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Abstract: The texture properties of cooked rice are a dominant property which can indicate the eating quality.
Evaluation of back extrusion (BE) test precision and sensitivity for cooked germinated brown rice (GBR) texture
in production process was investigated in this study. BE test on texture properties of cooked GBR rice show
high precision of measurement of hardness, toughness and stickiness tests which indicated by the repeatability
and reproductivity test but the sensitivity indicated by coefficient of variation of the texture properties. The
findings of the study of the effect of different soaking and aging duration in the production of Khao Dawk Mali
105 (KDML 105) GBR on cooked GBR texture measured by BE test confirmed the developed protocol for
evaluation of high precision and sensitivity of the texture measurement method. Repeatability and
reproducibility of reliable measurements have a low standard deviation of the farthest different between
replicates, which is considered high precision. High coefficient of variation where the relative wide variation
of the absolute value of the property can be detected indicate high sensitivity which even small resolution can
be detected or vice versa. But the correlation coefficient among the texture properties by BE were not related
to the precision or sensitivity of the test. By these results, the original protocol for determination of precision
and sensitivity of food texture measurement was successfully verified as the usable evaluation protocol for
GBR texture measurement.

Keywords: germinated brown rice; cooked rice; texture; back extrusion

1. Introduction

Germinated brown rice (GBR) have better texture, nutritional and nutraceutical quality
compared to brown rice [1-4]. The water is absorbed rapidly during soaking process and a series of
biochemical processes occur, and result in the softening texture, degradation of polymers, and
enhancing the synthesis and accumulation of some phytochemical compounds [1,5-7]. Example of
production process of GBR in commercial small manufacturing from rough rice was soaked in water
at room temperature for 48 h. The water was changed every 4 h and drained at the end of soaking to
prevent the fermentation of the rice. The rice was kept in polypropylene sag for incubating at 24 h to
obtain the germinated rough rice (GRR). The GRR was dried using fluidized bed technique by
superheated steam which would reduce the moisture content of the rice to around 19%wb. Then the
rice was spread on screen for 3 h at room temperature and the moisture content would reduce to
about 13-14%wb. After that the GRR sample was dehusked to obtain GBR. In addition, RD31 rough

© 2023 by the author(s). Distributed under a Creative Commons CC BY license.
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rice's initial soaking resulted in a moisture content increase of 12.39-13.42% (dry basis) to 24.95-35.63%
(dry basis), although the moisture content only increased with time [8].

Due to slight flavor, hence the texture properties of cooked rice including cooked GBR is
dominant to indicate the eating quality. Texture and aroma are two important attributes for the eating
quality of cooked rice. Wang et al. [9] reported a large variance of textural attributes and a total
number of 39 major volatile organic components were observed for Yueguang cooked rice varieties.
Pearson correlation showed that the hardness of cooked rice was positively correlated with the
content of E-2-hexenal, 2-hexanol-monomer, 1-propanol, and E-2-pentenal, while stickiness was
positively correlated with 5-methyl-2-furanmethanol and dimethyl trisulfide. Possible mechanisms
were discussed for these relations in this report. These results could help the rice industry to develop
rice products with both desirable texture and aroma property. There were change of cooked GBR
texture effected by different process reported in several publication. The softer texture of brown rice,
about 32% lower, could be achieved by germination and 46% by harvesting early [10]. The germ of
GRB during soaking in water produces substances from the physiological action and enzymes to
improve nutrition and the texture of brown rice [11,12]. Zhu et al. [13] investigated the effects of
hydrogen-rich water (HRW) on the germination efficiency and texture of GBR where the results
showed that HRW (1.5 mg L-1) treatment significantly increased the germination efficiency of GBR
by changing the migration of water during soaking and improved the texture of GBR due to the
changes in the ultrastructure of the bran layer and the decrease in insoluble dietary fibre.
Additionally treated germinated brown rice by microwave precooking and freeze-drying made the
brown rice softer (hardness is reduced by about 54.78% after treatment) and simpler to chew, the
chewiness of the precooked brown rice is lowered [14].

