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1  |  INTRODUC TION

Nowadays, from the perspective of food safety and security, and nu-
trition sciences, rice (Oryza sativa L.) is recognized as one of the most 
sustainable and important foods for the majority of the population 
and provides a considerable amount of energy required in the diet 
(Bresciani et al., 2021; Verma & Srivastav, 2020). Its annual consump-
tion in most African and Asian nations such as Iran, India, Pakistan, 
and China has exceeded 36 kg (Shariatifar et al., 2020). Hence, due 
to the high consumption of this carbohydrate, it is considered a valu-
able source of vitamins and minerals for humans. Consequently, its 

inclusion in the diet can compensate for the nutritional deficiencies 
in consumers (Liu et al., 2019; Shariatifar, Rezaei, Sani, et al., 2020). 
Since different types of Iranian, Pakistani, and Indian rice are sup-
plied and consumed all over the world, the type of variety, method of 
cultivation, changes in climatic conditions, water, and soil quality can 
affect the nutritional value of rice produced in terms of macro- and 
micronutrients (Shariatifar, Rezaei, Sani, et al., 2020).

In addition to the proposed environmental factors, processing 
conditions during the harvesting process (e.g., husking, polishing, 
and milling process), the type of cooking method, and the initial pre-
cooking processes also affect the quality and nutritional value of rice 
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consumed (K.-l. Liu et al., 2017; Liu et al., 2019; Zhu et al., 2019). Many 
studies have described that process effects such as washing and soak-
ing rice as typical precooking processes or cooking with high water 
as well as cooking temperature play a considerable role in the micro- 
and macronutrient content of rice cooked (Shariatifar, Rezaei, Sani, 
et al., 2020; de Souza Batista et al., 2019; Zhu et al., 2019). Therefore, 
although washing and soaking rice before cooking will improve the 
quality of the final cooked rice, it can also eliminate and reduce dust 
on the rice grain surface, nutrients, starch, and water-soluble vitamins 
(Liu et al., 2019). Previous research reported that a substantial amount 
of vitamins and mineral contents was wasted after washing, soaking, 
and cooking rice (Cheigh et al., 1977; Mihucz et al., 2010). It has also 
been shown that the rate of nutrient loss in rice soaked in warm water 
increases significantly (Jafar et al., 2008). Moreover, it has been indi-
cated that soaking, washing, and cooking lead to a notable decrease 
in thiamine (B1) and riboflavin (B2) contents in cooked rice, and more 
washing and soaking time will cause further loss of these vitamins.

As regards rice, it is generally cooked in two ways: (i) traditional 
method (cooking rice with a constant amount of water without re-
moving the water) and (ii) boiling method (cooking rice with extra 
water and then eliminating the water) (Shariatifar, Rezaei, Sani, 
et al., 2020); it is expected that the rate of loss of minerals and vi-
tamins in the method of soaking with extra water will increase, as 
reported in previous studies (Liu et  al.,  2019; Shariatifar, Rezaei, 
Sani, et al., 2020). Therefore, considering that rice is a very import-
ant source of vitamins, especially thiamine (B1), riboflavin (B2), and 
pyridoxine (B6) as well as other minerals, and these vitamins play 
a vital role in physiological processes, macronutrient syntheses, 
metabolism, and prevent other disorders such as anemia, cancer, 
and coronary disease in humans (Descombes et al., 1993; Galán & 
Drago, 2014; Mahan & Raymond, 2016), as a result, measuring the 
remaining amount of these vitamins in cooked rice before consump-
tion seems to be essential for a balanced diet.

Accordingly, the purpose of the study was first to measure the 
content of residual vitamins (vitamin B1 (thiamine), B2 (riboflavin), 
and B6 (pyridoxine)) in rice samples after cooking by both con-
ventional and soaking methods by using high-performance liquid 
chromatography with a UV detector and to investigate the effect 
of different enzymes (protease and amylase) on the release of vi-
tamins from rice samples in the sample preparation phase. Second, 
multivariate test (one of the most prominent statistical techniques) 
is used to describe the interrelationships between variables and vi-
sualize data patterns, and heatmap is used to display similar or very 
different values to display the similar or vastly different expression 
status characteristic values.

