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ABSTRACT

This work analyzed the nutritional composition of germinated brown rice (GBR) produced from
FARRO 57 rice cultivar and compared it with that of ungerminated brown rice (UBR) and
ungerminated parboiled milled/white rice (UWR) from the same cultivar which were used as
controls. The aim was to evaluate and compare the nutritional composition of UBR, UWR and GBR
of the rice cultivar. The experimental design used was a completely randomized design. GBR was
produced by soaking brown rice grains in distilled water for 24 h and then made to germinate in a
laboratory incubator at 35° C for 12, 24 and 36 h. The parameters determined included proximate
composition, energy value, minerals, vitamins, total starch, amylose and total reducing sugar
contents and they were determined in triplicates. It was found that GBR had significantly higher
contents of protein (14.54-15.01%), ash (3.36.98%), total dietary fibre (9.23-9.31), phosphorus
(130.55-187.15 mg/100 g), iron (6.22-9.94 mg/100 g), calcium (455.0-560.0 mg/100 g), zinc (2.51-
2.72 mg/100 g), selenium (92.10-107.50 pg/100 g), vitamin B, (2.35-2.92 mg/100 g) and vitamin E
(1.82-2.68 mg/100g) than UBR and UWR. Furthermore, there was no significant difference
between the contents of vitamins A (19.45-19.72 1U), B, (0.33-0.34 mg/100g) and B¢ (1.00-1.10
mg/100g) of GBR and UBR samples, however they were all significantly higher than that of UWR.
The GBR also had significantly lower amount of total carbohydrate (64.21-71.09%), total starch
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of the nutrients.

(54.91-60.92%), amylose (22.05-28.14%), and total reducing sugar (5.14-11.23%) than UBR and
UWR. Amongst the GBR samples, the ash, protein, and the minerals increased with increase in
duration of germination while the total carbohydrate, starch and amylose decreased with increase
in duration of germination. GBR was recommended over UBR and UWR due to its optimum levels

Keywords: Germination brown rice; minerals; parboiled milled rice; vitamins.

1. INTRODUCTION

Rice is a well-known cereal grain used as staple
food in many regions of the world. It is reported
that amongst the cereal grain, rice is only second
to wheat in terms of consumption worldwide [1].
The major layers of rice grain include the
husk/hull, bran, aleurone layer, sub-aleurone
layer, germ and endosperm. The husk is the
corklike inedible layer and beneath it is the bran
layer. Beneath the bran layer is the aleurone
layer which is followed by 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.

The removal of only the husk/hull from rice grain
results in what is called brown rice. Thus, brown
rice has the bran, aleurone layer, sub-aleurone
layer, germ and the endosperm. The bran layer
contains most of the minerals, vitamins, dietary
fibre, proteins, fats, antioxidants  and
phytochemicals of rice grains [2,3]. Milled rice
which is also called white rice is got by removing
the bran, the aleurone layer, sub-aleurone layer
and germ [4]. Due to the removal of these layers
together with its nutrients and health substances
to obtain white rice, brown rice is considered
more nutritious than white rice [3,5]. 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 [6]. Furthermore, it
is also susceptible to hydrolytic rancidity due to a
reaction of the natural lipases with the free fatty
acids [4]. In either case, the end product has
undesirable organoleptic attribute characterized
by off-flavour and hence, a shorter shelf-life.
Other factors militating against the use of brown
rice as a stable food include its nutty flavour,
longer cooking duration, hard to chew texture
irrespective of the extent of cooking, and poor
taste [7,8].

There are a few attempts to improve the
nutritional composition of white rice. One of such

is by parboiling. In this method, the rough
rice/paddy is soaked in water for at least 12 h
followed by boiling before milling and polishing.
This is done so that some of the nutrients from
the bran will leach into the endosperm during the
parboiling process. Another attempt is by
fortification with some of the essential nutrients.
The United States FDA for example, has
mandated that fully milled and polished white rice
must be fortified with iron and vitamins B4 and B;
[5]. However, fortification will add to the cost of
production. Also, fortification or enrichment may
not replace all the lost nutrients in their original
form. For example, the lost dietary fibers are
never replaced in polished rice.