Cheevitsopon et al. [15] reported Asian Institute of Technology research group developed and
used Back extrusion (BE) test [16,17] for measuring hardness of cooked rice while the rice cooking
followed Reyes and Jindal [16]; Srisawas and Jindal [18]; Parnsakhorn and Noomhorm [19]. BE
sample holder is consisted of a stainless steel cylinder 80 mm in length with an internal diameter of
15 mm and a stainless steel spherical probe of 12.7 mm in diameter. There is a 1.15 mm gap between
the spherical probe with the wall of the cylinder. Cooked rice of 3 g was put into the cylinder without
exerted pressure. Then the spherical probe moved down and pressed the rice sample in the cylinder
at a speed of 1 mm s-1 until the spherical probe is 1 mm from the bottom of the cylinder and it stopped
moving and returned to initial position. BE followed Sirisoontaralak and Noomhorm [17] where
hardness, adhesiveness and stickiness were measured. The texture of cooked rice was measured
under various measurement conditions using extrusion test which better predict sensory texture
characteristic values and the Pearson correlation test between the maximum force and the gradient
value or the maximum force and the area value under each measurement condition, showed a high
correlation of 0.90 or more [20]. The maximum force indicated hardness, gradient value indicated
firmness and the area value indicated stickiness. Parnsakhorn & Langkapin [21] used the BE test for
measuring the hardness of Zongzi products cooked by white glutinous rice, black sticky rice and rice
berry rice as an ingredient divided into the first sample 100% white glutinous rice, the second sample:
white glutinous rice mixed with black sticky rice50% each, the third sample white glutinous rice
mixed with rice berry rice 50% each and the fourth sample black glutinous rice mixed with rice berry
rice50% each.

Germinated brown rice is more popular for consumption because of its high nutritional value.
The texture quality of germinated brown rice is important for consumers, therefore, the rice industry.
Rice aging is a complicated process, which involves changes in physical and chemical properties of
the rice grain. Starch, protein and lipids are the main rice grain components which affect cooking and
eating quality [22]. In addition, rice aging commences during pre-harvest and continues with the
postharvest storage. It dramatically involves the changes in physical and physicochemical properties
of the rice grain such as cooking, pasting, and thermal properties [23].

The objective of this work was to evaluate the effect of different soaking and aging duration in
the production of Khao Dawk Mali 105 (KDML 105) GBR on cooked GBR texture measured by BE
test and to determine the precision and sensitivity of BE test on texture properties of 32 brands of
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cooked GBR rice in Thailand produced by varieties of rough rice, therefore, the original protocol for
determination of precision and sensitivity of food texture measurement is proposed.

2. Materials and Methods

2.1. Samples

The GBR samples were prepared by a factory of P.J. Brand germinated rough rice in Chonburi
Province, Thailand and purchased from local markets in Thailand. The rough rice of Oryza sativa L.,
cultivar Khao Dawk Mali 105 (KDML 105) was collected from a field of P.J. Brand germinated rough
rice factory in Chonburi Province, Thailand. The GBR was produced by method of the company
reported by Kaewsorn and Sirisomboon (2014) while 32 commercial types and brands of germinated
brown rice of some different varieties and some same varieties indicated in Kaewsorn and
Sirisomboon [24] were purchased from local department stores in Bangkok, Thailand and stored in
the laboratory at room temperature.

2.2. Rice Cooking Method

Rice cooking method followed Sirisomboon et al. [25] where home electronic rice cookers (RC-
10 MM, Toshiba, Thailand) were used to cook 200 g of GBR sample using water to rice ratios as
recommended by rice producers i.e. 1.6:1 for GBR. The recommended water-to-rice ratio were used
to obtain a typical texture of cooked rice consumed by consumers. The cooked GBR was put into
plastic cup consisting of approximately 5 g. In total, 5 cups per sample were prepared.

