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Functional, cooking, sensory and microbial properties of FARO 44 brown rice as affected
by milling and germination.

Abstract

Germinated brown rice (GBR) was produced from FARO 44 rice cultivar by sterilizing the
paddy in sodium hypochlorite solution, steeping itin potable water and germination of the
dehusked-de-husked grain. Germination temperatures were maintained f'30 and, 35°C. for and
durations—ef 12 and 36 h were—used. The mould content, functional, cooking and"sensory
properties of the GBR were compared to these-ef-non-germinatedsbrown rice (BR) and non-
germinated parboiled milled rice (MR) which were used as controls.The'results showed that
germination temperatures did not significantly affect (p<0.05) the parameters analyzed. The
germinating conditions did not encourage the growth of moulds. The.foaming capacity (55.73%),
foam stability (43.11%), water absorption capacity (1.24 g/g), and oil"absorption capacity (1.07
g/g) of BR did not differ significantly (p<0.05) from that of MR but they increased significantly
in GBR to the range of 66.43-73.05%, 60.48-74.715%, 2.15-2.88 g/g, and 1.95-3.08 g/g
respectively. These values were significantly higher (p>0.05) at germination duration of 36 h
than 12 h. The bulk density (0.93 g/cm?®) and swelling power (6.78 g/g) of BR did not differ from
that of MR but they decreased significantly{(p<0.05) in-GBR to the range of 0.61-0.90 g/cm® and
2.67-4.70 g/g respectively. Much significantly lower (p<0.05) values were obtained at a
germination duration of 36 h. The cooking time was least in MR (11.0 min) as-against BR (18. 0
min) and GBR (12.0-15.0 min),and the water uptake ratio (g water/ g rice) was also least in MR
(2.00)as-against BR (2.19) and GBR (2020-2.37):. MR and GBR germinated for 12 were accepted
while BR was rejected.
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1. INTRODUCTION

Riceis a popular cereal grain which is reported to be only second to wheat in terms of
consumption worldwide [1]. The major layers of rice grain include the husk/hull, bran, thegerm
and endosperm. The husk is the corklike inedible layer and beneath it is the bran layer. The bran
layer is'.composed,of the aleurone layer and the sub-aleurone layer which houses the endosperm.
The germ-is located just after the sub-aleurone layer with some parts of it embedded in the
endosperm. Brown rice and milled/white rice are got from the same rice grain; the difference is

in the degree of milling_(Reference?).

The removal of eaby-the husk/hull from rice grain results in what-is—ealled-brown rice. Fhus;
brown-rice-has-the-bran—germ-and-the-endesperm—The bran layer contains most of the minerals,
vitamins, dietary fibre, proteins, fats, antioxidants and phytochemicals of rice [2, 3]. Milled rice
which is also called white rice is obtained get-by removing the bran layer and germ, meaning it is
composed of only the endosperm. Due to the removal of these layers together with its nutrients
and health-healthysubstances to obtain white rice, brown rice is considered more nutritious than
white rice [1]. This is because the endosperm is made up of 85-90% of starch and is poor in



proteins, fats, minerals, vitamins, and phytochemicals[4]. These layers are removed from brown
rice to extend its shelf-life since brown rice is susceptible to oxidative rancidity due to the
reaction of unsaturated fatty acid in the bran with oxygen [5]. Furthermore, it is also susceptible
to hydrolytic rancidity due to a reaction of the endegeneousendogenouslipases with the free fatty
acids [6]. In either case, the end product has undesirable organoleptic attribute
attributescharacterized by off-flavour and-henee, a shorter shelf-life.

The presence of the bran also causes organoleptic problems that militate against the use of brown
rice as a stable food It produces a flavourless texture that is unpleasant to eat and difficult to
chew. -
poer[7]. Recent researches on rice are almed at soIV|ng thls textural problem of brown rice to
encourage the consumption of rice with the nutrient-densenutrient-dense bran layer[3,:5,.8]. The
cheapest and easiest ef—theseapproaches is rice germination to produce whatiskrewn—as
germinated brown rice (GBR).Brown rice germination employs the natural:proteases, lipases and
amylases to degrade the macromolecules such as proteins, lipids and carbohydrates: These natural
enzymes also act on the bran_which transform it into a form.that can be ahd-reduced-themto—a
form-that-is-easily cooked and chewed _and has with-improved aroma:and taste.

FARO 44 rice cultivar is the most cultivated rice cultivar 'in. Nigeria [9]. FARO 44 (Sippi
692033) is an interspecific hybrid between the local African rice ((Orizaglaberrima) and Taiwan
rice (Oriza sativa) which brings new opportunities for farmers.in Nigeria [10].This rice was
introduced to Nigeria in 1990 and farmers prefer them over other traditional and conventional
cultivars due to its shorter period of maturity, fong slender grain size, its ability to adapt to
different types of soil and its optimum yield'even.under low farm management [9].

