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The Glycemic Potential of White and Red Rice
Affected by Oil Type and Time of Addition
Bhupinder Kaur, Viren Ranawana, Ai-Ling Teh, and C Jeya.K Henry

Abstract: Limited research exists on how different oil types and time of addition affect starch digestibility of rice. This
study aimed to assess the starch digestibility of white and red rice prepared with 2 oil types: vegetable oil (unsaturated
fat) and ghee (clarified butter, saturated fat) added at 3 different time points during the cooking process (“before”: frying
raw rice in oil before boiling, “during”: adding oil during boiling, and “after”: stir-frying cooked rice in oil). Red rice
produced a slower digestion rate than white rice. White rice digestibility was not affected by oil type, but was affected
by addition time of oil. Adding oil “after” (stir-frying) to white or red rice resulted in higher slowly digestible starch.
Red rice cooked using ghee showed the lowest amount of glucose release during in vitro digestion. The addition of
ghee “during” (that is boiling with ghee) or “before” (that is frying rice raw with ghee then boiling) cooking showed
potential for attenuating the postprandial glycemic response and increasing resistant starch content. This is the first report
to show healthier ways of preparing rice. White rice with oil added “after” (stir-fried) may provide a source of sustained
glucose and stabilize blood glucose levels. Boiling red rice with ghee or cooking red rice with ghee pilaf-style may provide
beneficial effects on postprandial blood glucose and insulin concentrations, and improve colonic health. The encouraging
results of the present study justify extending it to an in vivo investigation to conclusively determine the effect of time of
addition of fat when rice is cooked on blood glucose homeostasis.
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Practical Application: Rice is a predominant source of energy in most of Asia with excessive consumption of rice being
implicated in the rise of type 2 diabetes. Stir-frying white rice can be a source of sustained glucose and provide a stabilizing
effect on blood glucose levels. Boiling red rice with ghee or cooking red rice with ghee pilaf-style may provide beneficial
effects on postprandial blood glucose and insulin concentrations. This suggests how a single technique of adding fat in
the cooking of rice at certain time points may be a useful method in providing taste and lowering glycemia.

Introduction
Rice (Oryza sativa) is the staple food of an estimated 3.5 bil-

lion people worldwide with more than 90% of this rice being
consumed in Asia (Mohanty 2013). Recent epidemiological work
has suggested that rice could be a notable contributor to diabetes
incidence (Hu and others 2012), especially in predominantly rice-
eating communities where it is a major contributor to glycemic
load (GL). Rice is generally classified as a medium–high glycemic
index (GI) food compared with other starchy foods as rice starch is
readily hydrolyzed by amylases after ingesting (Jenkins and others
1984; Miller and others 1992; Frei and others 2003). Carbohydrate
foods that increase blood glucose rapidly are known as high GI
foods, and those that increase blood glucose gradually are known
as low GI foods (Jenkins and others 1981). They may be divided
into low GI (GI � 55), medium GI (56 � GI � 69), or high GI
(GI � 70).

With diabetes rates increasing alarmingly in Asia, there is an
urgent need to find methods of reducing the glycemic impact of
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rice (Chan 2001; Shaw and others 2010). Polished white rice is
the most favored variant for consumption. Unpolished rice such as
red rice has also become increasingly popular because of its health
benefits. Red rice is an unpolished type of rice that is red in color
because of the anthocyanins present in the bran layer which is rich
in micronutrients and vitamins (Yawadio and others 2007). It is
one of the most nutritious rice being a good source of bioactive
phytochemicals, including tocopherols, tocotrienols, γ -oryzanol,
and phenolic compounds (Zeng and others 2013).

The glycemic response of a starchy food is affected by its di-
gestibility which is influenced by factors such as cooking (Fernan-
des and others 2005) and presence of other ingredients such as fat
and fiber (Henry and others 2008; Brand-Miller and others 2010;
Jenkins and others 2010; Clegg and others 2011). Rice is predom-
inantly eaten in its plain boiled or steamed form. However, it is
also often made into variants such as fried rice, biryani, and pilaf
where fat is added for flavor, aroma, and texture. Previous studies,
both by our group and others, have shown that coingesting car-
bohydrates with fats attenuates the glycemic response (Thomsen
and others 1999; Henry and others 2007). However, little work
has been performed to determine how oil type and time of addi-
tion of oil to a starchy food like rice may affect starch digestibility.
Vegetable oil and ghee were chosen on the basis of its traditional
use to make flavored rice in Asia. The time of addition of these 2
oils were “before” cooking (raw rice is fried with oil before the
addition of water to boil, that is pilaf method), “during” cooking
(addition of oil to the boiling water), and “after” cooking (stir-
frying the cooked rice with oil). These stages were chosen as they
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Table 1––Procedures for cooking red rice using three times of
addition of fat.

