Journal of Science and Technology, Vol. 32, No.20(2), pp 26-33 26
© 2012 Kwame Nkrumah University of Science and Teology (KNUST)
http://dx.doi.org/10.4314/just.v32i2.4

RESEARCH PAPER

INFLUENCE OF DRYING TEMPERATURE AND STORAGE
DURATION ON FISSURING AND MILLING QUALITY OF
JASMINE 85 RICE VARIETY

J. O. Akowuah, A. Addo and A. Bart-Plange
Department of Agricultural Engineering, KNUST, Kwsha
E-mail: akowuahjoe@yahoo.co.uk

ABSTRACT

Moisture and temperature gradients induce the demhent of fissures during drying of paddy
kernels. This affects the milling quality of the gdy and eventually reduces the head rice yield.
To this effect, a study was conducted to investigtite influence of drying temperature and stor-
age duration on the cracking behaviour and headeigield of a local rice variety - Jasmine 85.
Freshly harvested paddy samples were thin layeedrin a tunnel dryer with varying drying tem-
peratures (45°C, 50°C, 55°C) as treatments and clireun drying as control. The drying experi-
ment was performed under three replications usingcampletely randomised design. Samples
after drying were stored for three months in sealgldstic bags at room temperature (28°C). Per-
centage fissures and head rice yield at each dryireptment was determined using a grain scope
and a Satake grading machine respectively after gierage period. The highest head rice yield
(76.3%) and the least fissure rate (10%) were attal at the control temperature. This was fol-
lowed by the 45°C and 50°C treatments which gavacdece yields of 70.8%, and 69.8%, with
fissure rates of 13% and 16% respectively. The tdesad rice yield (64.7%) and the highest fis-
sure rate of 29% were observed at 55°C. There wasgaificant difference (p< 0.05) between
head rice yields obtained at 55°C and the contrgperiment. However, there was no significant
difference (p< 0.05) between head rice yield obtained at 45°C;G@nd the control tempera-
ture. It is evident from this study that, Jasminé &an be dried by using a mechanical dryer at
higher temperatures of 45°C and 50°C without affe its milling qualities.
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INTRODUCTION -thirds to meet the country’s requirement annu-
Rice belongs to one of the major economially. Rice is normally harvested at high mois-
crops in the world. In Ghana, it is considered ature contents (MCs) of about 20% to 24% wet
one of the staple cereal crops and is consumddxsis (wb). Harvesting at moistures above 25%
daily in most homes. It is not surprising that,is usually unacceptable because of high drying
aside the one-third production input by localcosts and on the average, head rice drops stead-
rice farmers; government spends a whoppindy at moistures below 20% (Cnossen and Sie-
500 million dollars to import the remaining two benmorgen, 2000). Also, Siebenmorgenal,
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(2007) reported that, optimal harvest moisturéng of rice kernels during drying at high tem-
content of certain rice cultivars is key to maxi-perature and low relative humidity.
mising the milling qualities of these varieties.Cnossen and Siebenmorgen (2000) showed
In order to prevent deterioration after harvestthat, certain drying procedures in which kernel
the paddy should be dried down to a safe moigemperatures exceeded the kernel's glass transi-
ture content of about 12-14%wb, which is contion temperature (g lead to fissuring. Sharma
sidered adequate for safe storage, milling andnd Kunze (1982) reported that most fissures
further storage as milled rice (Bonazti al, appeared within 48 hours after drying ceased,
1997; Inprasit and Noomhorm, 2001). It is abut some additional fissures appeared up to 120
common practice for freshly harvested rice tchours after drying. Other researchers such as
be dried to safe moisture content, typically 12Nguyen and Kunze (1984); Sharma and Kunze
to 13% and then stored for some months priofl982) observed that fissures did not occur until
to milling (Hashemet al.,2008). after drying had ceased.