2.3 Back Extrusion Test

The cooked GBR samples were then subjected to the back extrusion test using 3 g of cooked rice
putting into back extrusion test rig (BE) (Figure 1) which was compressed from top opening of the
rice container by stainless ball for 99 mm of the total height of 100 mm with the ball probe speed of
Imm/s. The mean of each sample was obtained from 5 replicate measurements. The hardness,
toughness, stickiness and adhesiveness of cooked GBR is determined by observe in the force-time
curve the maximum compression force (N) (point H), the area under curve AHB (Nmm), the negative
force (N) (point C) and area BCD (Nmm) respectively. The hardness of cooked GBR illustrate how
hard or oppositely how soft the rice is. This is measured when the ball probe passes through 3 g of
cooked rice and reaches 1 mm above the bottom of cylinder where the cooked rice grains is maximum
crushed while the texture meter still in safe mode. The toughness of cooked GBR is the texture
parameter indicating how tough the cooked rice to resist the stress applied on the rice by the ball
probe to deform the cooked GBR from the beginning of the compression till the probe reaches the
bottom of the cylinder as in case of the hardness measurement. The toughness is the value of the area
under curve from the beginning of the compression till the probe is withdrawn out of the cooked rice
which is the value of energy used for 3 g cooked rice deformation. The stickiness of cooked GBR
indicating how sticky of the cooked rice is measured by detect the maximum negative force occurred
when the ball probe is being withdrawn but the deformed sticky cooked rice is attached to the probe
where the rice exerts the pulling force (opposite to compressing force, therefore, the negative force)
to the probe. The adhesiveness of cooked GBR is measured by calculate the negative value of area
occurred during withdrawal of the probe where the deformed sticky cooked rice is attached to the
probe and the rice exerts the pulling force to the probe until the probe leave the rice. Ninety-two
samples were subjected to the back extrusion test, and the average of each sample was to be
determined using 5 replications.

do0i:10.20944/preprints202307.1295.v1
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Figure 1. Back extrusion (BE) test rig (a) and force — time curve from cooked germinated brown rice
BE test (b).

2.4. The Repeatability and Reproducibility of the Measurement of Texture Properties

The repeatability and reproducibility of the measurement of texture properties were determined
by measuring four duplicates (four pairs) that were randomly subjected during the experiment at
different times. The reproducibility is defined as the standard deviation of the differences observed
between the blind duplicate values. In addition, the repeatability of the reference test was determined
as the standard deviation of the differences between the values obtained from four duplicates (four
pairs) that were not blind samples. The repeatability indicates the precision of nature of measurement
methods by analyst and the reproducibility indicate the precision of nature of the analyst on the
measurement methods.

3. Results and Discussion
3.1 The Repeatability and Reproducibility of the Measurement of Texture Properties

Tables 1-4 show the results of precision of reference test of texture properties including hardness,
toughness, stickiness and adhesiveness, respectively, of cooked GBR. It was obvious for the
reproducibility was higher than repeatability due to the blind samples were in the reproducibility
test. The repeatability and reproducibility of hardness, toughness and stickiness tests were small
different compared to adhesiveness tests indicating the lower precision of the method and analyst of
adhesiveness test which might lead to the high fluctuation and scatter of the values. The high
precision of hardness, toughness and stickiness tests by BE might lead to the high correlation with
sensory properties found by Jindal and Limpisut [26] and Cheevitsopon et al. [15] and with aging
time in this study. The characteristics of brown rice that has germinated are influenced by the
incubation time. According to Cho et al. [27] reported the effect of germination on the
physicochemical and textural properties of brown rice (BR) was investigated in different rice varieties
(Samkwang, Misomi, Chindeul, and Hyeonpum). The results showed hardness and toughness were
decreased by germination, whereas stickiness and adhesiveness increased significantly. These results
revealed that germination leads to improvements in the cooking and eating properties of BR.
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Table 1. Repeatability and reproducibility of reference test for hardness of GBR sample (N).
Repeatability SD Reproducibility SD
Sample Sample
Dupli .a Dupli . Diff. a- Dupli .a Dupli . Diff. a-
Number uplicate.a Duplicate.b iff. a-b number uplicate.a Duplicate.b iff. a-b
517 21.16 21.90 -0.74 11,18 19.49 20.89 -1.40
28,33 19.83 18.54 1.29 28,34 18.81 18.54 0.27
38,57 12.75 12.11 0.64 44,58 25.02 23.46 1.56
35,69 20.57 2217 -1.60 47,70 21.30 19.68 1.62
Mean -0.11 Mean 0.51
SD 1.31 SD 1.42
Table 2. Repeatability and reproducibility of reference test for toughness of GBR sample (Nmm).
Repeatability SD Reproducibility SD
Sample . . . Sample . . .
Number Duplicate.a  Duplicateb  Diff. a-b number Duplicate.a  Duplicate.b Diff. a-b
517 211.90 218.19 -6.28 11,18 187.66 207.44 -19.78
28,33 189.84 181.21 8.63 28,34 181.45 181.21 0.25
38,57 131.20 109.69 21.51 44,58 246.03 233.45 12.58
35,69 208.77 217.08 -8.31 47,70 199.07 201.73 -2.66
Mean 3.89 Mean -2.40
SD 13.97 SD 13.34
Table 3. Repeatability and reproducibility of reference test for stickiness of GBR sample (N).
Repeatability SD Reproducibility SD
S 1 S 1
Nil:rllll;:r Duplicate.a Duplicate.b Diff. a-b nzggei Duplicate.a Duplicate.b Diff. a-b
517 -5.35 -6.55 1.20 11,18 -5.74 -4.65 -1.09
28,33 -5.76 -5.91 0.15 28,34 -6.64 -5.91 -0.73
38,57 -4.70 -4.11 -0.58 44,58 -6.56 -5.79 -0.77
35,69 -4.50 -3.97 -0.54 47,70 -4.61 -4.44 -0.17
Mean 0.06 Mean -0.69
SD 0.83 SD 0.38
Table 4. Repeatability and reproducibility of reference test for adhesiveness of GBR sample (Nmm).
Repeatability SD Reproducibility SD
Sample . . . Sample . . .
Number Duplicate.a  Duplicate.b  Diff. a-b number Duplicate.a  Duplicate.b Diff. a-b
5,17 -75.53 -69.92 -5.61 11,18 -60.35 -74.47 14.11
28,33 -63.87 -65.19 1.32 28,34 -65.40 -65.19 -0.22
38,57 -51.85 -50.69 -1.16 44,58 -72.51 -71.20 -1.30
35,69 -61.33 -59.73 -1.60 47,70 -77.68 -60.51 -17.17
Mean -1.76 Mean -1.15
SD 2.87 SD 12.79