The most recent method of improving the
nutritional composition of rice is by a biological
process of germination. In this method, brown
rice is soaked in water for sometimes before
subjecting it to germination. During germination,
the natural lipases, proteases and a-amylases
are employed to breakdown fats, proteins and
carbohydrates to simpler substances [3]. As a
result, not only the quantity and bioavailability of
important nutrients will be increased but the
synthesis of different bioactive compounds will
also be enhanced [7,9]. Other important
characteristics of GBR include good texture,
aroma and taste and are easier to cook [10].
Germinated brown rice is scared in many regions
of the world including Nigeria. Nutritional
information on germinated brown rice from
FARRO 57 is also not found in literatures. The
aim of this study was to produce germinated
brown rice from Nigeria FARRO 57 rice cultivar
and compare its nutritional composition with that
of its counterpart brown rice and the conventional
milled rice.

2. MATERIALS AND METHODS
2.1 Source of the Rice

The FARRO 57 brown rice cultivar used in this
study was provided by Ebony Agro Industries,
Ikwo, Ebonyi State, Nigeria. The analyses were
carried out at Analytical Laboratory, department
of Home Science, University of Nigeria Nsukka,

53



Enugu State, Nigeria. All the reagents were
obtained from the same laboratory.

2.2 Methods
2.2.1 Germinated brown rice production

A modified method of Abbas et al. [11] was used
for the germination process. The process began
by submerging the dehulled rice grains in 0.1%
sodium chloride for 30 min for sterilization,
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 (Gulfex Scietific
DNP-9082, England) to germinate at 35° C for
12, 24 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 (Gulfex Scietific DHG
9202, England) to moisture content below 12%.
The grains were stored in plastic cans until they
were needed for analyses.

2.2.2 Determination of proximate
position and energy value

com-

Hammer mill was used to mill the samples to
flour and the proximate composition of the
various flour samples were determined using
official AOAC [12] methods. The total
carbohydrate (phenol and sulphuric acid
method), crude protein (Kjeldahl, N x 6.25), total
dietary fibre (enzymatic-gravimetric method), fat
(solvent extraction with petroleum ether), ash
and moisture contents were determined. The
Atwater formula was used to calculate the energy
value. Here, the values of carbohydrate, protein
and fat were multiplied by 4.0 kCal/100 g, 4.0
kCal/100 g and 9.0 kCal/100 g respectively and
the results summed up to give the energy value
in kCal/100 g.

2.2.3 Determination of mineral composition

The AOAC [12] method was used to determine
the mineral composition of the flours. Two
gramme of the sample was measured into a
muffle furnace which was used to ash it for 6 h at
550° C. After allowing it to cool, it was mixed with
5 ml of 6N HCI after which they were poured into
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a steam batch for drying by evaporation. It was
filtered through Whatman No. 1 filter paper into
100 ml volumetric flask and distilled water was
added to the filtrate to make up the volume. This
fitrate was then used for the mineral
determination.

Calcium was determined by pipetting 10 ml of the
ashed solution into 250 ml beaker and was
followed by addition of 1 ml 30% citric acid
solution, 5 ml 5% NH,CI solution and distilled
water to make it up to 100 ml before boiling it.
Then there were additions of 10 drops of 0.04%
bromocresol green solution, 30 ml of saturated
ammonium  oxalate  solution, drops of
concentrated HCI to dissolve the precipitate and
drops of NHj; for neutralization. The beaker and
its contents was steamed for 30 min in water
bath, 50 ml of H,SO, was added to dissolve the
precipitate and this was followed by filtering
through filter paper, and distilled water was used
to rinse the filter paper until the filtrate reached
100 ml. It was followed by heating the filtrate to
80°C and titrating with 0.02N KMnO, solution
until the colour turned pink. The absorbance was
read using a spectrophotometer (Genway 6305,
England) and the concentration of the mineral
was calculated from Equation 1.

Cm (mg/100g) = (A X B)/(C x D) (1)
Where Cm = Concentration of the mineral; A =
Absorbance of the sample; B = Concentration of
standard; C = Absorbance of standard; D =
weight of sample.

For magnesium, 10 ml of the ashed solution was
pipette into a 250 ml beaker after which 25 ml of
buffer (pH 10.0) and 25 ml of distilled water were
added. It was followed by addition of 0.1 g of
EBT indicator and swirling until the solution
changed to wine colour. Finally, it was titrated
against 0.01N EDTA until a clear blue colour was
obtained. The absorbance was read using a
spectrophotometer (Genway 6305, England) and
the concentration of the mineral was calculated
from Equation 1.

