate analysis revealed that the first three component
accounted for 92.65% of the total variability of the data
in which, 71.18% of the total variation was accounted by
component 1 while component 2 accounted for 12.37 vari-
ation, and final, 9.10% of the total variance was accounted
for by component 3. The information extracted from the
factor loadings revealed that the principal component 1
was characterized by all the physiochemical, functional
and pasting parameter except for relative breakdown and
b (degree of blueness or yellowness) which was character-
ized by principal component 2, while fat is characterized

by principal component 3. The factor scores on the other
hand revealed that the processing of the grain amaranth
led to the characterization of the amaranth flour into two
components. Principal component 1 was dominated by
Autoclaved, germinated, blanched, defatted and fer-
mented grain amaranth flour while only whole amaranth
flour was characterized in principal component 2. Cafleque
et al. [50] in their report on the interpretation of biplot
denoted that there exists a positive correlation among
measurements when they are close to each other other-
wise, the farther the measurement is to each other, the
negatively correlated the parameters is. Measurements
or attribute at a distance of 90° to each other is said to
be independent of each other. Owing to this, fermented
and germinated amaranth flour which lies at the negative
side of principal component 1 (Fig. 3) formed a cluster with
stability ratio, Hausner ratio, Car index, true density, poros-
ity, foaming capacity and stability, emulsifying activity and
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Fig.4 Herechical clustering analysis of the grain amaranth flour

stability index, oil absorption capacity, moisture, protein
and fibre, hence their correlation with these parameters.
Autoclaved and blanched amaranth flour however, lies
at the positive side of the component one and formed
clustering with peak viscosity and time, final and break-
down viscosity, breakdown ratio, L (degree of lightness),
colour intensity, whiteness, flour colour index, pH, loose
and packed bulk density, swelling factor carbohydrate and
amylose content. The clustering of the parameters with
AAF and BAF is an indication of strong and positive cor-
rection with these parameters. The result of the herechi-
cal clustering analysis (HCA) of the grain amaranth which
was based on eucliean distance is shown in Fig. 4. Based
on the HCA, the flour is categorized into three (3) classes.

SN Applied Sciences

A SPRINGERNATURE journal

Class 1 is being characterized by FAF and GAF, while flour
samples that was categorized in class 2 include WAF and
DAF. Finally, BAF and AAF are being characterized in class
3. Grain amaranth flour samples which fell into the same
class tends to have similar physiochemical, functional and
pasting properties.

4 Conclusion

In conclusion, processing methods significantly affect the
nutritional, physical, functional and pasting properties
of Nigerian Amaranthus viridis flour. Among the process-
ing methods, germination and fermentation significantly
influence the nutritional, functional as well as the past-
ing properties of the amaranth flour. Owing to it’s higher
nutritional and functional properties, germinated and fer-
mented flour can be used to design gluten-free products
for people with celiac disease as well as being used as a
functional ingredient in the production of weaning foods
and baked products.
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