Most of the works on GBR are not_done using FARO 44 rice cultivar. Again, previous works
focused extensively on the effect of germination.durations on the physical and sensory attributes
with little or no werksworkon the effect of germination temperature. Germination of brown rice
is done in a humid environment which.is known to support microbial growth including moulds.
However, literatures—works of literatureon mould contents of GRB are scarce. In this study,
brown rice from FARO 44 cultivar.was germinated under controlled eenditionconditions. The
purpose was to investigate the effects ea-ofgermination temperature and duration on the mould
contents, functional, cooking and sensory properties. The work also compares the GBR frem
withits counterparts from milled rice (MR) and brown rice (BR).

2. MATERIALS AND METHODS
2.1 Source of the Rice

The FARO 44 brown rice cultivar used in this study was provided by Ebony Agro Industries,
Ikwo, Ebonyi State, Nigeria.

2.2 METHODS

2.2.1 Germinated Brown Rice Production



The method of Ukpong et al. [5] was used for the germination process. The process began by

followed by rinsing 5 times with distilled water to remove the salt. This was followed by
steeping the grains in distilled water (1 part grains to 10 parts water w/v) at ambient temperature
(29+2°C) for 24 h. During this period the steeped water was changed every 6 h. At the end of
steeping, the water was drained off. The rice grains were spread on a layer of damp sterile jute
bag kept in a laboratory cabinet incubator (GulfexScietific DNP-9082, England) to germinate at
30°C and 40°C for 12 h and 36 h. The other layer of the damp jute bag was used to cover the rice
kernels. During germination, distilled water was sprinkled at every 6 h to maintain uniform
relative humidity. Germination was followed by drying of the grains at 50°C.in hot air oven
(GulfexScietific DHG 9202, England) to moisture content below 12%. The:grains were:stored in
plastic cans until they were needed for analyses.

2.2.2 Production of Non-germinated Parboiled Milled Rice and Brown Rice

Laboratory rice husker (SATAKE, Australia) was used to remove the husk from FARO 44 paddy
rice to get brown rice (BR). Non-germinated parboiled milled rice (MR) on the other hand was
produced by soaking the paddy in warm water (40°C) of potable-quality for 15 h and steaming
for 10 min in a stainless steel pot. The water was drained and the paddy was dried ina _hot air
oven (GulfexScietificGulfex—ScietificDHG 9202, England) -initially at 120°C for 10 min and
thereafter at 78°C until the moisture content was'below 13%. Laboratory rice husker (SATAKE,
Australia) was also used to dehusk them and finally, they were milled ina laboratory rice mill
(LT JIM-2099, China). MR and BR served as controls.

2.2.3 Analysis fer-ofPresence of Moulds on the Grains

This was determined using the methed of Filho etial. [11]. In this method, clean glass wares were
heated in a hot air oven set at 60°C for 10 min after which the glass wares were left to cool. The
medium used was Sabouraud dextrose agar. The sample (5 g) was measured and suspended in
100 mL of distilled water and.the suspension was allowed to stand for 10 min with constant
shaking. Furthermore, 0.1'mL of the suspended samples was-wereinoculated unto the surface of
Sabouraud dextrose ‘agar plates, using, the streak plate method of inoculation. The culture plate
was incubated at:25°C for 72 h. After this period of incubation, the plate was examined for the
growth of colonies. If.the colonies were found, they would be re-isolated, incubated and
identified.

3.2.4 “Determination of Functional Properties of the Samples

The samples were ground to pass through a 0.425 mm mesh sieve. The bulk density, water
absorption capacity, oil absorption capacity, foaming capacity, foam stability and swelling power
were determined on the different flour blends.

3.2.4.1 Bulk Density

A little modification of the procedure of Asoegwu et al. [12] was used to determine the bulk
density of the flour samples. Fifty grams of flour was measured into a 100 mL graduated
measuring cylinder. This was followed by tapping the bottom of the cylinder on the laboratory
table until there was no further change in volume after which the volume was recorded. The bulk
density (gml™) was then calculated using Equation 1.
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Bp =2 Equation 1
VF

Where BD = Bulk density (gmL"); WF = Weight of flour (g); VF = Volume of flour (mL).

3.2.4.2 Water Absorption Capacity

The AOAC [13] method was used to determine the water absorption capacity. One gram of the
sample was weighed into a graduated conical flask and 10 mL of distilled water was added. This
was followed by whirling for 30 s to mix. The sample was allowed to stand at room temperature
(29£2°C) for 30 min after which it was centrifuged at 5000 rpm for 30 min. The mixed sample
was finally poured into a 10 mL measuring cylinder to determine the volume of the free water.
The water absorption capacity was calculated using Equation 2.