For zinc, 10 ml of the ashed solution was pipette
into 30 ml test tube after which acetate buffer (5
ml), 1 ml 2% sodium thiosulphate solution and 5
ml 0.05% dithizone solution were added and left
for 5 min before addition of 3 ml of CCl, which
separated the solution into 2 layers. The
absorbance of the upper layer was read using a
spectrophotometer (Genway 6305, England) at
540 nm wavelength and the concentration of the
mineral was calculated from Equation 1.
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For iron, 10 ml of the ashed solution was pipette
into 30 ml test tube after which 1 ml of
hydroxylamine hydrochloride was added and was
left for 5 min before addition of 5 ml acetate
buffer and 1 ml ortho- phenanthroline. The
absorbance of the resulting pink coloured
solution was read using a spectrophotometer
(Genway 6305, England) at 510 nm wavelength
and the concentration of the mineral was
calculated from Equation 1.

For selenium, 10 ml of the ashed solution was
pipette into 30 ml test tube after which 1 ml of 2%
Kl solution and 1ml 1M HCI were added and was
shaken until a yellow colour was obtained. It was
followed by addition of 0.5 ml of 0.02% Safranine
O and 2 ml acetate buffer solution (pH 4.0). The
absorbance was read using a spectrophotometer
(Genway 6305, England) at 532 nm wavelength
and the concentration of the mineral was
calculated from Equation 1.

For phosphorus, 10 ml of the ashed solution was
pipette into 30 ml test tube followed by addition
of 2 ml vanado-molybdate. It was followed by
addition of 0.2 ml H,SO,4 and was stoppered to
mix and left for 10 min. The absorbance was
read using a spectrophotometer (Genway 6305,
England) at 660 nm wavelength and the
concentration of the mineral was calculated from
Equation 1.

of

2.2.4 Determination of

vitamins

composition

Vitamin A was determined using the method of
Jakutowicz et al. [13]. The protein was
precipitated using 3 ml ethyl alcohol. Heptane (5
ml) was used for extraction and the absorbance
was read using a spectrophotometer (Genway
6305, England) at 450 nm wavelength against
the blank.

The AOAC [12] method was used to determine
the quantity of vitamins B4, B,, B3, Bg and Bg. The
flour sample (5 g) was measured into a conical
flask and was followed by extraction and
digestion. For B4, the extraction was done with
50 ml ethanolic sodium hydroxide before filtering
through Whatman No. 1 filter paper. Potassium
dichromate (10 ml) was added to the filtrate
before reading the absorbance in a
spectrophotometer (Genway 6305, England) at
360 nm wavelength. For B,, extraction was done
with 100 ml ethanol before filtering through
Whatman No. 1 filter paper. Furthermore, the
filtrate was mixed with 10 ml KMnO,4 and 10 ml
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3% hydrogen peroxide and then heated in a
water bath for 30 min and was followed by
addition of 2 ml of 40% Na,SO,. It was followed
by centrifuging at 1500 rpm and reading the
supernatant in spectrophotometer (Genway
6305, England) at 510 nm wavelength. For Bj,
the extraction was done with 50 ml of 1N H,SO,
for 30 min. This was followed by addition of 0.5
ml NH; solution and filtering through Whatman
No. 1 filter paper. Furthermore, 10 ml of the
filtrate was mixed with 5 ml of 0.5% potassium
cyanide and was followed by acidification with 5
ml of 0.02N H,SO,. Spectrophotometer (Genway
6305, England) was used to read the absorbance
of the resultant solution at 420 nm wavelength.
For Bg, the extraction was done with 10 ml 0.1M
HCI accompanied with vigorous shaking for 10
min. The sample was filtered through Whatman
No. 1 filter paper and the filtrate was made to 10
ml by addition of distilled water. Furthermore, 5
ml of the slightly acidic filtrate was treated with 1
ml 0.40% ferric chloride. The optical density of
the resultant brown solution was measured in a
spectrophotometer at 450 nm against the blank.