3.2 Effect of Different Soaking and Aging Duration in the Production of Khao Dawk Mali 105 (KDML 105)
GBR on Cooked GBR Texture

Soaking time of 24 hr had no correlation between aging times and texture properties tested by

BE test including hardness, toughness, stickiness and adhesiveness which coefficient of
determination (R2) value were 0.0357, 0.0087, 0.0064 and 0.1452, respectively. This indicated the
soaking time is too less to make linear variation in texture even the aging time had wide range from
0 to 36 hr. However, the texture of cooked GBR was softer which corresponding to the study of Chao
et al. [28] show that the hardness of grain soaked for 12 hr and germinated for 30 hr was on average
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24 N (39%) lower than brown rice. Paddy soaked in water at ambient temperature (20-30°C) will take
36 to 48 hours to reach 30% moisture content. Soaking time less than specified may not affect texture
properties.

Relationship indicated by R2 between aging times with hardness, toughness, stickiness and
adhesiveness when soaking time was 48 hr were 0.8182, 0.8054, 0.6396 and 0.0312, respectively
(Figure 2). The characteristics would be defined by the ratio of starch constituents, amylose and
amylopectin. Jiamjariyatam et al. [29] reported that the higher amylose content and aging time
resulted in higher hardness in the puffed products made by rice starch. This might applicable to
cooked rice of KDML 105 in this experiment.

Hardness and toughness decreased with aging times, but stickiness increased with aging times.
Jindal and Limpisut [26] reported corresponded to our finding the reliable empirical models
developed for estimating sensory hardness and stickiness with R2=0.96, and overall acceptability
with R2>0.71 from BE force (hardness by BE) and water-to-rice ratio as independent variables. From
Cheevitsopon et al. [15], correlation coefficient (R) of hardness-softness of cooked rice by sensory test
and hardness by BE was -0.856 which confirmed our findings. There had no relationship between
adhesiveness and aging time.

Munarko et al. [30] reported the 5 varieties of Indonesia GBR in experienced the decline of peak
viscosity, trough viscosity, breakdown, setback, and final viscosity where the decrease of peak
viscosity was attributed to the presence of endogenous hydrolytic enzymes activity such as amylase
enzyme, which hydrolyzed starch to smaller molecules [31]. The a-amylase, as well as $-amylase
enzymes, increased as germination progressing, thus, leading to a decrease in peak viscosity [30,32]
[33]. GBR peak of viscosity might related to the stickiness of cooked GBR which increased (more
viscous) with the germination progressing i.e., aging time increased (increased of peak viscosity).
According to Li et al. [34] reported that germination led to decrease in amylose content, while
molecular weights of the germinated starches showed no significant changes, however, relative
crystallinity of grain starches decreased significantly during germination and brown rice starches
exhibited marginal increases in peak viscosities during germination. But Cho et al. [35] reported that
the viscosity of germinated brown rice decreased and germination percentage was linearly associated
with reduced pasting characteristics (final, peak and setback viscosities), and varieties with faster
germination speed tended to have lower viscosities. These results suggested that the germination of
certain varieties greatly reduced the final viscosity of flour and hardness of cooked brown rice.
According to Chao et al [36] reported early harvest and germination decreased pasting viscosities
and cooked grain hardness. The reduction of setback value indicates that GBR is more stable against
retrogradation [30]. These indicated the reasons why the hardness of cooked GBR decreased (softer)
might be due to longer aging duration caused the retrogradation of cooked GBR decreased
respectively.
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Figure 2. Effect of aging time on the texture of cooked germinated brown rice including hardness (a),
toughness (b) stickiness (c) and adhesiveness (d)