2  |  MATERIAL S AND METHODS

2.1  |  Chemicals

All reagents and standards were obtained from Merck (Darmstadt, 
Germany).

2.2  |  Sample collection

In this study, 22 samples from different Iranian, Pakistani, and Indian 
brands were purchased from markets in Iran.

2.3  |  Cooking rice methods

Rice samples were cooked by traditional and boiling cooking meth-
ods (Shariatifar, Rezaei, Sani, et al., 2020). For boiling cooking con-
ditions, 200 g of each type of rice was added to boiled deionized 
water (1000 ml) in a Pyrex container. The samples were then boiled 
on a flame for 15  min. Afterward, the extra water was removed 
by a colander, and semi-cooked rice samples were transferred to 
another container for the final cooking stage at 105°C for 1 h. In 
the traditional cooking method, 200 g rice was cooked with boiled 
water (400  ml) on a flame at 105°C for 1  h without extra water 
removal. The samples were immediately cooled, frozen at −18°C, 
until analysis.

2.4  |  Preparation of standard solutions

The number of B vitamins in the samples was quantified by com-
parison with the standard. Stock solutions of thiamin and riboflavin 
were made ready by dissolving 5 mg of the respective compound in 
50 ml of deionized water (1 mg/ml), and a stock solution of pyridox-
ine was made ready by dissolving 5 mg of the respective compound 
in 100 ml (0.5 mg/ml).

2.5  |  Vitamin measurement

Portions of the rinsed and traditional rice samples were analyzed 
according to the chopped sample (5 g) method and were added to 
30 ml of H2SO4 (0/1 M) and the contents were incubated (121°C) 
for 30 min. Then, they were adjusted to pH 7 with sodium hydroxide 
(0.1 N). Five milliliters of amylase enzyme (10%) and 5 ml of protease 
(10%) were added to each sample and incubated overnight at 35°C. 
The sample was diluted to 100 ml using deionized water and vor-
texed; then, 20 μl of the solution obtained through a micropore filter 
(0.45 μm) was analyzed using HPLC.

Standards and samples were analyzed using a one-phase reverse 
(RP-) HPLC column chromatography that included an autosampler 
and an 80-Hz diode array detector (Agilent Technologies, Inc., Santa 
Rosa, CA). This system was equipped with a 5-μm Agilent ZORBAX 
Eclipse Plus C-18 stationary phase in 4.6  mm  ×  250  mm formats. 
The mobile phase of gradient delivery and mobile phase channel 
A consisted of 5 mmol/L sodium hexane sulfonic acid, 20 mmol/L 
phosphoric acids, and 16  mmol/L triethylamine (pH 3.0); and mo-
bile phase channel B was mobile phase A: acetic acid, 75:25 (v/v) 
(pH = 3.54) with a flow rate of 1 ml/min; UV absorption was recorded 
at 254 nm at 25°C since the vitamin is visible at this wavelength. The 
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standard vitamins B1, B2, and B6 appear at 13.7, 3.52, and 8.03 min 
retention times, respectively (Figure 1).

2.6  |  The validation of method

The method of validation includes characteristics such as specificity, 
accuracy, detection limit (LOD), quantitative limit (LOQ), and linear-
ity was determined. For specificity, the analytical solution was made 
ready by mixing 50 μl of each stock solution in 5 ml of the mobile 
phase. Two concentrations of analytical solution were made ready 
by mixing 50 and 5 μl of each stock solution in 10 ml of mobile phase 
A, respectively (1 and 0.5 μg/ml of each vitamin B compound), for 
the intra- (five times in a day) and interday (3 days), and the precision 
was assessed by calculating the relative standard deviation (RSD). 
The LOD was considered using the formula LOD = (3.3 × σ)/S. The 
intercept of the standard calibration curve was used to calculate 
the limit of detection (LOD) around the detection limit. Calibration 
curves were determined by external standardization (0.5, 1, 2.5, 5, 
7.5, and 10 μg/ml) of each vitamin B compound.