WAC = (TWA — FW) x DW Equation 2

Where WAC = water absorption capacity; TWA = Total water absorbed; FW = Free water
(supernatant); DW = Density of water

3.2.4.3 Oil Absorption Capacity

The AOAC [13] method was used. One gram of the sample was weighed into a graduated
conical flask and 10 mL of soya bean oil was added. This was followed by whirling for 30 s to
mix. The sample was allowed to stand at room temperature (29+2°C) for 30 min after which it
was centrifuged at 5000 rpm for 30 min. The mixed sample was finally poured into a 10 mL
measuring cylinder to determine the volume of the free oil. The oil absorption capacity was
expressed as grams of oil absorbed per gram of sample. The oil absorption capacity was
calculated using Equation 3.

OAC = (TOA —F0) xDO Equation 3

Where OAC = Oil absorption capacity; TOA = Total oil absorbed; FO = Free oil (supernatant);
DO = Density of oil

3.2.4.4 Foaming Capacity

The Foam capacity'(FC) was determined according to the procedure of Makri et al. [14] but with
little modification. The flour (1.0 g) was measured and mixed with 50 mL distilled water in a
graduated cylinderiat room temperature 29+2°C. Panasonic (MX-AC 2105) blending machine
was used to:whip:the suspension to homogenize. The increase in the volume of the suspension
was noted and recorded. Foaming capacity was then calculated using Equation 4.

FC(%) = [(VAH—V:BH)x100]

Equation 4
VBH

Where FC= Foam capacity; VAH=Volume after homogenization; VBF=Volume before
homogenization.

3.2.4.5 Foam stability

The Foam stability (FS) was determined according to the method of Chandra &Samsher[15]. The
flour (1.0 g) was measured and mixed with 50 mL distilled water in a graduated cylinder at room
temperature 29+2°C. Panasonic blending machine(MX-AC 2105) was used to whip the



suspensionfor 5 min to foam. The volume of foam formed was measured 1 h after whipping and
the foam stability was calculated using Equation 5.
VAW-VBW

Foamstability = — w100 Equation 5

Where, VAW = Volume of foam after whipping; BW = Volume of foam before whipping
3.2.4.6 Swelling Power

The method of Crosbie [16] was used with a little modification by using rice flour instead of
cocoyam flour. The flour sample (0.35 g) was mixed with 12.5 mL of distilled water and the
slurry was heated for 30 min in water bath at 60°C. During the heating, the slurry was stirred
continuously. This was followed by centrifugation in a centrifuge (L-708-2, Phillips Drucker,
Oregon, USA) at 168xg for 15 min. Furthermore, the supernatant was decanted and the residue
dried in evaporating disc for 20 min at 100°C after which it was weighed. The swelling power
was then calculated using Equation 6.

Swellingpower = % Equation 6
Where WR= Weight of residue; WS= Weight of sample

3.2.5 Determination of Cooking Characteristics of the Samples
Cooking time, elongation ratio,cooked rice.length/breadth ration and water uptake ratio were
determined on the germinated rice grains according to the,method described by Sanusi et al. [17].

3.2.5.1 Cooking time

The rice samples (20 g) were cooked:in 100 mL of.distilled water on an electric cooker at 100°C.
After cooking for 10 min, 10 grains were taken-at every 2 min intervals for testing until the end
of the cooking cycle. The testing was:done by selecting 10 grains at random and pressed between
two clean glass plates. Cooking.time was determined as the time when at least 90% of the grains
did not have uncooked centres or.opaque cores.

3.2.5.2 Elongation ratig

This was determined by ‘measuring the length of 20 cooked grains which were selected at
random. The mean, measured length of cooked rice was divided by mean length of uncooked
samples.

3.2.5.3 Cooked rice length/breadth ratio
The length/breadth ratio will be determined by dividing the cumulative length to breadth ratio of
cooked'rice. A mean of twenty replicates will be taken for measurement.

3.2.5.4 Water uptake ratio (WUR)

An electric cooker was used to cook 10 g of whole rice sample in 100 mL of water for a
minimum cooking time. The water was drained off and the cooked sample was weighed.
Equation 7 was used to calculate the water uptake ratio.

WUR = (WCR)/(WUCR) Equation 7



Where WUR = water uptake ratio; WCR = weight of cooked rice (g); WUCR= weight of
uncooked rice (g).

3.2.6 Sensory Evaluation of the Samples

A panel of 30 untrained judges was asked to evaluate the appearance, texture, aroma, and taste
on a 7-point semi-structured hedonic scale. Weighted arithmetic mean as described by Ukponget
al. [18] was used to calculate the acceptability and the following weight was assigned to each
parameter: General appearance 35%, taste 20%, aroma 15%, and texture 30%.

3.2.7 Statistical Analysis

The data obtained from the study were further subjected to Analysis of Variance (ANOVA) with
the aid of SPSS package version 17.0. Significant differences at p<0.05were determined using
Fisher’s Least Significant Difference (LSD) and Duncan Multiple Range Tests.

