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ABSTRACT

Iron (Fe) and zinc (Zn) are the most serious malnutrition among the world population,
particularly in Asia and Africa where rice is consumed as staple food. This is because rice is
especially low in these nutrients compared with wheat and corn. Parboiling process is well-
known as a method to improve rice quality by lowering grain breakage during milling. It has also
been suggested as a way to improve nutritional value of milled rice grain due to the inward
movement of vitamins and minerals into the inner tissues of rice grain. However, it is still
unclear how parboiling process effects Fe and Zn concentration in milled rice. This study shows
how the parboiling process affects Fe and Zn concentration in rice grain and how the nutrient
concentrations are influenced by the condition of parboiling process. Thus, this thesis examined
the movement Fe and Zn concentration in rice grain when subjected to different conditions in part
of the parboiling process, and in different rice varieties, in three experiments.

The first experiment aimed to evaluate the effect of parboiling conditions (time,
temperature and pH of soaking before steaming) on distribution and movement of Fe and Zn in
the tissues of rice grain. Paddy rice grains were soaked in deionized water adjusted to different
pH (acid and neutral), temperature (room temperature, 45, 55 and 65 °C and time (2, 4, 6, 8 and

10 h) before steaming and sun drying. Parboiling conditions significantly affected on Fe and Zn



concentration in brown rice, milled rice and bran fraction differently, but not in the husk, thus
showing how the Fe and Zn in rice were remobilized during parboiling. In milled rice, Fe
concentration in parboiled rice was higher than raw rice. The highest Fe concentration was found
when soaking for 2 (7.2 mg kg_l) and 10 h (7.3 mg kg-l). In contrast, Zn concentration in milled
rice was decreased when increased pH soaking temperature and soaking time (14.9 mg kg-l),
compared with raw rice (19.6 mg kg-l). Parboiling conditions also affected head rice yield. Head
rice yield of parboiled rice decreased when soaked at 45°C for 2 h and at room temperature for 2,
4 and 6 h, but it was increased when increased soaking time and temperature compared with
control raw rice (56.3%).

The second experiment evaluated the movement of Fe and Zn after parboiling process
of rice grain among different grain tissues and varieties. The unhusked paddy rice of 5 varieties
cv. RD7, PSL1, SPR1, CNT1 and CNT80 (the popular rice varieties for parboiling in Thailand’s
export market) were parboiled by soaking in deionized water adjusted to pH 7 at 55 °C for 8
hours before steaming and sun drying (condition chosen from the first experiment). The
concentration of Fe and Zn was found to vary among different grain fractions and varieties,
especially in white rice which is a common form of rice consumed among rice consumers. The
concentration of Fe in white rice in the different rice varieties responded into 2 types. First in
CNT1, this had higher Fe concentration in parboiled rice than raw rice. Second, no difference
between parboiled and raw rice was found in RD7, SPR1 PSL1 and CNT80. The difference
between experiments 1 and 2 in the change of Fe after parboiling in CNT80 may be associated
with the husk Fe, which was 55-64 mg kg_1 in experiment 1 and only 39 mg kg—1 in experiment 2.

In contrast, Zn concentration of parboiled rice in all varieties (13.2-24.3 mg kgil) was
lower than in raw white rice (26.2-30.4 mg kg_l), except for cv. PSL1, in which there was no
difference between parboiled and raw rice. Head rice yield of parboiled rice was increased by 20-
70%, while degree of milling was slightly lower (by 2-5%) than that in raw rice. The variation of
Fe movement into the inner layer of rice grain after parboiling process offers a mean to improve
Fe concentration in white rice and also human nutrition. However, parboiling tended to depress
Zn concentration of white rice.

The third experiment to detect the localization of Fe and Zn in brown parboiled and

raw rice in cv. RD7, CNTI, CNT80, PSL1 and SPRI1. Perls’ Prussian blue and
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Diphenylthiocarbazone (DTZ) staining technique, were used to locate Fe and Zn in rice grain
tissue, respectively. Differential localization of Fe and Zn in each parts of the grain (embryo,
aleurone layers and endosperm) could be indicated by intensity of blue (Fe by Perls’ Prussian
blue) and red colour (by DTZ) reaction of tissues. Iron localization, the blue colour reaction was
most intense in the embryo, while it invisible in the aleurone layers and endosperm. Parboiled
and raw rice of five rice variety were similar in colour reaction. However, for Zn localization, red
colour reaction was most intense in the embryo, weak in the aleurone layer and weakest in the
endosperm. In all parts of rice grain tissue, parboiled rice was less intense of red colour than raw
rice. Variation in the reaction to Perls’ Prussian blue and DTZ staining were also observed
genotypes differing in grain Fe and Zn content. The intensity of the blue and red colour reaction
in the rice grain tissue was different among genotypes which closely correlated to their Fe and Zn
concentrations in brown rice. Therefore Perls’ Prussian blue and DTZ staining can be used as a
method which sample and rapid indication of Fe and Zn content in individual rice grain.

These results have shown that parboiling consistently depressed Zn concentration in
milled rice, whereas Fe concentration in milled rice may be slightly increased by parboiling in
some rice varieties, which may depend on Fe in the husk and some parboiling conditions,
Therefore, increasing of Fe concentration in the inner tissues of rice grain may have to select the
variety which contains high Fe concentration in the husk. In addition, it has been confirmed that
parboiling process decreased milling loss and so increased head rice yield. This study has also
illustrated how localization of these nutrients in different parts of the rice grain can be easily and
rapidly detected by staining with Diphenylthiocarbazone (Dithizone or DTZ) for Zn and Perls’
Prussian blue for Fe. In all rice varieties examined, the highest concentration of both Fe and Zn
in the rice grain, indicated by the most intense staining, was in the embryo, followed by the seed

coat, with the lowest concentration in the endosperm.



