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ABSTRACT

This study compared the physicochemical properties of 39 parboiled rice
samples exported from Thailand and 136 samples from five consumer coun-
tries, 26 from Spain, 25 from South Africa, 32 from the United Arab Emirates
(UAE), 28 from Nigeria, and 25 from Saudi Arabia. The coefficient of variation
among the characteristics of the collected parboiled rice samples both within
and between the countries varied, indicating parboiled rice characteristics varied
between Thailand, the exporting country, and the five consumer countries, as
well as among the consumer countries, with color shade (lightness and white-
ness), amylose content, and texture profile the key parameters. While cluster
analysis of the 17 characteristics of parboiled rice samples collected from the six
countries revealed that most samples shared similar characteristics, parboiled
rice samples exported from Thailand differed the most from the samples from
the consumer countries, especially with regard to hardness, gumminess, and
color shade (both whiteness and *L values). To extend the Thai export market,
the Thai producers of parboiled rice should adjust its characteristics to better
match that consumed in the five countries.

Keywords: Parboiled rice, Physicochemical, Texture analysis, Proximate com-
position
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INTRODUCTION

Parboiled rice is usually produced from paddy rice with high amylose content
by parboiling — a process of soaking, steaming, and drying with the husk before
milling (Unnikrishnan and Bhattacharya, 1987). Parboiling offers an attractive
alternative rice product, due to its higher head rice yield and superior nutrient and
mineral composition compared with non-parboiled raw rice (Choudhury, 1990;
Heinemann et al., 2005; Fairulnizal et al., 2015).

Parboiling affects the physical and chemical properties of the rice grain,
although the effect varies with parboiling methods (Islam et al., 2001). For ex-
ample, pressure and dry heat make parboiled grains slightly longer and thinner,
the consumers preferred form (Sowbhagya et al., 1993). Hardness, resulting from
gelatinization during parboiling, is a well-known characteristic of parboiled rice
compared with non-parboiled rice (Gonzalez et al., 2004). Parboiling parame-
ters such as soaking time, temperature, and pH (Bhattacharya, 1996); steaming
temperatures (Chinnaswamy and Bhattacharya, 1986); and drying temperatures
(Mohandoss and Pillaiyar, 1982) also influence the grain color, flavor, and cooking
quality of white rice. The texture and flavor of parboiled cooked rice also depend
on rice variety, amylose content, gelatinization temperature, and processing tech-
niques (Meullenet et al., 1998). Thus, understanding each factor’s effect during
parboiling on rice grain morphology characteristics and chemical properties may
help to optimize the color and favor of polished parboiled rice grains to best match
the characteristics preferred by consumers. In addition, the unit price of parboiled
rice is determined by its appearance and cooking quality after parboiling, which
in turn depends on the selection of the rice variety and the processing technique,
as described above.

Generally, processing of parboiled rice increases grain yellowness, odor/
smell, and hard texture characteristics, which lowers consumer acceptance, espe-
cially in Thailand, where consumers, who do not usually eat parboiled rice, prefer
an off-white colored grain. Consumer preferences for raw (non-parboiled) rice
vary by region, culture, and popularity (Lyon et al., 1999). Regional preferences
likely vary for parboiled rice as well, but variations in parboiled rice products,
e.g. physical characteristics and chemical properties, among different regions have
not yet been reported, This would be useful information, particularly for large
producers like Thailand; Thailand exported nearly 10 million metric tons of all
types of rice in 2015, of which more than 20% was parboiled rice (Thai Rice
Exporters’ Association, 2015). We chose consumer parboiled rice samples from
five countries, most of which have limited production potential for parboiled rice,
to compare with Thailand’s parboiled rice export product.

This study aimed to evaluate the physicochemical properties and proximate
profile of parboiled rice products collected from five consumer countries —Spain,
South Africa, UAE, Nigeria, and Saudi Arabia — compared to parboiled rice
samples exported from Thailand.
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MATERIAL AND METHODS

Sample collection

One hundred thirty-six polished parboiled rice samples were collected from
five consumer countries: 26 from Spain, 25 from the Republic of South Africa,
32 from the UAE, 28 from Nigeria, and 25 from Saudi Arabia. In Thailand, the
producer/exporting country, 39 samples were randomly collected from the 14
biggest producers of parboiled rice in the central region. For the samples from
the consumer countries, we purchased the available parboiled rice products from
a variety of supermarkets, convenience stores, and local markets; where reported,
the country of origin was recorded (Table 1). Where the country of origin was
unavailable, import statistics could not be used as a proxy, as the import/export
statistics do not separate parboiled rice products from other rice imports.

