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ABSTRACT

Malnutrition disorders, due to iron (Fe) and zinc (Zn) deficiency affect
approximately 60% and 30% of human populations, respectively. A commonly
suggested solution is to consume Fe and Zn rich food. However, in developing countries
where the deficiencies are common, Fe and Zn rich food such as meat and vegetables
are expensive, people derive most of their caloric intake from staple grains, which are
generally low in Fe and Zn. The problem is especially serious for rice eaters, because
rice has the lowest concentration of Fe and Zn among the cereal grains. Furthermore,
considerable Fe and Zn in the rice grain is removed by the milling process to produce
white rice, the form most commonly consumed by rice eaters. Selection and breeding
for rice varieties with high Fe and Zn concentration has been suggested as a means to
increase Fe and Zn intake in those who depend of the cereal for a major part of their Fe
and Zn intake. Understanding on Fe and Zn allocation in different part of the rice grain,
especially to the endosperm which constitute the white rice that people eat would be
advantageous to delivery of Fe and Zn enriched rice to rice eaters. The present study
evaluated the partitioning of Fe and Zn to different parts of the rice grain, changes in
concentration of the nutrients after milling, of Thailand’s main rice varieties and some
selected varieties with high Fe and Zn concentration. Also explored were the
relationship between the loss of grain mass and Fe after milling of rice with a wide

range of grain shape and size and Fe concentration, and the influence of water regimes



(wet land Vs dry land) on Fe and Zn accumulation by the rice plant and their allocation

to the grain.

Fifteen Thai rice genotypes grown under wetland condition were found to contain
6-16 mg Fe kg™ and 17-59 mg Zn kg™ in brown rice. Popular wetland varieties such as
KDML105, RD6, SPR1, CNT1 and PTT1 were all in the lower range of brown rice Fe
and Zn. RD29 which was released as a high Fe variety was an exception, with 14 mg Fe
kg in brown rice. Highest in both Fe and Zn in brown rice were the upland rice
varieties KPK and NR. Grown under wetland condition, brown rice of KPK had 14 mg
Fe kg and 49 mg Zn kg™ and NR had 16 mg Fe kg™ and 59 mg Zn kg™. On average
the Fe and Zn concentration in the endosperm which becomes white rice after milling
were lower and higher in the embryo and aleurone compared with brown rice. However,
variation in the concentration of Fe and Zn in different parts of the rice grain was
different among the rice varieties. The nutrient in white rice as percentage of that in
brown rice ranged from 33% in SKN to 76% in CNT1 for Fe and 42% in RD29 and
90% in SMJ for Zn. Regarding rice ecotype, upland genotypes had higher Fe
concentration in brown rice than wetland genotypes, but the difference was not
detectable in white rice, embryo and aleurone. In contrast, Zn concentration in all parts
of the grain was higher in upland genotypes, with twice as much in brown rice and
almost three times in white rice, compared with the wetland genotypes. Within the
wetland genotypes, Fe and Zn concentration in brown and white rice with waxy grain
were not distinguishable from those with non-waxy grain type. Furthermore, white rice
Fe concentration was positive correlation with Fe allocation to white rice in both upland

Fekk

(r = 0.66") and wetland (r = 0.86™"), but negative correlation with Fe allocation to
aleurone in wetland genotype (r = -0.79™). White rice Zn concentration was positive
correlation with Zn partitioning in white rice in both upland (r = 0.63") and wetland (r =
0.85

wetland (r =-0.74""") genotype.

KKk

) and negative correlation with embryo partitioning in upland (r = -0.58") and

Milling which removes the embryo and aleurone from brown rice to produce
white rice, depressed rice grain nutrient concentration that ranged from 24 to 67% for
Fe and 13 to 58% for Zn, depending on the variety. Losses in grain weight after milling



is termed “degree of milling”, and varied among the rice varieties from 2 to 18%. No

correlation was found between the milling loss of Fe and Zn and the degree of milling.

Under dryland culture, the 15 Thai rice genotypes were found to contain 8 — 15
mg Fe kg! and 13 — 40 mg Zn kg* in brown rice. Depending on genotype, Fe
concentration in the white rice varied from 27% (in KPK) to 92% (in CNT1) of that in
brown rice, whereas the Fe in the embryo and aleurone were 5 — 6 to 11 — 12 times
those in brown rice. The Zn concentration in white rice relative to brown rice also
varied with the rice variety, ranging from 49% to 84%. The aleurone had from about the
same concentration to 3 times as much Zn as brown rice, but Zn was much more
concentrated in the embryo, with concentration of 5 to 13 times the concentration in
brown rice. White rice Fe concentration ranged from 3 to 8 mg Fe kg?! and Zn
concentration ranged from 9 to 25 mg Zn kg!. Regarding rice ecotype, grain Fe
concentration was not different between rice upland and wetland genotypes. By
contrast, upland genotypes had higher Zn concentration than wetland genotypes in both
brown and white rice. Within wetland genotypes, grain Fe concentration was not
different between waxy and non-waxy grain. For Zn, waxy grain had high Zn
concentration than non-waxy grain in brown rice, but after milling white rice Zn

concentrations were similar.