Vitamin E was determined by AOAC [14]
method. Here, 1 g of the sample was measured
and extracted with 50 ml petroleum ether and
was concentrated to dry. The residue was mixed
with 5ml of 0.1M KOH for saponification and was
then refluxed. Another 20 ml of petroleum ether
was added to extract the unsaponified matter
and the filtrate was concentrated to dry. The
concentrate was mixed with ethanol (20 ml) after
which 1 ml was measured into a test tube and 1
ml 0.2% ferric chloride and 1 ml 0.5% dipyridyl in
ethanol were added. The solution was made up
to 5 ml by addition of ethanol. The absorbance of
the solution was then read at 520 nm against a
blank.

The absorbance obtained from each of the
sample extracts was converted to their
respective vitamin concentration by means of
their calibration curve generated using different
standard concentrations.

2.2.5 Determination of total starch, amylose
and reducing sugar compositions

The rapid total starch method [15] was used to
determine the total starch content, and the
absorbance of the sample was read against the
blank at 510 nm wavelength. The ISO [16]
method was used to determine the amylose
contents. In this method, the 0.1 g of each flour
sample, blank or standard was measured into a
100 ml volumetric flask after which 1 ml of 95%
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ethyl alcohol and 9 ml of 1 M sodium hydroxide
were added. The flask together with the mixture
was transferred to a water bath that contained
boiling water and the mixture was heated for 20
min after which it was allowed to cool to ambient
temperature. The volume was made up to 100 ml
by addition of distilled water. A vortex mixer was
used to mix 0.5 ml of test sample, standard or
blank, 0.1 ml of 5% acetic acid, 0.2 ml of iodine
and 9.2 ml distilled water in a 10 ml test tube and
the absorbance was read at 720 nm wavelength
against the blank. A calibration curve was
obtained using standard graded amylose (Fluka
chemicals, Germany), and the percentage
amylose was extrapolated from the curve.

The total reducing sugar was determined by
AOAC [14] method and D-glucose was used as
standard. The quantity of reducing sugar was
calculated using Equation 2.

[100(XxY)]
z

RS = (2)
Where, RS = Reducing sugar (in %); X= D-
glucose used to reduce 20 ml soxhlet reagent (in
ml); Y= Concentration of D-glucose standard
used to reduce 20 ml soxhlet reagent; Z= weight
of the sample titrant used (in g)

2.3 Statistical Analysis

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

3. RESULTS AND DISCUSSION

3.1 Proximate Composition and Energy
Value

The proximate compositions of the ungerminated
parboiled milled/white rice (UWR), brown rice
(UBR) and germinated brown rice (GBR) are
presented in Table 1. The protein content was
highest in GBR (14.54-15.01%) followed by UBR
(10.99%) and least in UWR (10.16%). Higher
protein content in GBR was previously reported
[17,18]. The reason for this could be due to the
action of proteases on some bound proteinous
substances [8]. The ash content was also highest
in GBR (3.36-3.98%) followed by UBR (1.32%)
and least in UWR (1.26%). The ash content
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indicates the mineral composition of food and
thus minerals may be higher in GBR than UBR
and UWR. Higher ash content of GBR was also
previously reported [18]. Amongst the GBR
samples the quantities of both protein and ash
increased  with  increasing  duration  of
germination. Rice grain is reported to contain
high quantity of phytic acid which is a potent
mineral inhibitor [19]. This phytic acid is acted
upon by an enzyme called phytase and phytase
activity increases with increase in duration of
germination [19]. Thus, increase in ash content
with duration of germination could be due to
increase in phytase activity.

The moisture contents were generally low and
fall below 14% reported for prolonged storage life
of rice grains [8]. The fat content was lower in
UWR (1.00%) than UBR (2.46%) and GBR (2.90-
2.93%). There was no significant difference
(p>0.05) between the fat content of UBR and
GBR. The low fat content of UWR could be due
to the removal of the germ and the bran during
rice milling. The total dietary fibre was highest in
GBR (9.23-9.31%) followed by UBR (8.20%) and
least in UWR (5.20%). The possible reason for
high dietary fibre in GBR could be due to a
combination of factors such as the removal of the
bran and the aleurone layers during rice milling
and polishing [3] as well as the formation of new
cell wall components during germination [20]. No
significant difference existed in total dietary fibre
amongst the GBR samples. High dietary fibre in
GBR was also previously reported [17,21]. High
dietary fibre in food is advantageous due to its
role in regulation of glucose absorption, reduction
in the amounts of blood cholesterol and glycemic
index, prevention of Type 2 diabetes and obesity
as well as acting as substrate for beneficial
bacteria in the colon [1,7].