Table 1. Country of origin, where available, of the consumer rice samples.

Country of origin

Consumer country

Thailand Other countries’ Source not reported
Spain 0 0 100
South Africa 28 0 72
UAE 18 65 47
Nigeria 27 61 34
Saudi Arabia 16 84 0

Note: YOther countries of origin include USA, UAE, India, Pakistan, Turkey, Lebanon, Nigeria,
South Africa, and Saudi Arabia.

The parboiled rice samples were packed in polyethylene plastic bags and
kept at 4°C until laboratory analysis to prevent color or physicochemical changes.

Analysis of physicochemical properties

Amylose content. The amylose content of the parboiled rice samples were
stipulated based on the iodine-binding protocol (Juliano, 1971; Thomas et al.,
2013). All the samples were measured for percentage transmittance of iodine
solution intensity at 620 nm using a spectrophotometer (Hitachi, Model 3J0-0100,
Japan). The total amylose content in the parboiled rice samples was determined
on a calibrated standard amylose curve of potato starch.

Physical dimensions. The length (L) and breadth (B) at the middle of the
polished parboiled kernels were measured using a vernier caliper according to the
methods discussed in Thomas et al. (2013). Fifty milled parboiled kernels from
each country were analyzed and the L/B ratio was calculated.

Color shade and whiteness. The color values (L*, a*, b*) of all the par-
boiled rice samples were determined using a colorimeter (Minolta, Model CR-400,
Japan). L* values indicate the lightness (+) / darkness (—), a* the redness (+) /
greenness (—), and b* the yellowness (+) / blueness (—). The colorimeter was
calibrated before testing using standard white and brown plates. Each sample was
tested three times and the values averaged. Whiteness was evaluated in a milling
meter (Satake, Model DDI1, Japan).
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Texture profile analysis. Before texture analysis, a subsample of 300 g
of each parboiled rice sample was cooked in an electric steamer with boiling
water (heating up to 100°C, for 30 min) in the ratio of water to parboiled rice of
1.5:1 by weight. The cooked parboiled rice samples were transferred into plastic
bags, then wrapped with aluminum foil and kept in a foam box to maintain the
temperature at 70°C for analysis. The samples were analyzed using a texture an-
alyzer (TA-XT Plus Texture Analyzer Stable Micro System, UK). Two cycles of
compression tests were conducted for all samples. The cylinder-type measurement
probe was 100 mm in diameter, and 8§ mm from the probe to the base plate. All
the test samples were compressed to 90% strain at a speed of 1 mm/s. The force-
time curve, which was generated using Exponent 32 software, implied maximum
force. The textural parameters collected from the force-time curve were hardness,
adhesiveness, cohesiveness, springiness, gumminess, and chewiness (a measure-
ment of the elastic recovery of the sample) (Bello et al., 2006; Sareepuang et al.,
2008). The texture profile analysis was repeated 15 times for each sample.

Proximate composition analysis. This study examined the moisture, ash,
crude fat, protein, and carbohydrate content of parboiled rice. The moisture
content of parboiled rice flour was determined by the standard protocol (AOAC,
2000) after freezing at -20°C overnight and drying with lyophilizer until a con-
stant weight was obtained. The parboiled rice samples were heated in a muffle
furnace at 450°C for 3 hours to evaluate the ash content according to the methods
outlined in Pearson (1976). For crude fat extraction, the rice flour was analyzed
using a TFE-2000 instrument (LECO®R Corporation, 2002); the parameters were
set at 9000 psi extraction pressure, 100°C extraction temperature, 100°C HRV
temperature, 15 min hold time, 45 min extraction time, and 2 Ipm flow rate. The
Kjeldahl method was used to determine the total nitrogen and crude protein using
6.25 as the nitrogen-to-protein (N:P) conversion factor (LECOR Corporation, 2008).
The total carbohydrate content of the sample was calculated using the following
formula:

Carbohydrate (%) = 100% — (% moisture +% proterin + % fat + % ash)

Statistical analysis. The statistical significance of the obtained data was
determined using analysis of variance (ANOVA), and the different means were
evaluated by Tukey’s HSD post-hoc test using Minitab software. P-values <0.05
were considered significant. Principal component analysis (PCA) was performed
based on the physicochemical properties using the statistical analysis software
XLSTAT, version 2015.5.01.23234 (Kovach Computing Service).