2.7  |  Recovery assay

Recovery study was carried out based on external addition proce-
dures. Recovery samples were made ready by adding three differ-
ent levels of each analyte to the matrix. For thiamine and riboflavin, 
three concentrations of 2, 4, and 8 µg/ml were studied for the re-
covery assay. In the case of pyridoxine, the selected concentrations 
were 1, 2, and 4 µg/ml. Recoveries were determined based on the 
standard method of collection at three different levels. The standard 
solution for experiments of recovery was prepared by diluting 1 ml 
of B1, B2, and B6 stock solutions to 10 ml of deionized water. The 
standard solutions for rice sample recovery tests were prepared by 
mixing 0.5, 1.0, or 1.5 ml of each solution in 25 ml of deionized water 
and centrifuged at 1008 g for 5 min. The supernatant was filtered 
through a micropore filter (0.45 μm) and 20 μl was injected to HPLC. 
The recoveries were calculated from Equation 1, where A is the peak 
area of sample spiked with standard, B is the peak area of sample 
alone (not spiked), and C is the peak area of standard alone (same 
content used to spike the sample).

2.8  |  Estimated daily intake (EDI)

The dietary exposures to B1, B2, and B6 vitamins were calculated 
using the Monte Carlo approach. The EDI (mg/kg day) is applied 
to quantify the oral exposure dosage for vitamins and estimated 
by the following Equation (Jahanbakhsh et  al.,  2019; Rezaei 
et al., 2019):

where EDI is the estimated daily intake (mg/kg day), C is vitamin con-
centration (mg/kg), IR is ingestion rate (110 g/day), ED is exposure 
duration (70 years), EF is exposure frequency (365 days/year), BW is 
reference body mass (the mean weight of children and adults is be-
tween 15 and 70 kg, respectively), and AT is the mean time (for both 
children and adults, it is 25,550  days, respectively) (Jahanbakhsh 
et al., 2019; Madani-Tonekaboni et al., 2019; Moradi-Khatoonabadi 
et al., 2015; Nikooyeh et al., 2016; Saha & Zaman, 2013).

2.9  |  Data analysis

Statistical analysis was conducted using analysis of variance 
(ANOVA) and the chi-square test with SPSS software Ver. 17.0 (SPSS 
Inc.). The considered significant level was p <  .05. The association 
among the type and amount of three vitamins and cooking methods 
was determined by the multivariate method (Arabameri et al., 2019; 
Heydarieh et al., 2020). The principal component analysis (PCA) was 
performed by the SPSS software (Version 18.0). Heatmap analysis 
was utilized to investigate the correlation among samples (https://
biit.cs.ut.ee/clust​vis/).

3  |  RESULTS AND DISCUSSION

3.1  |  Residual vitamin content after cooking

As mentioned earlier, B vitamins play a vital role in the metabolism 
and function of organs. As a result, evaluating the amount of vitamins 
in consumed foods can have a significant effect on estimating the in-
take of vitamin balance. Likewise, in this study, we had quantified the 
remaining B vitamin (B1, B2, and B6) content by the HPLC method in 
cooked rice samples. The results showed that the remaining content 
of vitamins B1, B2, and B6 in the traditional samples ranged between 
4.09 and 29.55, 4.87 and 16.19, and 1.52 and 12.18 μg/g, respec-
tively (Table 1). However, in the boiling samples, these vitamins had 
a concentration between 2.98 and 15.89, 1.15 and 22.19, and 0.96 
and 4.44  μg/g, respectively. Detection limit (LOD) and quantifica-
tion limit (LOQ) values were also determined in this study (Table 2). 
The LOD values for B1, B2, and B6 vitamins were 0.159, 0.090, and 
0.041 μg/ml, respectively. Besides, LOQ values were calculated for 
B1 (0.482 μg/ml), B2 (0.272 μg/ml), and B6 (0.126 μg/ml) vitamins. 
Considering the sample preparation and dilution procedures, LOQ 
and LOD of the method presented as μg/g in rice matrix. For B1, B2, 
and B6, LOQ values were calculated as 9.78, 5.44, and 2.52 μg/g, re-
spectively. LOD values were 3.18, 1.80, and 0.82 μg/g, respectively.