Grain Fe and Zn partitioning in rice produced under dryland culture was
dependent on genotype. The Fe allocated to different parts of grain was observed in
four patterns including i) declined in the order white rice > aleurone > embryo; ii) white
rice = aleurone > embryo: 1i1) aleurone > white rice > embryo; and 1v) aleurnoe > white
rice = embryo. For Zn, the Zn allocated to different parts of grain was observed in two
patterns including i) declined in order white rice > embryo > aleurone; and ii) white rice
> embryo = aleurone. Fe allocated to white rice ranged from 24% to 54% of the total
grain Fe content and from 54% to 78% of the total grain Zn content. Grain Fe and Zn
partitioning were similar between rice ecotype and endosperm type. However, white
rice Fe concentration was positively correlated with Fe partitioning in white rice but

negatively correlated with aleurone partitioning in both upland and wetland genotypes.



White rice Zn concentration was positively correlated with Zn partitioning in white rice

only in wetland genotypes.

Milling loss of grain mass and Fe were evaluated in 18 rice genotypes, grain
morphology of short-bold, medium-medium, medium-slender, long-medium, long-
slender and extra long-slender, and with brown rice Fe ranging from 8 to 15 mg Fe kg™.
Milling loss of grain mass and Zn were evaluated in 3 genotypes each of long grain rice
with waxy and non-waxy endosperm. The paddy samples were milled for 30, 45 and 60
seconds. Milling depressed Fe concentration by 17% to 73% and Zn concentration by
15 % to 50%. When milled for 30 seconds, the standard time for producing white rice
degree of milling ranged from 7 to 17%. Correlation between both Fe or Zn

concentration depression and degree of milling were not found.

Depression of Fe and Zn concentration increased with longer milling time and the
degree of depression was genotype-dependent with different grain morphology. Short-
bold grain had higher resistance to milling and resulted in higher grain Fe retention
when compared with long grain at the same milling time even grain was collected from
different sites or grown together. Fe concentrations were depressed by 23% in short-
bold and 42% in long-slender grain. However, Fe concentration depression was found
in the same grain morphology with different endosperm type, but similar for Zn
concentration depression. Waxy grain had higher Fe depression than non-waxy grain,

being 71% and 54%, respectively.

Due to the apparent difference in Fe and Zn concentration in different parts of the
rice grain produced in wetland and dryland condition that varied with rice genotype, this
study evaluated the effect of water supply on Fe and Zn accumulation in the rice plant
and allocation to the grain. Four rice genotypes, KPK, RD7, KDML105 and IR68144 were
grown with different soil water supply; flooded (W+) and drained (WO) soil. In W+ Fe
concentration in the shoot was generally higher than in WO, but Fe concentration of
mature grain did not differ significantly between WO and W+, but the difference was
less obvious in the Zn concentration. There was no significant difference between W0

and W+ in the Fe concentration of whole unhusked grain and brown rice but the Zn



concentration was higher in WO than W+. Evidence of nutrient remobilization was seen
in decline of Fe and Zn contents between heading and maturity, in both W0 and W+. A
larger proportion of Fe accumulated was distributed to the grain in WO (harvest index
for Fe = 0.031% ) than in W+ (harvest index for Fe = 0.021%), but for Zn the situation
was reverse, with a larger portion of the Zn accumulated distributed to the grain in W+
(harvest index for Zn = 0.058%) than WO (harvest index for Zn 0.021%, respectively)

In conclusion, grain Fe and Zn concentration varied among rice genotypes and
ecotypes. The very high concentration of Fe and Zn in some upland genotypes need to
be further investigated. Concentration of the nutrients in white rice that is commonly
consumed by rice eaters, however, also depends on how the nutrients are allocated to
different parts of the grain, especially the endosperm. Milling loss of Fe and Zn may
vary with grain morphology, but also among those with similar grain shape such as the
slender grain standard Thai varieties. Biofortification efforts to increase Fe and Zn
intake among rice eaters need to focus on genotypes which are able to retain the high Fe
and Zn concentration after milling, as well as stability of the nutrient concentration

across environment