The total carbohydrate was highest in UWR
(77.15%) while UBR and GBR had values of
72.49% and 64.21% - 71.09% respectively. The
high total carbohydrate content of UWR could be
due to removal of most of the other nutrients
along with the bran, the aleurone layer and the
germ during rice miling thus making
carbohydrate the only remaining major nutrient in
the grain [3]. The total carbohydrate also
decreased with increase in germination duration
in GBR samples and this could be due to
increase in amylase activity [22]. The energy
content was 358.24 kCal/100g for UWR, 356.06
kCal/100g for UBR and 343.25-368.62 kCal/100g
for GBR. The total carbohydrate contributed
more to the energy value, followed by protein
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while fat contributed the least. Just like total
carbohydrate, the energy content also decreased
with increase in germination duration. From the
data obtained it could be said that germination
for 12 h led to the production of rice with the best
combination of nutrient composition.

3.2 Mineral Composition

The composition of minerals in the samples is as
shown in Table 2. The phosphorus content was
highest in germinated brown rice (GBR) samples
(130.55-187.15 mg/100g) followed by that of
ungerminated brown rice (UBR) which was 69.75
mg/100g while the parboiled milled rice (UWR)
had the least (18.05 mg/100g). Iron is a micro
nutrient that forms a major part of the protein
called myoglobin, whose function is to supply the
muscles with oxygen. Iron helps the cells to
develop, grow and function appropriately and
helps the body to produce hormones [23]. A
condition called anaemia which is characterized
by loss of blood is as a result of deficiency of
iron. The iron content of UWR increased by
almost 4 times in UBR (4.65 mg/100 g) and
almost 6 to 9 times in GBR (6.22-9.94 mg/100 g).
The body requires calcium for proper bone
development. Calcium was 50.0 mg/100g in
UWR, but increased to 106.0 mg/100g in UBR
and to 455-560 mg/100 g in GBR. The calcium
content of GBR was 9 to 11 times higher than
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that of UWR. Magnesium content of GBR (119.0-
272.0 mg/100g) was 2.7 to 6.3 times higher than
that of UBR (43.58 mg/100g) and 3.0 to 7.0 times
higher than that of UWR (39.22 mg/100g).
Magnesium functions as a cofactor for numerous
biological enzymes [24]. Selenium induces DNA
repair, helps the body to eliminate damaged cells
and also helps the liver to deactivate toxins [25].
The selenium content was higher in GBR (92.10-
107.50 pg/100g) than UBR (82.20 pg/100g) and
UWR (43.30 pg/100g). Zinc was also higher in
GBR (2.51-2.72 mg/100g) than UBR (1.70
mg/100g) and UWR (1.03 mg/100g). Zinc helps
in growth and cell division, in the metabolism of
lipids, proteins, carbohydrates and energy,
boosts the immune system and prevents
infection [26].

It is worthy to note that apart from these minerals
being higher in GBR than UBR and UWR, the
increase in these minerals in GBR followed a
particular trend; they increased in quantities with
increase in germination duration. The only
exception to this trend was zinc. The increase in
these minerals could be due to the decrease in
phytic acid content with increase in duration of
germination following a corresponding increase
in phytase activity [19]. The enzyme phytase has
been reported to break down phytic acid thereby
increasing the availability of the bound minerals
[19].

Table 1. Proximate and energy compositions of the samples

Sample Protein Ash Moisture  Fats (%) Total dietary Total Energy

(%) (%) (%) fibre (%) CHO (%) (kCal/100 g)
UWR 10.16° 1.26° 10.46° 1.00° 5.20° 77.15° 358.24°
UBR 10.99° 1.32° 11.98° 2.46° 8.20° 72.49° 356.06°
GBR-12  14.54° 3.36° 10.90° 2.90° 9.23° 71.09° 368.62°
GBR-24 14.77*  3.82° 10.88° 2.92° 9.25° 66.99° 353.32°
GBR-36 15.01° 3.98° 10.86° 2.93° 9.31° 64.21¢ 343.25°