During paddy drying, moisture and temperatur&Kunze and Prasad (1978) reported that kernel
gradients are created which induces interndlssures created during drying are associated
cracking of the kernel endosperm and leads taith reabsorption of moisture by low moisture
the development of fissures. Schluterman andrains. Hashemet al. (2008) reports that fis-
Siebenmorgen (2007) reported that, highsuring can occur in the field prior to harvest,
temperature drying creates moisture conterftarvesting, processing and storage. The rice
gradients within kernels, which can ultimatelyindustry in Ghana is dominated by small scale
lead to fissure formation within the kernels andarmers. Normally, after harvesting and drying
subsequently reduce milling quality. Fissuresough rice to low final moisture content (FMC)
drastically reduce the mechanical strength obf about 12 -14%, the rough rice is stored for
rice kernels and typically cause kernel breakageng periods before milling depending on mar-
during milling, thereby reducing head riceket demand for the variety. However, storage of
yields (HRYs). Fanet al. (2000) studied the low moisture content grains can reabsorb mois-
relation between various harvest and dryingure leading to the development of hydro
conditions and its effects on head rice yieldstresses in the rice kernel, resulting in fissure
reduction of long- and medium-grain rice varie-formation which leads to eventual reduction in
ties in the US. Head rice yield is the standard ihead rice yield.
the rice industry used to measure rice milling
quality and is defined as the weight percentagburing milling, kernels with fissures tend to
of rough rice that remains as head rice (kernelsreak, leading to lower head rice yield recov-
that are at least three-fourths of the originakry. Understanding the effects of rice fissuring
kernel length) after complete milling. is very important to the local rice industry in
controlling and optimising drying and milling
Investigations on post-drying fissure developquality of paddy. The objective of this study
ment of different varieties of paddy under vari-therefore was to investigate the influence of
ous drying conditions have been undertaken bgrying temperature and storage duration on the
several researchers. Hasheshial. (2008) in- cracking behaviour and head rice yield of a
vestigated the effects of various drying temiocal rice variety,JasmineB5.
peratures, low final moisture, and post-drying
duration on fissure formation and head riceMATERIALS AND METHODS
yield (HRY) reduction in aromatic short-grain FreshJasmineB5, an improved local long grain
rice. Sarker and Kunze (1996); &bgal (2002); paddy variety with initial moisture content of
Yanget al (2002) and Zhangt al (2003) also 22% wet basis was harvested from a rice farm
explained several hypotheses regarding fissuat Besease, a village in the Ejisu-Juaben Dis-
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trict in the Ashanti Region of Ghana. After har-tions and each sample manually dehulled by
vest, the samples were threshed and cleandiand to avoid mechanical damage to the ker-
The initial moisture content was determined imels. Fissures were enumerated based on the
triplicate using an oven method, which com-procedure described by Hasheatial. (2008),
prised drying 15g of rough rice for 24hr in awhere the kernels were inspected using a grain
convection oven at 13C€ (Jindal and Sieben- scope based on light reflection on the grain for
morgen, 1987). the presence of fissures prior to milling. Brown
rice kernels were spread on top of the glass
Drying experiments were performed in a labocover and inspected with a magnifying glass.
ratory model tunnel dryer which included 12Fissured kernels were characterised according
trays (10 x 10 cm) with perforated bottomsto the degree of fissure (heavy and light) and
The perforated trays made up the drying chandetermined in accordance with the Fissure In-
ber as described by Zheng (1999) cited irspection Standard of the Japanese Society of
Zhenget al. (2007), where drying air condi- Agricultural Machinery (JSAM, 1976). Heavy
tions including temperature and relative humidfissures were defined as having internal and/or
ity were controlled by an auto-controller. Themultiple fissures, and light fissures were de-
drying temperatures were 45 50C and 58C fined as fissures occurring on the surface of the
which served as treatments. For statistical corkernel. The maximum percentage of fissured
trol purposes, duplicate samples of rice wer&ernels was recorded.
sun dried and allowed to dry slowly from the
MC at harvest to approximately 12.5% MC.Milling tests
Relative humidity of the heated air was at 15%Milling tests were performed by milling 400g
at an airflow rate of 1.3 m/s. The paddy samef the remaining rough rice from each dried
ples were spread on each perforated tray cosample to determine the head rice yield. A total
taining about 50g to form a rice bed of 2 to 3f 3 HRY determinations were made for each
cm deep which is within the thickness considdrying treatment and control. The milling pro-
ered as a thin layer (ASAE, 2001). For eacltedure consisted of first shelling the 400g
drying air treatment, samples were dried forough rice using a laboratory huller (Rice Ma-
various durations to produce a range of MChine THU, Satake Engineering Co., Tokyo,
gradients within the kernels. The samples werdapan) to obtain brown rice. The brown rice
weighed at time intervals of 5 min until MC of was milled for 35s using a laboratory mill
12 to 14% was attained. The paddy was take{Batake rice polisher). Whole grain rice or head
out and tempered at room temperature to cooice was then separated from broken rice using
down. The samples were then put into seale8atake test rice grader (TRC). The HRY was
plastic bags and stored at room temperature foneasured based on the percentage of head rice
three months. Drying was repeated in 3 replimass remaining from the original 400g rough
cates where twelve trays were used for eacdtice sample after complete milling (Chossn
replication under each drying condition to ob-al., 2000).
tain 36 samples. Combining twelve trays pro-
duced enough rice for milling. After the first RESULTS AND DISCUSSIONS
month of storage, fissure rate and head ricinfluence of drying temperature and storage
yield were determined. This was repeated afteduration on head rice yield

the second and third months of storage. Figure 1 shows the change in head rice yield
for samples dried at 45°C, 50°C, 55°C and the
Fissure rate determination control temperature (34°C) and placed in sealed