RESULTS
Physical dimension
Variation in the length (2.4-9.7% CV), breadth (1.8-11.5% CV), and length/
breadth ratio (2.5-16.9% CV) of the grain was observed within and between the
samples collected from the six countries (Table 2). Within a country, the samples
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collected from Saudi Arabia had the most uniform grain shape, while those from
South Africa were the least uniform. Between the different countries, only a slight
difference in the grain dimension was observed (p<0.05) (Table 2). The length and
the breadth of parboiled rice kernel from different countries were in the ranges of
6.6-7.2 mm and 2.0-2.2 mm, respectively. The shortest and the widest grains were
found in Spain and Nigeria, respectively, in comparison with the other countries,
while the L/B ratio was in the same range among the countries.

Table 2.Grain length, breadth, and L/B ratio of milled parboiled samples exported
from Thailand and the five consumer countries.

Country L(f:i‘)h cV (%) B{ﬁﬁ;h CV (% L/Bratio CV (%)
Producer country
Thailand 7.1a 3.5 200D 3.1 3.4 ab 4.3
Consumer country
Spain 6.6 b 8.6 20D 9.5 3.2 ab 15.0
South Africa 7.1a 9.1 200 11.5 3.4 ab 16.9
UAE 72 a 6.8 20D 8.8 3.5ab 15.3
Nigeria 7.0 a 9.7 22 a 4.3 32D 13.7
Saudi Arabia 72 a 2.4 200 1.8 36a 2.5
CV (%) 7.0 7.5 2.0 7.5 34 12.7

Note: The values are means averaged from 50 grains. Different lower case letters in the same
column indicate significant difference at p<0.05.

Color shade

The color shade of the collected parboiled rice samples varied within
and between the countries, as observed by the coefficient of variation (Table
3). Within a country, the samples from South Africa had the widest variation
in lightness (9.2% CV) and redness (204% CV), while those from Spain were
the most uniform shade (1.5% CV of lightness and 61.6% CV of redness). On
the other hand, yellowness varied within the samples from South Africa (15%
CV), Nigeria (16.1% CV), and Saudi Arabia (16.7% CV) samples, compared to
Thailand (10.7% CV), Spain (6.1% CV), and the UAE (11.2% CV). Between the
countries, significant difference in color shade was observed (p<0.05) (Table 3).
The lightest color was found in the parboiled rice samples from Thailand, South
Africa, and the UAE, while the darkest was observed in the samples from Spain
and Nigeria; the samples from Saudi Arabia were in the middle. The samples
from Spain, South Africa, the UAE, and Nigeria were redder, while those from
Thailand were greener, with Saudi Arabia between these two. Yellowness was a
similar shade across the samples from all countries.
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Table 3. Color shade values (L*, a*, and b*) of parboiled rice samples exported
from Thailand and five consumer countries.

Country Lig(l{ﬁ:l)ess (C%Ij Re((;g;ess CV (%) Yell((:)v:;less f% I;
Producer country
Thailand 58.7a 2.3 -02¢ 170.2 13.0a 10.7
Consumer country
Spain 528 ¢ 1.5 0.6 a 61.6 142 a 6.1
South Africa 58.8 a 9.2 0.4 ab 204.5 129 a 15.0
UAE 56.8 ab 4.9 0.3 ab 137.4 13.0a 11.2
Nigeria 552Db 57 0.5 ab 126.7 13.0 a 16.1
Saudi Arabia 5520 4.7 02Db 196.8 132 a 16.7
CV (%) 56.4 6.3 0.2 229.5 13.1 13.0

Note: Different lower case letters in the same column indicates significant difference at p<0.05.

Whiteness, amylose content, and hardness

The whiteness, amylose content, and hardness varied among the parboiled
rice samples within and between the countries (Table 4). Within a country, white-
ness varied the most in the samples from Nigeria and Saudi Arabia (45.0-46.0%
CV) compared with the samples from the other countries (24.6-35.7% CV), while
the amylose content was highest in the sample from South Africa (21.4% CV),
and hardness values were highest in the samples from Thailand (59.3% CV) and
South Africa (40.0% CV). Whiteness differed significantly among the samples
from different countries (p<0.05) (Table 4). The samples collected from Spain
were darker than the samples from the other countries. Samples from South Af-
rica and Saudi Arabia had lower amylose content (20.0%), Thailand, Spain, and
Nigeria higher amylose content (24.0%), and the UAE was in the middle (22.3%).
Samples from Thailand had the hardest texture among the parboiled rice samples,
with South Africa the softest, and the others in between.