Values with the same superscripts in each column are not significant difference at p>0.05. CHO=
carbohydrate, UWR= ungerminated parboiled milled rice; UBR= ungerminated brown rice;, GBR= germinated
brown rice; 12, 24 and 36 are germination durations (h)

Table 2. Mineral composition of the samples

Sample P Fe Ca Mg Se Zn
(mg/100g) (mg/100g) (mg/100g) (mg/100g) (mg/100g) (mg/100 g)

UWR 18.05° 1.27° 50.00° 39.22° 43.30° 1.03°

UBR 69.75° 4.65° 106.00° 43.58° 82.20° 1.70°

GBR-12 130.55° 6.22° 455.00° 119.00° 92.10° 2.51°

GBR-24 180.27° 9.92° 520.00° 200.61° 103.50° 2.72°

GBR-36 187.15° 9.94° 560.00° 272.312 107.50° 2.72°

Values with the same superscripts in each column are not significant difference at p>0.05.; UWR= ungerminated
parboiled milled rice; UBR= ungerminated brown rice; GBR= germinated brown rice; 12, 24 and 36 are
germination durations (h)
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3.3 Vitamin Composition

The composition of the vitamins in the samples is
as shown in Table 3. Vitamin A is a well known
vitamin whose deficiency causes night blindness.
Vitamin A was 10.71 IU in UWR but was higher
in UBR (19.72 1U) and GBR (19.49-19.53 IU)
samples. A previous work by Abbas et al. [11]
showed that vitamin A was higher in GBR than
UWR. There was no significant difference
(p>0.05) between vitamin A content of UBR and
GBR samples.

Thiamin (vitamin B4) content of UWR (0.08
mg/100g) was increased by more than 4 times in
UBR and GBR samples. Just like vitamin A, no
significant difference existed in the amount of
vitamin B; between UBR and GBR samples.
Riboflavin (vitamin B,) was highest in GBR (2.35-
2.92 mg/100 g) followed by UBR (1.66 mg/100 g)
and lowest in UWR (0.81 mg/100 g). Naicin
(vitamin Bj) values were generally low and its
content in UWR (0.80 mg/100g) did not differ
significantly (p>0.05) from that of UBR and GBR
samples. Vitamin Bg was lower in UWR (0.68
mg/100 g) than UBR and GBR samples (1.00-
1.10 mg/100 g) and there was no significant
difference between UBR and GBR samples. Rice
grain is not a source of Vitamin By and that could
be the reason why it was not detected in UWR
and was negligible in UBR and GBR samples.
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Vitamin E is a well-known antioxidant that
enhances metabolic processes and helps to
improve the immune system of the body [1].
Vitamin E was highest in GBR (1.82-2.68
mg/100g) followed by UBR (1.38 mg/100g) while
UWR had the lowest value (0.24 mg/100g). This
is in agreement with the previous works by Kaur
et al. [19] and Lin et al. [27] who also reported
significantly higher values of vitamin E in GBR
than UBR and UWR. Amongst the GBR samples,
it was found that increase in the duration of
germination did not have any significant effect on
the values of the vitamins assayed.

3.4 Total Starch, Amylose and Total
Reducing Sugar Contents

The content of total starch, amylose and total
reducing sugars are shown in Table 4. The white
rice (UWR) had the highest total starch content
(76.06%) followed by brown rice (UBR) whose
total starch was 67.09% while the germinated
brown rice (GBR) had the least values (60.92-
54.91%). The amylose content of UWR (35.87%)
did not differ significantly (p>0.05) from that of
the UBR but the values of amylose were lower in
GBR (22.05-28.14%). Chinma et al. [18] and
Kaur et al. [19] also reported lower total starch
and amylose contents in GBR than UWR. It was
observed amongst the GBR samples that both
the total starch and the amylose decreased with

Table 3. The composition of vitamins

Sample Vitamin Vitamin Vitamin Vitamin Vitamin Vitamin B9 Vitamin E
A (IU) B1 B2 B3 B6 (mg/100g) (mg/100
(mg/100 g) (mg/100 g) (mg/100 g) (mg/100 g) g)
UWR 10.71°  0.08° 0.81° 0.80° 0.68° nil 0.24¢
UBR 19.72° 0.33% 1.66° 0.80° 1.04% 0.01? 1.38°
GBR-12 19.53° 0.34° 2.35° 0.81? 1.10° 0.01? 1.95%
GBR-24 19.49° 0.34° 2.61° 0.83? 1.04° 0.01? 2.68°
GBR-36 19.50° 0.34° 2.92° 0.86° 1.00° 0.01? 1.82°