4. RESULTS AND DISCUSSION
4.1 Mould content as affected by milling and germination conditions

Table 1 shows the effects of milling, germination time. and, germination temperature on the
mould content of FARO 44 brown rice. It was interesting to observe that no mould growth was
found in MR, BR and GBR samples. This finding agrees with‘a.previous report [19]. The reasons
for the absence of mould could be due to shorter duration of germination and high sanitary and
hygiene conditions such as sterilization of the paddy rice in sodium hypochlorite solution, use of
potable water for the germination, changing of the steepuwater at every 6 h interval and use of
sterile wares and materials in the germination process. Thitinunsomboon et al. [20] however
found mould growth in GBR samples germinated for 48 h and 72 h while moulds were absent in
the samples germinated for shorter durations.

Table 1: Mould content as affected'by milling and germination conditions

Sample* Mould Growth
MR No:mould growth
BR No mould growth
Germination at 30°C

G12Tao No mould growth
GasT 30 No mould growth
Germination at40°C

G1Tao No mould growth
GasTag No mould growth

MR= ungerminated parboiled milled rice; BR= ungerminated brown rice; GT= germinated brown rice; subscripts 12
and 36 are germination durations (h); subscripts 30 and 40 are the temperatures of germination (°C).

3.2Functional properties as affected by milling and germination conditions

Table 2 shows the effects of milling, germination time and germination temperature on the
functional properties of FARO 44 brown rice. The bulk density of the BR was 0.93 g/cm® which
did not differ significantly (p<0.05) from that of MR (0.96 g/cm®) while those of the GBR
ranged from 0.90-0.61 g/cm®. The bulk density decreased significantly as the germination
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duration was increased and those germinated for 36 h were significantly lower than (p<0.05)
those of the control. This could also be due to the breakdown of macromolecules by the
enzymes involved in the germination process whose activity increased as the germination
duration was increased [21, 22]. This is in agreement with previous reports [23, 24]. The low
bulk density of GBR suggests that its flour could be useful to formulate complementary foods.
The temperature of germination however did not significantly affect (p<0.05) the bulk density.
The bulk density of this work, however, was higher than the range of 0.67-0.80 g/cm’earlier
reported[23] and the possible reasons for the variation could be due to the differences in rice
cultivars as well as the longer period of germination (up to 48 h) employed by Chinma et al. [23].

The foaming capacity was 51.05% in MR, 55.73% in BR and 66.43-73.05% in.GBR. Foam
stability was 42.10% in MR, 43.11% in BR and 60.48-74.71% in GBR.

Table 2: Functional properties as affected by milling and germination.conditions

Sample Functional properties

Bulk Foaming Foam Water Oil Swelling

densitay capacity  stability absorption.  absorption power (g/g)

(g/lcm®) (%) (%) capacity. capacity

(9/9) (9/9)

MR 0.964 51.05¢°  42.10g°  1.20g° 1.05g° 6.854°
BR 0.932% 55.73g° 43.11g° 1.245° 1.07g° 6.784°
Germination at 30°C
GuTwn 0.90% 66.44° 60.50° 2.15° 1.95° 4.70°
GasT 3o 0.62° 73.05° 74712 2.88° 2.95% 2.72°
Mean 0763 6975A 6761A 252A 245A 3713
Germination at 40°C
Gu1Tao 0.81° 66.43° 60:48° 2.19° 1.97° 4.70°
GasT 40 0.61° 71.13° 74.62° 2.80° 3.08° 2.67°
Mean 0713 6878A 6755A 250A 253A 3693

Values with the same superscripts or subscripts in each column are not significant difference at p<0.05.
MR= ungerminated parboiled milled rice; BR= ungerminated brown rice; GT= germinated brown rice; subscripts 12
and 36 are germination durations (h); subscripts 30 and 40 are the temperatures of germination (°C).

Foaming capacity:was significantly higher (p<0.05) in BR than MR while in foam stability, there
was:-no significant difference between them. Foaming capacity and foam stability were both
significantly higher (p<0.05) in GBR than MR and BR and they also increased significantly as
the germination duration was increased. These results agree with previous reports [23, 25]. Rice
germination is reported to increase the protein content [26]anrd-inerease-in-protein-content-which
could be the reason for higher foaming capacity and foam stability in GBR. The endogenous
proteinases employed during rice germination have been reported to break down complex
proteins to soluble ones which could also account for the high foaming capacity of GBR [27]. In
this work, both foaming capacity and foam stability increased in GBR as the germination
duration increased which could be attributed to increasing e in the activities of proteinases as the
germination time increased [21]. An itncrease in temperature of germination did not significantly
affect (p<0.05) the foaming capacity and foam stability of the GBR.
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The water absorption capacity was 1.20 g/g in MR, 1.24 g/g in BR and 2.15-1.88 g/g in GBR
samples. There was no significant difference (p<0.05) in water absorption capacity between MR
and BR but the values in GBR were significantly higher than those of the controls. The values
were higher than the range of 1.22-1.54 g/g as well as 1.14-2.28 g/g reported by Gujral et al. [28]
and Chinma et al. [23] respectively and the variations could also be attributed to differences in
the rice cultivars. Both authors also observed that the water absorption capacity was higher in
GBR than the controls which have agree with the results of this study. The water absorption
capacity also increased significantly as the germination duration was increased. High water
absorption capacity of GBR could be due to its high protein contents and their conformation
[29]. The increase in water absorption capacity with increase in duration of germination observed
in this work could be due to the breakdown of complex carbohydrates as. well as. increase in
protein quantity and quality during germination [22]. High water absorption capacity:suggests
that GBR flours can be used to prepare products that require hydration. Increase in temperature
of germination did not significantly affect (p<0.05) the water absorption capacity of the GBR.