Nevertheless, the use of a traditional cooking method (called 
“kateh”) is suggested for cooking rice because most of the minerals 
and vitamins are preserved in this method; the importance of the 
traditional method has already been reported by several studies (Liu 
et al., 2019; Mihucz et al., 2010; Shariatifar, Rezaei, Sani, et al., 2020). 
Typically, soaking and washing are used as conventional precooking 
processes of rice grains. A considerable decrease in the amount of 

(1)Recovery = 100% (A − B)∕C

(2)EDI =
C × ED × EF × IR

BW × AT

https://biit.cs.ut.ee/clustvis/
https://biit.cs.ut.ee/clustvis/
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F I G U R E  1  Typical chromatograms of water-soluble vitamins, standard solution, and rice samples cooked with boiling and traditional 
cooking methods
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vitamins and essential elements is usually ascribed to the elimination 
of the rice husk and bran during the soaking and washing processes, 
although rinsing of rice can improve cooking quality (Liu et al., 2019).

Shariatifar, Rezaei, Sani, et al. (2020) studied the effect of various 
cooking methods of rice on the residual mineral content in rice sam-
ples and found that the amount of minerals in rice cooked by the rins-
ing method was less and the rinsing method removes large amounts 
of minerals. Liu et al.  (2019) proved that rice cooking by using the 
washing method significantly reduced vitamin and mineral contents. 
Mihucz et  al.  (2010) also indicated that trace elements, including 
Cu, Mn, and Zn, are eliminated significantly by the removal of extra 
water used for soaking and cooking rice samples. Likewise, Jafar 
et al. (2008) showed that soaking and washing rice samples in warm 
water before cooking reduce the amount of minerals and nutrients 

in all studied rice samples. Accordingly, in most of the tested rice, the 
samples cooked by the traditional method had almost higher vita-
min content than the boiling method. Because food processing (like 
cooking) has the potential to change the thermal stability of vitamins 
or other nutraceuticals in food products, some of the vitamins may 
be wasted during rinsing due to their water solubility.

Nevertheless, the thermal stability of vitamins can be effective 
in reducing their loss. As reported previously, thiamine was the most 
heat-sensitive vitamin, while vitamins B2 and B6 were more ther-
mally stable (Bui et al., 2013; Fuliaş et al., 2014; Liberato & Pinheiro-
Sant'Ana, 2006). However, riboflavin possessed the highest thermal 
stability (Kim et al., 2013; Kwok et al., 1998). Among the vitamins 
studied, the lowest concentration was related to vitamin B6, while 
vitamins B1 and B2 had nearly the same concentration range. 

Vitamins LOD (µg/ml) LOQ (µg/ml) R2 Concentration (µg/ml) RSD

B1 0.159 0.482 0.999 0.25 1.303

0.5 1.430

1 1.423

2.5 2.915

5 3.227

7.6 1.249

B2 0.090 0.272 0.999 0.25 8.894

0.5 6.221

1 9.900

2.5 2.369

5 3.619

7.6 5.242

B6 0.041 0.126 0.999 0.25 0.353

0.5 1.371

1 1.886

2.5 3.505

5 4.111

7.6 7.401

Abbreviations: LOD, Limit of detection; LOQ, Limit of quantification; R2, R Square.

TA B L E  2  Method validation 
parameters

F I G U R E  2  Principal component analysis plot of thiamin, riboflavin, and B6 in rice samples by different cooking methods
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Consequently, this finding indicates that rice can be considered a 
very good source of B-group vitamins. In this regard, many studies 
have investigated the thermal stability of B-group vitamins. Fuliaş 
et al. (2014) studied the thermal stability of B1, B2, and B6 vitamins 
under dynamic air atmosphere and nonisothermal conditions, and 
found riboflavin to be the most stable vitamin. They reported that 
the high thermal stability of vitamin B2 can be attributed to the 
presence of the N-heterocyclic aromatic benzo[g]pteridine moiety 
and carbohydrate moiety in the molecular structure, which is known 
to be a stabilizing structure. Moreover, the degree of aromaticity of 
vitamin B2 is significantly higher than that of B1 and B6. Similar to 
the single-bonded type, double-bonded nitrogen and/or oxygen can 
also be part of a conjugated structure owing to the lone pair orbital, 
which can become part of an expanded conjugated aromatic system.