Values with the same superscripts in each column are not significant difference at p>0.05.; UWR= ungerminated
parboiled milled rice; UBR= ungerminated brown rice; GBR= germinated brown rice; 12, 24 and 36 are
germination durations (h)

Table 4. Total starch, amylose and total reducing sugar compositions

Sample Total starch (%) Amylose (%) Total reducing sugars (%)
UWR 76.06° 35.87° 2.16°

UBR 67.09" 35.10° 1.67°

GBR-12 60.92° 28.14° 5.14°

GBR-24 57.65° 26.72° 11.23°

GBR-36 54.91° 22.05° 8.88"

Values with the same superscripts in each column are not significant difference at p>0.05.
UWR= ungerminated parboiled milled rice; UBR= ungerminated brown rice; GBR= germinated brown rice; 12, 24
and 36 are germination durations (h)
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increase in germination duration. This was akin
to the report by Chinma et al. [18] and Kaur et al.
[19] and reason for this could be due to increase
in amylase activity which is also reported to
increase with increase in duration of germination
[22]. The total reducing sugar was highest in
GBR (5.14-11.23%) followed by UWR (2.16%)
while UBR had the lowest total reducing sugar
content (1.67%). High amount of reducing in
GBR than UWR and UBR was previously
reported [22,28] and this may be due to increase
in amylase activity. Amongst the GBR samples, it
was observed that the total reducing sugar
increases when the duration of germination was
increased from 12 to 24 h, a further increase in
germination duration to 36 h resulted in a
significant decrease (p>0.05) in total reducing
sugar content. It is likely that the sprouts started
utilizing these sugars for growth at 36 h of
germination. Thus, low total starch and amylose
content and high total reducing sugar content
indicate a better nutritional quality of GBR over
UWR and UBR.

4. CONCLUSION

The findings from this study showed that
germinated brown rice (GBR) had better
nutritional quality in terms of higher protein, total
dietary fibre, ash, total reducing sugar, minerals,
and vitamins B, and E, and lower total
carbohydrate, total starch and amylose than
ungerminated brown rice and parboiled milled
rice. Thus production and consumption of
germinated brown rice (GBR) instead of brown
rice or parboiled milled rice is recommended.
The production process of germinated brown rice
is very simple which could easily be adopted by
rice producing industries. This will lead to the
production of highly nutritious product for the
overall health benefits of the consumers.

COMPETING INTERESTS

Authors have declared that

interests exist.

REFERENCES

no competing

1. Ravichanthiran K, Ma ZF, Zhang H, Cao Y,
Wang CW, Muhammad S, et al
Phytochemical profile of brown rice and its

nutrigenomic implications. Antioxidants.
2018;7:71-87.
2. Rohman A, Helmiyati S, Hapsari M,

Setyaningrum DL. Rice in health and
nutrition. International Food Research
Journal. 2014;21(1):13-24.

Ukpong et al.; AFSJ, 20(3): 52-60, 2021; Article no.AFSJ.65306

3. Chaiyasut C, Sivamaruthi BS, Pengkumsri
N, Saelee M, Kesika P, Sirilun S, et al.
Optimization of conditions to achieve high
content of gamma aminobutyric acid in
germinated black rice and changes in
bioactives. Food Science and Technology.
2017;37(1):83-93.

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

5. Ukpong ES, Onyeka EU. Nutritional and
health properties of germinated brown rice
— A review. Nigerian Food Journal.
2019;37(1): 92-105.

6. Vetha VPA, Azhagu SK, Vijay PP. Brown

rice- hidden nutrients. Journal of
Biosciences and Technology. 2013;4(1):
503-507.

7. Chung SI, Ryu SN, Kang MY. Germinated
pigmented rice (Oryza sativa L cv.
superhongmi) improves glucose and bone
metabolism in  ovariectomised rats.
Nutrients; 2016.

DOI: 10.3390/nu8100658

8. Parnsakhorn S, Langkapin J. Effects of
drying temperatures on physical properties
of germinated brown rice. Songklanakarin
Journal of Science and Technology. 2018;
40(1):127-134.