Table 4. Whiteness, amylose content, and hardness of parboiled rice samples
exported from Thailand and five consumer countries.

Country Wh(i:/e;r)less f%lj Ar?oi:;)se (C%I; Hal(‘l(\iII)IeSS CV (%)
Producer country
Thailand 19.6 a 24.6 242 a 7.0 299.1 a 59.3
Consumer country
Spain 102 b 29.2 237 a 17.4 203.2 be 22.9
South Africa 20.1 a 35.7 19.4 b 214 189.1 ¢ 40.0
UAE 179 a 27.7 22.3 ab 18.5 211.2 be 17.4
Nigeria 162 a 46.0 245a 10.0 274.7 ab 21.5
Saudi Arabia 15.6 a 45.0 19.7b 17.5 213.7 be 24.3
CV (%) 16.9 39.2 22.5 17.2 237.0 44.1

Note: Different lower case letters in the same column indicates significant difference at p<0.05.
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Analysis of texture profiles

The texture profile analysis showed variation among the parboiled rice
samples within and between countries (Table 5). Significant difference was ob-
served between the countries in each of the profiles (p<0.05). The adhesiveness
of the samples from the UAE and Thailand were the same; adhesiveness of the
other countries was lower. Springiness was lowest in the Thailand samples and
highest in the samples from Saudi Arabia. Thailand had the gummiest samples.
The chewiness was highest in the samples from Nigeria and Saudi Arabia; the
rest were lower and similar.

Proximate compositions

The moisture, protein, crude fat, carbohydrate, and ash content of the
parboiled rice samples collected were observed to vary both within and between
countries (Table 6). Moisture (3.8-7.2% CV), protein (6.6-10.4% CV), and car-
bohydrate (0.9-1.3% CV) content varied narrowly among the samples within a
country, while crude fat (19.4-63.5% CV) and ash (15.1-35.9% CV) content varied
widely; South Africa had the widest variation among the samples. Significant
difference was observed among the countries in all the compositions (p<0.05)
(Table 6). Moisture content varied from 9.2-11.1%, with the samples from Thai-
land the moistest and Saudi Arabia the driest. The total protein and fat content
values were slightly different among the countries; South Africa was the highest
and Thailand the lowest. The carbohydrate and ash content values did not differ
between the samples from the different countries.

Principal component analysis. Principal component analysis (PCA) was
used to investigate the traits that were decisive in sample differentiation between
the parboiled rice samples collected from six different countries on the basis of all
the physicochemical properties (Figure 1). The eigenvalues obtained by PCA on
the physicochemical properties indicated that the first two components provided
a good summary of the data, accounting for 38.9% of the total variance. The first
principal component (F1) was mainly influenced by the color shade values of L*,
a*, and b*, as well as springiness and moisture, while the second component (F2)
was mainly influenced by hardness, gumminess, chewiness, and protein content,
indicating that those properties were the major properties that contributed to the
variation found between the parboiled rice samples from the six countries. Most
of the parboiled rice samples from the six countries were clustered in the middle
of the PCA group, while the majority of the parboiled rice samples from Thailand
were scattered from the major cluster to the upper and the lower right quadrants
of the graph.
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Figure 1. The relationship between the physicochemical properties of the 175
parboiled rice samples collected from six different countries as analyzed
by principal component analysis (PCA).

DISCUSSION

The parboiled rice samples in this study were collected among five consumer
countries where parboiled rice is usually consumed among their population in com-
parison with the exported parboiled rice samples from Thailand, where practically
no parboiled rice is consumed, but 2-3 million tons of polished parboiled rice is
exported every year (Rerkasem et al., 2007; Prom-u-thai et al., 2009). While the
consumer samples included some rice of Thai origin, in no country where the
source could be verified did the consumer samples contain more than 30% Thai
rice. The other countries of origin for the consumer samples included USA, UAE,
India, Pakistan, Turkey, Lebanon, Nigeria, South Africa, and Saudi Arabia.

This study is the first to demonstrate variations in the physicochemical
properties between the collected parboiled rice samples both within and between
countries, especially among the consumer countries, suggesting a difference in the
characteristics of locally consumed parboiled rice among consumers in the different
regions. This should be useful information for Thai producers of parboiled rice.