Liu et al. (2019) indicated that rice cooking significantly reduced 
B1 and B2 contents, which are consistent with the findings of our 
study. In another study, Kim et al. (2013) measured the water-soluble 
vitamins content at the various thermal processing phases in gar-
lic samples. They reported that the amount of water-soluble vita-
mins decreased at various temperature stages (Kim et  al.,  2013). 

Papastoyiannidis et  al.  (2006) investigated the vitamins’ thermal 
stability in fermented milk fortified with B-group vitamins (B1, B2, 
B6, and folic acid). The vitamin concentration of fortified milk was 
reduced after heating at 77–78°C for 50 min.

3.2  |  Structural relationship of parameters

For a better understanding of potential quality deterioration among the 
prepared samples (by different cooking methods), the principal compo-
nent analysis (PCA) multivariate analysis was performed using the SPSS 
software. Multivariate method was conducted to evaluate the correla-
tion between the type and content of vitamins and cooking methods.

Clust-Vis was applied to visualize clustering of similarity and vari-
ability data (Figures 2 and 3). The three vitamin and cooking method 
heatmap clustered 46 rice samples into two major clusters and two 
subclusters (Figure 3). The first cluster presents only riboflavin, and 
the second cluster includes two subgroups with B2 and B6, and cook-
ing methods. This showed that the B1 and B6 vitamins in rice samples 
were more sensitive than vitamin B2 in the cooking method used. In 

F I G U R E  3  Heatmap of three vitamins and types of cooking methods in rice samples
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F I G U R E  4  Simulation results for 
dietary exposures (mg/kg day) of thiamin, 
riboflavin, and pyridoxine in rice samples

TA B L E  3  The mean, minimum, and maximum dietary exposures (mg/kg d) of three vitamins from different rice varieties cooked

Vitamins Percentiles Ears (mg/day)

Adults (mg/kg day) Children (mg/kg day)

5% 50% 75% 95% 5% 50% 75% 95%

B1 Mean 1 9.17E-6 1.34E-5 1.58E-5 2.05E-5 3.22E-5 4.68E-5 5.53E-5 6.86E-5

Minimum 3.06E-6 4.53E-6 5.39E-6 6.84E-6 1.05E-5 1.59E-5 1.88E-5 2.36E-5

Maximum 3.14E-5 4.59E-5 5.38E-5 6.90E-5 1.09E-4 1.63E-4 1.91E-4 2.43E-4

B2 Mean 1.1 8.89E-6 1.34E-5 1.56E-5 1.94E-5 3.13E-5 4.72E-5 5.67E-5 7.01E-5

Minimum 1.17E-6 1.83E-6 2.13E-6 2.65E-6 4.19E-6 6.31E-6 7.44E-6 9.34E-6

Maximum 2.31E-5 3.42E-5 4.05E-5 5.12E-5 8.20E-5 1.21E-4 1.43E-4 1.85E-4

B6 Mean 1.1 2.94E-6 4.44E-6 5.24E-6 6.59E-6 1.05E-5 1.55E-5 1.83E-5 2.32E-5

Minimum 1.01E-6 1.50E-6 1.77E-6 2.18E-6 3.56E-6 5.26E-6 6.22E-6 7.54E-6

Maximum 1.30E-5 1.89E-5 2.22E-5 2.76E-5 4.45E-5 6.62E-5 7.89E-5 1.01E-4
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this regard, many studies used multivariate statistical methods to an-
alyze data of nutritional quality and thermal stability of food prod-
ucts (Guo et al., 2020; Heydarieh et al., 2020; Shariatifar et al., 2020). 
Multivariate statistical methods revealed a detailed relationship 
among reduced B-group vitamins and rice cooking in different groups.

Quantitative results obtained for the two cooking methods 
were used in PCA to investigate the potential quality deterioration 
among the prepared samples (by different cooking methods). The 
compounds included sample type, source location, different cooking 
methods, B1, B2, and B6 vitamins.

The correlation among various cooking methods can be observed 
from Figure 2; the plot subset shows a positive correlation between 
various cooking methods. Nearest-neighbor analysis of the characteris-
tics revealed a considerable association between dependent variables.