The oil absorption capacity was 1.05 g/g in MR, 1.07 g/g in BRand 1.95-3.08 g/g in GBR.There
was were-no significant difference (p<0.05) between MR<and BR but the values in GBR were
significantly higher than those of the controls. Generally, the range of values was higher than
rangesreported by Chinma et al. [23] but less than the range reported by Makinde&Omolori [24].
The reasons could also be due to differences in cultivars:and:differences in the particle sizes of
the flours used by the different researchers. The values were also higher in GBR than in the
controls and they increased with an increase :in duration of germination which is also in
agreement with previous report [23]. It is most likely‘that the activities of the enzymes also
unfolded and exposed the hydrophobigc sites of the amino acids and this could be the reason for
the high oil absorption capacity of GBR [30]. Fats help to enhance the flavour and mouthfeel of
foods. Thus, the high oil absorption ‘capacity of GBR may positively influence its flavour; this
attribute was evident in the result of the sensory evaluation (Table 4). Increase in temperature of
germination did not significantly affect (p<0.05) the oil absorption capacity of the GBR.

The swelling power was 6.85.g/g.in MR, 6.78 g/g in BR and 2.67-4.70 in GBR. There were no
significant difference (p<0.05) between MR and BR but the values in GBR were significantly
lower than these-efthe controls. The starch content and structure influence the swelling power of
flours [31]. Rice. germination often results in reduction of starch content due to action on
amylases on the starch [21]. Lower quantity of starch in GBR than the controls could be the
reason_for lower:swelling power of GBR flour. The swelling power decreased significantly
(p<0.05). as the germination duration was increased and this was in agreement with previous
work [24]..Increase in temperature of germination did not significantly affect (p<0.05) the
swelling power of'the GBR.

3.3 Cooking properties as affected by milling and germination conditions

Table 3 shows the effects of milling, germination time and germination temperature on the
cooking properties of FARO 44 brown rice. The cooking time was 11.00 min in MR, 18.00 min
in BR and 12.00-15.00 min in GBR. Longer cooking time of BR could be due to the presence of
bran. Longer cooking time of BR compared to MR has been previously reported [32, 33]. Unlike
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BR, MR is composed of mainly the starchy endosperm and this could be the reason why it had
the shortest cooking time. The cooking time was also shorter in GBR samples than BR and this
also was previously reported [32, 34]. The reason for this could be due to modification of the rice
kernel by the action of the enzymes during rice germination [22]. The change in the temperature
of germination did not result in any significant effect (p<0.05) on the cooking time. The cooking
time however, decreased significantly as the time of germination was increased and this could
also be due to increased level of activity by these enzymes as the germination time was increased
[21, 22]. Shorter cooking time of GBR compared to BR is advantageous since it will result in
reduction of energy cost of cooking.

The elongation ratio was 1.25 in MR, 1.12 in BR and 1.00-1.09 in GBR. The value in. MR was
significantly higher (p<0.05) than those of BR and GBR and the reason for this could:be due to
the presence of bran in BR and GBR which could limit the expansion during cooking [35].

Table 3: Cooking properties as affected by milling and germination conditions

Sample Cooking properties

Cooking Elongation Cooked rice.. Water uptake ratio (g
time (min)  Ratio length/breadth ratio.  water/g rice)
MR 11.00c° 1.254% 2.308™ 2.00¢°
BR 18.004% 1.128° 2.245° 219"
Germination at 30°C
GuTwn 15.00° 1.09° 2.37 2.20°
GasTao 12.00° 1.01° 2.63 2.37°
Mean 13503 1053 250A 229A
Germination at 40°C
GuTa 15.00° 1.09° 2.39° 2.21°
GasTao 12.00° 1.00° 2.52° 2.35°
Mean 13503 1053 250A 228A

Values with the same superscripts or subscripts in each column are not significant difference at p<0.05.
MR= ungerminated parboiled milled rice; BR= ungerminated brown rice; GT= germinated brown rice; subscripts 12
and 36 are germination durations (h); subscripts 30 and 40 are the temperatures of germination (°C).