The number of fissured kernels was counted ibags at room temperature conditions for the
100 rice kernels which were randomly takenindicated post-drying durations.
from the control and drying treatment combina-
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Fig. 1: Effects of drying temperature on head ricegield for specified storage duration

Table 1: Mean head rice yield oflJasmine85

Drying Head rice
Temperature (°C) yield (%)
45 70.8
50 69.8
55 64.7
Control (34) 76.3
LSD (p< 0.05) 0.04

Head rice yield (averaged over three 400g subsasnplef
samples dried from approximately 22% to 12.5% Mi@agis
air at the indicated temperatures (constant RH%6} and
immediately placed in sealed plastic bags at roempera-
ture for post-drying durations of 1, 2 and 3 montkigans
of each column followed by the same letter in thees
column are not significantly different at<?0.05.

HRY reduction for samples dried using the sun
(34°C) and at 45°C and 50°C drying air tem-
peratures. However, maximum reduction of
HRY occurred at 5% drying air temperature
for all the post-drying durations. Head rice
yield reduction patterns for the various drying
air temperature varied with post-drying dura-
tions. However, higher drying temperatures
produced significant HRY reduction at differ-
ent post-drying duration. This indicates that the
HRY was significantly dependent on drying air
temperature. This result is in agreement with
the findings of other researchers (Jindal and
Siebenmorgen, 1994; Siebenmorgen al,
2005; Wisetet al, 2001) who reported that the
variation in HRY depends on the drying air
temperature, fissuring, rigidity, post-drying
duration and temperature as well as the grain
thickness.

As the drying temperature increased, there was

an overall corresponding decrease in HRMnfluence of drying temperature and storage
which varied with storage duration. From Tableduration on fissure formation

1, it can be inferred that, the drying temperatur®ercentage fissured kernels after the various

had a significant effectP<0.05 on the HRY
for the different post-drying durations.

There was no significant differenge<Q.05 in

post-drying durations for each drying air tem-

perature treatment is shown in Figure 2. The
average percentage of fissured kernels for the
control and treatment samples for the tempera-
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ture treatments 34°C, 45°C, 50°C and 55°Gty. As the kernel temperature increases above
were 10%, 13%, 16% and 29%, respectively. Ithe Tg, the starch transitions from a ‘glassy’
was observed that increasing drying temperanto a ‘rubbery’ state with higher expansion
tures resulted in progressive increases in pecoefficients, specific volume, and diffusivity.
centage value of fissured kernels. After oné\s shown in Figure 3, Perdon (1999) cited in
month of storage, the percentage of fissure@nossen and Siebenmorgen (2000) illustrates
grains increased from 12% to 31% with correthe Tg relationship of a rice variety indicating
sponding increase in drying temperature. Ahe glassy region and the rubbery region.
similar trend was observed for the other post
drying durations as shown in Figure 2. TheThe changes in volumetric expansion coeffi-
trend in fissured grains visually correlated withcient and specific volume when transitioning
the HRY reductions shown in Figure 1. Thisfrom the glassy to the rubbery region according
trend can be explained by the differences in thto Perdoret al (2000) could have an effect on
rice kernel thermo-physical properties. Perdoikernel fissuring, while the changes in diffusiv-
et al (2000) showed that the physical properity would greatly affect drying and tempering
ties of rice kernel changed dramatically as theates.
kernel temperature passed through the glass
transition temperature (Tg). Previous researcBiebenmorgen and Schluterman (2007) also
has shown that, the Tg plays an important roleeported that, extended drying creates intra-
in rice drying and tempering in terms of kernelkernel moisture content gradients, causing the
fissuring potential (Perdonet al, 2000; kernel surface to dry to low moisture contents,
Cnossenet al, 1999; Cnossen and Sieben-thereby causing sufficient portions of the kernel
morgen 2000). periphery to transition into the glassy state
while the center remains in the rubbery state.
According to Slade and Levine (1995), starchThe dramatic differences in kernel properties
the main constituent of rice, undergoes a gladsetween these states, particularly expansion
transition as the kernel temperature increaseates leads to fissure formation and resultant
above the Tg. They reported that, at a temperddRY reductions. The results also support the
ture and moisture content below the Tg, starcfig hypothesis proposed by Cnossen and Sie-
exists as a ‘glassy’ material, with low expan-benmorgen (2000).
sion coefficients, specific volume, and diffusiv-
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Fig. 2: Average percentage fissured grains observaxer three month’s storage duration at
the indicated drying temperatures
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Fig. 3: Glass transition relationship of brown rice indicating the glassy
and the rubbery region
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