Color shade is another physical characteristic that affects consumer prefer-
ences, and is dependent on the nature of the country, culture, region, and income
(Toquero, 1990). The yellowish shade is unique to parboiled rice (Bhattacharya,
2004), as indicated by the b* value compared with that of non-parboiled rice; the
yellow shades were similar among the countries we sampled. The magnitude of
lightness (L* value) could be the key color characteristic that differentiates the
physical characteristics of parboiled rice available in the producer (Thailand) and
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consumer countries; the exported samples from Thailand and those from South
Africa and UAE were in the same range, the samples from Nigeria and Saudi
Arabia samples were slightly darker, and the samples from Spain were the darkest
shade. Thus, for Thailand’s export product to better match the characteristics of
consumer parboiled rice in Nigeria, Saudi Arabia, and Spain, the grain lightness
may need to be adjusted. The color shade of parboiled rice grain can be adjusted
by varying the parboiling time and temperature, which affects starch gelatinization;
this in turn affects the melanoidin compounds formed in the Maillard reaction
(Lamberts et al., 2006; Parnsakhorn and Noomhorm, 2008; Dutta and Mahanta,
2012; Dutta et al., 2015).

The amylose content in the grain is important to the cooking quality, suit-
ability for eating, and pasting behavior of rice. Rice with a high amylose content
cooks dry and fluffy, but it can become hard after cooling as the amylose mole-
cules are retrograded, while low amylose content results in cooked rice having a
soft texture (Adu-Kwarteng et al., 2003; Sattari et al., 2015). The variety of rice
affects the amylose content in parboiled rice, as the ratio of amylose/amylopectin
is genetically controlled (Juliano and Gonzales, 1989). In our study, the parboiled
rice samples from Spain, Nigeria, and Thailand had higher amylose content than
the others. Although similar, these samples still differed in their textural attributes,
such as hardness, adhesiveness, and gumminess, as other factors also affect the
texture of parboiled rice, including protein content, lipid content, and parboiling
conditions; these would need to be factored into tailoring parboiled rice attributes
for a particular market. Parboiling causes chemical changes in the rice, including
starch gelatinization. Not only does this affect color as discussed above, but also
texture. The soaking time and temperature during parboiling affect the degree of
starch gelatinization, which in turn is responsible for many of the quality attributes
for the texture profile of parboiled rice grain (Marshall et al., 1993; Miah et al.,
2002). During parboiling, amylose molecules leak out of the micellar network
and diffuse into the surrounding aqueous medium outside the granules, before the
granules become fully hydrated (Hermansson and Svegmark, 1996).

Proximate analysis may not reveal the major characteristics separating
parboiled rice samples of different countries. Most of the parboiled samples
collected from the six countries were clustered in the middle of the PCA group,
which suggests that they share similar physicochemical properties, although they
were clustered according to the country where the samples were collected. That
the consumer samples in the different countries shared countries of origin — up
to 30% with the Thai producer samples, and possible overlap among the multi-
ple ‘other’ countries of origin — may be responsible for some of the similarity in
characteristics reported here. However, despite this partial overlap in samples, the
fact that the rice samples within and among the countries still showed significant
differences in their characteristics showed that regional differences existed.

Interestingly, the majority of the parboiled rice samples exported from
Thailand were scattered from the major cluster to the upper and the lower right
quadrants of the graph, indicating that the parboiled rice samples from Thailand
were the most different from or dissimilar to the parboiled rice samples from the
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five consumer countries. Those samples exported from Thailand that are scattered
from the main cluster to the upper right of the graph correlated with the hardness
and gumminess variables, while the samples in the lower right quadrant correlated
with the color shade of whiteness and *L values. This divergence in characteristics
between the exported parboiled rice from Thailand and the consumer countries
sampled here may reflect differences with the parboiled product from other pro-
ducer countries, including USA, Pakistan, Turkey, Lebanon, India, and Bangladesh
found among the samples collected in this study.

As many factors, in addition to consumer preferences, including price,
import/export quotas, supply chain issues, and contracts, may affect the parboiled
rice available at the consumer level in the countries we sampled, additional studies
are needed to more precisely identify to what extent the differences in regional
characteristics of parboiled rice reported here reflect cultural or consumer pref-
erences.

Our comparative analysis of the physicochemical characteristics of par-
boiled rice samples exported from Thailand and consumer parboiled rice samples
available in five importing countries has shown regional variations in parboiled
rice characteristics.
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