There was no significant difference (p<0.05) in elongation ratio between BR and GBR, _and an
increase in germination duration and germination temperature also did not affect the elongation
ratio significantly:

The cooked rice length/breadth ratio was 2.30 and 2024 in in--MR_and BR respectively, without
any —224-in-BR-and-there-was-ne-significant difference (p<0.05) between them. The values in
GBR ranged from 2.37-2.63 which were significantly higher than that-ef-BR. Change in
germination temperature did not affect (p<0.05) the cooked rice length/breadth ratio but the
germination duration does; it increased with an increase in germination duration. The water
uptake ratio was 2.00 g water/g of rice in MR, 2.19 g water/g of rice in BR and 2.20-2.37 g
water/g of rice in GBR. The value in BR was significantly higher than that-e£MR. An itncrease
in temperature of germination did not result in any significant effect (p<0.05) on the water
uptake ratio. The water uptake ratio increased significantly (p<0.05) as the duration of
germination was increased and the values in samples germinated for 12 h did not differ
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significantly from BR while values for samples germinated for 36 h were higher than that of BR.
During rice germinationamylases breakdown the complex carbohydrates into dextrins and other
lower molecular weight substances which resulted in increased reducing sugars contents [36].
Sugars are hygroscopic and as-sueh-the high sugar content of GBR could enable it to absorb
much water compared to MR and BR flours[30].

3.4Sensory properties as affected by milling and germination conditions

Table 4 shows the effects of milling, germination time and germination temperature on the
sensory properties of FARO 44 brown rice. MR had the highest score in appearance (6.32)
followed by BR (4.01) while GBR had the lowest (1.13-3.37). The scores decreased significantly
(p<0.05) in GBR samples as the germination duration was increased which could:be due to
increasing e in the length of the sprouts. MR also had the highest score for texture (6.45) but-this
time-it-was-followed by GBR (4.05-6.32) while BR had the lowest score (2:18). The texture of
BR sample was disliked very much probably because it was hard to.chew due to the presence of
the bran layer [37]. The GBR had the highest scores for aroma (6.87-6.90) followed by MR
(5.09) while BR had the least (2.55). GBR also had the highest;scores for taste (6.20-6.30)
followed by that of MR (6.00) while BR also had the least score (2.11). The enhanced aroma and
taste of the GBR could be due to the activities of enzymes that which modify the grain, break
down macromolecules and release the flavour precursors [37].-The result of the calculated
acceptability was 6.11 in MR, 2.86 in BR and 3.89-5.37in GBR.

Table 4: Sensory properties as affected by milling and germination conditions

Sample Sensory properties

Appearance Texture Aroma Taste Acceptability

MR 6.324° 6.45,° 5.095° 6.00g" 6.11,°
BR 4.01g" 2.18.° 2.55¢° 2.11c° 2.86.°
Germination at 30°C

GuTwn 3.37° 6.32° 6.87° 6.30° 5.37°
GasTx 1.15° 4.05° 6.89° 6.20° 3.89°
Mean 2.26(: 5.193 6.88A 6.25A 4.633
Germination at 40°C

GTa 3.21° 6.28% 6.90% 6.28% 5.30°
GasTx 1.13° 5.98" 6.88% 6.24% 3.91°
Mean 217(; 6133 689A 626A 4613

Values with the same superscripts or subscripts in each column are not significant difference at p<0.05.
MR= ungerminated parboiled milled rice; BR= ungerminated brown rice; GT= germinated brown rice; subscripts 12
and 36 are germination durations (h); subscripts 30 and 40 are the temperatures of germination (°C).

The result of acceptability showed that MR _and -was-aceepted-and GBR germinated for 12 h at
any of the germinating temperatures were accepted while BR was rejected_by the panel. The
organoleptic attributes of BR in terms of unattractive appearance, hard texture and poor flavour
could have all contributed to its rejection. The texture, aroma and taste contributed more to this
acceptance of GBR germinated for 12 h than the appearance. GBR germinated for 36 h at any of
the germinating temperatures were rejected.

4, Conclusion
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The work revealed that rice milling and germination affected the functional, cooking and sensory
properties of FARO 44 brown rice.An increase in germination temperature from 30°C to 40°C
did not affect the functional, cooking and sensory properties significantly. Germination of brown
rice resulted in a product with shorter cooking time and soft texture.Brown rice germinated for
12 h had improved aroma and taste and was accepted. Germination of brown rice for 36 h could
make it good for complementary food due to increase in bulk density and the flour could also be
useful for baked goods due to its high water and oil absorption capacities.

REFERENCES

1.