9. Kruma Z, Tomsone L, Kince T, Galoburda

R, Senhofa S, Sabovics M, et al. Effects of

germination on total phenolic compounds

and radical scavenging activity in
hull-less spring cereals and triticale.

Agronomy Research. 2016;14(S2): 1372-

1382.

Wu F, Yang N, Toure A, Jin Z, Xu X.

Germinated brown rice and its role in

human health. Food Science and Nutrition.

2013; 53: 451-463.

Abbas A, Murtaza S, Aslam F, Khawar A,

Rafique S, Naheed S. Effect of processing

on nutritional value of rice (Oryza sativa).

World Journal of Medical Sciences. 2011;

6(2): 68-73.

AOAC. Official methods of Association of

Official Analytical Chemist. Washington

DC; 2015.

Jakutowicz K, Tomick ZI, Leokadia L.

Determination of total plasma tocopherol in

the presence of carotenes.

Poland Archeology of Water. 1997; 20:45-

57.

10.

11.

12.

13.

59



14.

15.

16.

17.

18.

19.

20.

21.

AOAC. Official methods of Association of
Official Analytical Chemist. Washington
DC; 2005.

AACC. Approved methods of American
Association of Cereal Chemists. St. Paul,
MN; 2005.

ISO. International Standard organization
Method of analysis of amylose. 2015;6647-
31.

Accessed 25 January 2017.
Available:http://iso.org/obp/ui/iso:6647:-ed-
2:vl:en.

Wichamanee Y, Teerarat |. Production of
germinated red jasmine brown rice and its
physicochemical properties. International
Food Research Journal. 2012;19(4):1649-
1654.

Chinma CE, Anuonye JC, Simon OC,
Ohiare RO, Danbaba N. Effect of
germination on the physicochemical and
antioxidant characteristics of rice flour from
three rice varieties from Nigeria. Food
Chemistry. 2015;185:454-458.

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.

Lee YR, Kim JY, Woo KS. Changes in the
chemical and functional components of
Korean rough rice before and after
germination. Food Science and
Biotechnology. 2007;16(6):1006—1010.

Li X, Liu Y, Yu J, Wang F, Wang J. Effect

of germination on the bio-functional
components in the germ-remaining
polished rice. Advanced Materials

Research. 2012;396(398):1615—-1618.

Ukpong et al.; AFSJ, 20(3): 52-60, 2021; Article no.AFSJ.65306

22.

23.

24.

25.

26.

27.

28.

Moongngarm A, Khomphiphatkul E.
Germination time dependent of
bioactive compounds and antioxidant
activity in  germinated rough rice
(Oryza sativa L.). American
Journal of Applied Sciences. 2011;8(1):15-
25.

Fairweather-Tait SJ, Cashman K. Minerals
and trace elements. Nutrition for Health.
2015;111:45-52.

Jiamyangyuen S, Ooraikul B. The physico-
chemical, eating and sensorial properties
of germinated brown rice. Journal of
Food, Agriculture and Environment.
2008;6:119-124.

Vogt TM, Ziegler RG, Graubard BI,
Swanson CA, Greenberg RS, Schoenberg
JB, et al. Serum selenium and risk of
prostate cancer in U.S. blacks and
whites. International Journal of Cancer.
2003;103:664—670.

Al-Fartusie FS, Mohssan SN. Essential
trace elements and their vital roles in
human  body. Indian  Journal  of
Advances in Chemical Science.
2017;5(3):127-136.

Lin YT, Pao CC, Wu ST, Chang CY. Effect
of different germination conditions on
antioxidative properties and bioactive
compounds of germinated brown rice. Bio

Med Research International. 2015;
608761.

Xu J, Zhang H, Guo X, Qian H. The
impact of germination on the
characteristics of brown rice

flour and starch. Journal of the Science
of Food and Agriculture. 2012;92(2):380—
387.

© 2021 Ukpong et al.; This is an Open Access article distributed under the terms of the Creative Commons Attribution License
(http://creativecommons.org/licenses/by/4.0), which permits unrestricted use, distribution, and reproduction in any medium,
provided the original work is properly cited.

Peer-review history:
The peer review history for this paper can be accessed here:
http.//www.sdiarticle4.com/review-history/65306

60