As revealed in Figure 2, the first three principal components ac-
counted for 66.38% of the data variance in all samples, and their 
contribution rates were 25.84%, 22.67%, and 17.86%, respectively. 
B1 and B6 vitamins were the closest accessions. The B1, B2, and B6 
vitamins, sample types, and source location had a high positive cor-
relation with PC1, while they had a negative correlation with cooking 
methods. The results showed that the sample type and source loca-
tion had a positive correlation with PC2, while they had a negative 
correlation with vitamin B6.

In the cooking samples, the first, second, and third components 
accounted for34.788%, 28.50%, and 20.3% of the total variability, 
respectively. The first two principal components explained 63.2% of 
the data variance.

Thiamin and source location showed a high positive correla-
tion with PC1, whereas a negative correlation was seen with B6 
vitamin. The results showed that the sample type, source location, 
different cooking methods, B1, B2, and B6 vitamins indicated a pos-
itive correlation with PC2, although a negative correlation was ob-
served with B1 vitamin. The first and second principal components 
described 29.19% and 26.28% of the total variability in the boiling 
samples. The PCA patterns visualized relationships between cooking 
methods and B1, B2, and B6 vitamin levels, which indicates that they 
are important factors for studying the effects of household cooking 
processes on B-group vitamins in rice samples.

3.3  |  Dietary exposure estimates

The mean, minimum, and maximum dietary exposures to three vita-
mins from different rice varieties cooked are presented in Table 3. 
Simulation results for dietary exposures (mg/kg  day) of thiamin, 
riboflavin, and pyridoxine in rice samples are also demonstrated in 
Figure 4. The mean exposure levels of B1, B2, and B6 vitamin for 
adults were 2.05E-05, 1.94E-05, and 6.59E-06 (mg/kg  ·BW  ·day), 
respectively; and for children, these were 6.86E-05, 7.01E-05, 
and 2.32E-05, respectively, at the extreme percentile (P95), which 
are far below ADIs (1, 1.1, and 1.1 mg/kg  ·BW  ·day, respectively). 
Monitoring the levels of essential trace elements in food products 
is important; the knowledge of estimated daily intake of B1, B2, and 

B6 vitamins via rice is equally crucial and has been a topic of many 
experimental studies. In this regard, Sumczynski et al. (2018) studied 
the vitamin B compound contents and their dietary intake of rice 
flakes in commercial wild rice samples. The findings of their study 
revealed that wild rice flakes are a significant source to the RDA of 
niacin (28%) and thiamine (31%) (Sumczynski et al., 2018).

4  |  CONCLUSION

To summarize, as proved in this study, processes such as precooking 
and cooking methods can have a remarkable effect on the amount 
of minerals, vitamins, and other nutrients in rice. In this study, the re-
maining content of vitamins (B1, B2, and B6) in rice samples cooked 
by rinsing and the conventional method was detected by the HPLC 
method. The amount of B1, B2, and B6 vitamins ranged from 4.09 to 
29.55, 4.87 to 16.19, and 1.52 to 12.18 μg/g for the traditional sam-
ples, respectively. In the boiling (soaking) cooking method, these vi-
tamins had a concentration between 2.89 and 15.89, 1.15 and 22.19, 
and 0.96 and 4.44 μg/g, respectively. However, LOD values for B1, 
B2, and B6 vitamins were obtained at 0.159, 0.090, and 0.041 μg/ml, 
respectively. From these results, it can be inferred that the conven-
tional cooking method can preserve more vitamins and minerals in 
rice samples because a lot of these nutrients are wasted in the rins-
ing method when washing and soaking.

The correlation investigation focuses on the numerical asso-
ciation between studied vitamins under all conditions. Comparing 
relationships among thiamin, riboflavin, and vitamin B6 from differ-
ent rice varieties cooked showed that these vitamin contents can 
change. Additionally, the results of heat map visualization showed 
that the association among the three vitamins was clearly separated 
according to the cooking process. Higher dietary intakes of soluble 
vitamins were associated with thiamin (2.05E-05, mg/kg BW day).
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