Ravichanthiran K, Ma ZF, Zhang H, Cao Y, Wang CW, Muhammad S, Aglago EK, Zhang,
Y, Jin Y, Pan B. Phytochemical profile of brown rice and its nutrigenomic. implications.
Antioxidants.2018; 7(6): 1-16. https://doi.org/10.3390/antiox7060071

Chaiyasut C, Sivamaruthi BS, Pengkumsri N, Saelee M, Kesika P,.Sirilun S; Fukngoen P,
Jampatip K, Khongtan S, Peerajan S. Optimization of conditions to achieve high content of
gamma amino butyric acid in germinated black rice, and changes in bioactivities. Food
Science and Technology. 2017;37: 83-93. https://doi.org/10:1590/1678-457X.33416

Zahra N, Jabeen S. Review Article Brown Rice as- Useful:Nutritional Source. Pakistan
Journal of Agricultural Research. 2020;33(3):445-453,

Ukpong ES, Onyeka EU.. Nutritional'and healthiproperties of germinated brown rice — a
review. Nigerian Food Journal.2019; 37(2): 92-105.
https://www.ajol.info/index.php/nifoj/index

Ukpong ES, Onyeka EU, Omeire GC; Ogueke C. Farro 57 Rice cultivar: a comparative
study of the nutritional composition of its parboiled milled rice, brown rice and germinated
brown rice. Asian Food Science  Journal. 2021; 20(3): 52-60.
https://doi.org/10.9734/afs}j/2021/v20i330278

Sripum C, Kukreja:RK, Charoenkiatkul S, Kriengsinyos W, Suttisansanee U. The effect of
storage conditions, on. antioxidant activities and total phenolic contents of parboiled
germinated brown rice (Khao Dok Mali 105). International Food Research Journal. 2016;
23(4)::1827-1831.

Parnsakhorn S, Langkapin J. Effects of drying temperatures on physicochemical properties
of germinated brown rice. Songklanakarin Journal of Science and Technology. 2018;40(1):
127-134. https://doi.org/10.14456/sjst-psu.2018.11

Munarko H, Sitanggang AB, Kusnandar F, Budijanto S. Germination of five Indonesian
brown rice: evaluation of antioxidant, bioactive compounds, fatty acids and pasting
properties. Food Science and Technology.2061. 2021; https://doi.org/10.1590/fst.19721

Oluwaseyi A, Nehemmiah D, Zuluqurineen S. Genetic improvement of rice in Nigeria for
enhanced yeild and grain quality - a review. Asian Research Journal of Agriculture. 2016;
1(3): 1-18. https://doi.org/10.9734/arja/2016/28675

11



10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

Maji AT, Ukwungwu MN, Danbaba N, Abo ME, Bakare S. Rice: History, Research and
Development in Nigeria. In Nahemiah D, Nkama I, Maji AT, Nkwungwu MN. (Eds): Rice
in Nigeria: Traditional Recipes and Research Needs. ResearchGate. 2017. Retrieved May,
29th 2019 from https://www.researchgate.net/publication/318966294

Filho FCC, Pinheiro REE, Azevedo MLX, Neves JA, Albuquerque WFA, Torres AM,
Costa APR, Muratori MCS. Microbiological and mycotoxicological evaluation of rice
products used in human food in northeastern Brazil. African Journal of Microbiology
Research.2015; 9(22): 1487-1491.

Asoegwu SN, Ohanyere SO, Kanu OP, Iwueke CN. Physical properties of African oil bean
seed (Pentonclethranacrophylla). Agriculture Engineering, International: “the CIGR E
Journal. 2006; 8(05): 006.

AOAC. Official methods of the Association of Official Analytical Chemist (20th ed.).
Washington DC. 2015.

Makri E, Popalamprou EDG. Study of functional.properties of .seed storage proteins from
indigenous European legume crops (Lupin pea, broad bean) in admixture with
polysaccharides. Food Hydrocolloids. 2005;19: 583-594,

Chandra S. Assessment of functional properties of different flours. African Journal of
Agricultural Research. 2013;8(38): 4849-4852. https://doi.org/10.5897/AJAR2013.6905

Croshie GB. The relationship between swelling properties, paste viscosity and boiled
noodle quality in wheat flours. Journal of Cereal Science. 1991;13: 145-150.
https://doi.org/10.1016/50733-5210(09)80031-3.

Sanusi MS, Akinoso R, Danbaba N. Evaluation of physical, milling and cooking properties
of four new rice  (Oryza sativa L.) varieties in Nigeria). International Journal of Food
Studies. 2017;6(2): 245-256. https://doi.org/10.7455/ijfs/6.2.2017.a10

Ukpong ES, Uzomah A, Omeire GC, Olawuni 1A. Comparative studies on the effects of
leguminous seed flours on the quality of wheat and maize breads. Nigerian Food Journal.
2017; 35(1):'15-26.

Kim KS; Kim BH, Kim MJ, Han JK, Kum JS, Lee HY. Quantitative microbiological
profiles of brown rice and germinated brown rice. Food Science and Biotechnology. 2012;
21(6): 1785-1788.