3.3 The Sensitivity of BE Test on Texture Properties of Cooked GBR Rice

Figure 3 shows the texture properties including hardness, toughness, stickiness and
adhesiveness of cooked GBR of 32 different commercial brands in Thailand using some different
varieties and some same varieties where the range of the values, mean, standard deviation and
coefficient of variation is shown in Table 5. The coefficient of variation shows the degree of variation
of the properties which can show the variation relativity of different sets of data even mean is
drastically different. The BE measurement methods of hardness, toughness, stickiness and
adhesiveness of cooked GBR gave different degree of variation though the same sample set indicating
different sensitivity of the method on the properties. High coefficient of variation where the relative
wide variation of the absolute value of the property can be detected indicate high sensitivity which
even small resolution can be detected or vice versa. The sensitivity of BE test of stickiness, toughness
and hardness were higher in order when compared to the sensitivity of the method for adhesiveness
which was the lowest. This implies the BE is sensitive for measurement of stickiness, toughness and
hardness, respectively.
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Figure 3. The texture properties including hardness (a), toughness (b) stickiness (c) and adhesiveness
(d) of cooked germinated brown rice of different commercial brands in Thailand using some different
varieties and some same varieties.

Table 5. The statistics of the texture parameters of commercial germinated brown rice in Thailand.

Hardness Toughness Stickiness Adhesiveness
(N) (Nmm) (N) (Nmm)
max 32.68 358.35 -1.86 -29.91
min 10.83 100.90 -9.48 -97.85
mean 20.39 198.95 -5.15 -66.45
SD 3.96 40.97 1.61 12.44
CV (%) 19.41 20.59 31.26 18.72

Table 6 shows the correlation between texture parameters of commercial GBR in Thailand which
indicate the highest correlation coefficient between hardness and toughness and the parameters fairly
correlated with adhesiveness while stickiness was not correlated well with other parameters. The
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result confirms the coefficient of variation (sensitivity) and the correlation between the properties
have no relation.

Table 6. The correlation between texture parameters of commercial germinated brown rice in

Thailand.
Hardness Toughness Stickiness Adhesiveness
hardness 1
toughness 0.966 1
stickiness 0.206 0.191 1
adhesiveness -0.693 -0.732 0.277 1

4. Conclusions

Evaluation of back extrusion (BE) test precision and sensitivity for cooked germinated brown
rice texture in production process was investigated in this study. The first findings for the objective
to evaluate the effect of different soaking and aging duration in the production of Khao Dawk Mali
105 (KDML 105) GBR on cooked GBR texture measured by BE test was the 24 h soaking time was too
less to make linear variation in texture even the aging time had wide range from 0 to 36 hr but the
soaking time of 48 hr showed the hardness and toughness decreased with aging times but stickiness
increased with aging times. There had no relationship between adhesiveness and aging time. For the
objective to determine the precision and sensitivity of BE test on texture properties of cooked GBR
rice show high precision of measurement of hardness, toughness and stickiness tests by BE which is
proofed by the repeatability and reproductivity test, and high sensitivity of BE test of stickiness,
toughness and hardness, respectively, proofed by coefficient of variation of the texture properties
measured by BE test. These might be the rational why these texture properties by BE correlated well
with the aging time during soaking for producing of GBR and with the texture properties by sensory
test indicated by other researchers previously. But the correlation coefficient among the texture
properties by BE were not related to the precision or sensitivity of the test. By this study the original
protocol for determination of precision and sensitivity of food texture measurement was proposed
and the results of the study verified the usabilty of the protocol.
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