Thitinunsomboon S, Keeratipibul S, Boonsiriwit A. Enhancing gamma-aminobutyric acid
content in germinated brown rice by repeated treatment of soaking and incubation. Food
Science and Technology International. 2013;19(2): 25-33.
https://doi.org/10.1177/1082013212442180

12



21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

Chaijan M, Panpipat W. Nutritional composition and bioactivity of germinated Thai
indigenous rice extracts: A feasibility study. PLoS ONE. 2020;15(8 August 2020): 1-15.
https://doi.org/10.1371/journal.pone.0237844

Lee YR, Lee SH, Jang GY, Lee YJ, Kim M, Kim YB, Lee J, Jeong HS. Antioxidative and
antidiabetic effects of germinated rough rice extract in 3T3-L1 adipocytes and C57BLKS/J-
db/db mice. Food and Nutrition Research.2019; 63: 1-10.
https://doi.org/10.29219/fnr.v63.3603

Chinma CE, Anuonye JC, Simon OC, Ohiare RO, Danbaba N. Effect of germination on the
physicochemical and antioxidant and characteristics of rice flour from three rice varieties
from Nigeria. Food Chemistry. 2015;185(0October); 454-458.
https://doi.org/10.1016/j.foodchem.2015.04.010

Makinde F, Omolori D. Improvement of nutritional, functional and pasting properties of
long and short local rice grains during germination. Croatian Journal of Food Science and
Technology. 2020;12(2): 193-202. https://doi.org/10.17508/cjfst.2020.12.2.07

Tortayeva DD, Hettiarachchy N, Horax R, Eswaranandam'S, Jha-A. Effects of germination
on nutrient composition of long grain rice and its protein.physico-chemical and functional
properties. Jfn. 2019;1: 1-9. https://doi.org/10.17303/jfn.2014.1.201

Likittrakulwong W, Poolprasert P, ‘Srikaeo K. Effects of extraction methods on protein
properties obtained from paddy rice and germinated paddy rice. PeerJ. 2021;9: 1-16.
https://doi.org/10.7717/peerj.11365

Okpalanma EF, Ukpong ES, Chude CO, Abah RC. Determination of malting conditions,

proximate and biochemical properties of serghum-+mitetsorghum/millet grains and malts.
International Journal of Food Science and Nutrition. 2021; 6(2): 51-58.

Gujral HS, Sharma P; Kumar A, Singh B. Total phenolic content and antioxidant activity of
extruded .brown. rice. International Journal of Food Properties. 2012;15(2): 301-311.
https://doi.org/10.1080/10942912.2010.483617

lwe MO;-Onyeukwu U, Agiriga AN. Proximate, functional and pasting properties of FARO
44 rice, African yam bean and brown cowpea seeds composite flour. Cogent Food &
Agriculture.. 2016; 2(1). https://doi.org/10.1080/23311932.2016.11424009.

Awuchi CG, Godswill C, Somtochukwu V, Kate C. The Functional Properties of Foods
and Flours. International Journal of Advanced Academic Research | Sciences. 2019;5(11):
2488-9849.

llowefah M, Bakar J, Ghazali HM, Mediani A, Muhammad K. Physicochemical and

functional properties of yeast fermented brown rice flour. Journal of Food Science and
Technology. 2014.https://doi.org/10.1007/s13197-014- 1661-7

13



32.

33.

34.

35.

36.

37.

Ren C, Hong B, Zheng X, Wang L, Zhang Y, Guan L, Yao X, Huang W, Zhou Y, Lu S.
Improvement of germinated brown rice quality with autoclaving treatment. Food Science
and Nutrition. 2020;8(3): 1709-1717. https://doi.org/10.1002/fsn3.1459

Upadhyay A, Karn SK. Brown Rice: nutritional composition and health benefits. Journal of
Food Science and Technology Nepal. 2018;10(Table 1): 47-52.
https://doi.org/10.3126/jfstn.v10i0.19711

Bourneow C, Toontam N. Microbiological quality and some bioactive compounds in
relation to sensory profiles during germination of brown-purple-pigmented rice.
International Food Research Journal. 2019;26(3): 1011-1021.

Kao-sard T, Songsermpong S. Influence of germination time_on the GABA content and
physical properties of germinated brown rice. Asian Journal of:Food and Agro-Industry.
2012; 5(04): 270 — 283.

Kaur M, Asthir B, Mahajan G. Variation in Antioxidants, ‘Bioactive Compounds and
Antioxidant Capacity in Germinated and Ungerminated Grains of Ten Rice Cultivars. Rice
Science. 2017; 24(6): 349-359. https://doi.org/10.1016/j.rsci.2017.08.002

Loan LTK, Thuy NM. (2020). Optimization of germination process of “cam” brown rice

by response surface methodology and “evaluation of’ germinated rice quality. Food
Research.4(2): 459-467. https://doi.org/10.26656/fr:2017.4(2).307.1

14