Time of addition of fat Description of procedure

“after” Rice is first cooked by boiling 20 min.
Cooked rice is then added to fat to be
stir-fried for 1 min

“during” Rice is cooked by boiling for 20 min in
water and fat.

“before” Raw rice is fried in fat quickly (1 min). Then
water is added and rice is boiled 20 min till
cooked

Notes: Controls for ‘after’, ‘during,’ and ‘before’ were cooked in a similar manner for
each but without the addition of oil. White rice was cooked using the same procedures
but boiled for 15 min instead of 20 min.

represent the real-life recipes for these rice preparations and are the
most common ways of preparing rice for human consumption.

The present study aims to investigate the glycemic potential of
white and red rice when vegetable oil and ghee (clarified butter)
were added at 3 different stages of the rice preparation process.

Material and Methods

Test rice and oils
The test rices were long grain white rice (O. sativa L.) (Thai

Hom Mali, Brand: NTUC Fairprice, Singapore) and long grain
unpolished red rice (O. sativa L) (Thai, Brand: NTUC Fairprice,
Singapore). The oils used were vegetable oil (100% vegetable oil
containing refined soybean oil; Brand: NTUC Fairprice, Singa-
pore) and ghee (clarified butter, Brand: QBB, Queensland, Aus-
tralia). The rice and oils were purchased from local supermarkets.

Cooking and mastication of rice
The cooking procedures were standardized to minimize possi-

ble confounding factors. The rice was cooked using the exact-
proportions method where no water remained by the end of
cooking. The rice:water ratio was maintained at 1:2.5 for white
rice and 1:4 for red rice) cooking. The rice was cooked in a pan
on an induction cooker for exactly 20 min until all the water had
been absorbed (15 min for white rice).

Rice treatments were prepared by adding oil at 3 distinct time
points of the preparation procedure (Table 1). For every 25 g
of cooked rice, 2.2 g of fat was used. The oil added for “after”
method involved stir-frying the cooked rice in oil. Oil was added
into a wok preheated to 200 °C on an induction cooker. The
rice was then added and stir-fried with continuous mixing for
1 min. Stir-frying was carried out immediately after boiling the
rice. The adding “during” method involved incorporating oil into
the cooking water. Rice and water were added in the correct
quantities into the pan along with the oil and cooked as described
above. The adding “before” method involved stir-frying the raw
rice in oil before boiling. The oil was heated to 180 °C in a pan on
an induction cooker. The raw rice was then added and stir-fried
for 1 min before adding water and cooking for the prescribed time.
The 3 controls (“after,” “during,” and “before”) were cooked in
a similar manner as shown in Table 1, but without the addition of
oil. Hot cooked rice was kept at a warm setting on the induction
cooker for 10 min after each cooking process. Rice was masticated
immediately and wrapped in aluminum foils to further keep warm
until ready for digestion. Digestion of samples began within 20 min
of masticating all rice samples.

Digestibility of rice
The glycemic potential was assessed using a prevalidated in vitro

starch digestibility model that mimics human gastrointestinal di-
gestion (Mishra and Monro 2009; Monro and others 2010) and has
shown to provide accurate indicative data on the in vivo glycemic
response (Englyst and Hudson 1996; Mishra and Monro 2009;
Monro and others 2010).

The starch digestibility of the rice treatments was determined
in vitro using the method described by Mishra and Monro (2009).
Mastication of rice was simulated by passing the prepared rice sam-
ples through a sieve (mesh size: 3.35mm; Endecotts Ltd, London,
U.K.). In-house trials have shown that the particle size distribu-
tion achieved by this is similar to that observed after mastica-
tion. Masticated rice samples (2.0 g) were digested in specimen
pots inserted to their full depth in a 12-position aluminum block
placed in a circulating water bath maintained at 37 °C with stir-
ring at 130 rpm. The oral phase digestion was initiated by adding
0.1 mL of 10% alpha-amylase in MilliQ water. After stirring for
1 min, 0.8 mL of 1 M HCl was added to the samples in quick
succession to attain pH 2.5 (± 0.2) measured by the use of pH
meter (PB-11, Sartorius, Germany). Gastric phase was then initi-
ated by adding 1 mL of 10% pepsin dissolved in 0.05 M HCl. The
mixtures were stirred at 130 rpm for 30 min at 37 °C to complete
the gastric digestion, followed by neutralizing the gastric HCl with
2 mL of 1 M NaHCO3 and 5 mL of 0.2 M maleate buffer (pH 6).
Five milliliter of 10% bile extract solution in MilliQ water was
added into the pots and then immediately filled with MilliQ wa-
ter to the 55 mL mark. The pancreatic phase digestion was started
by adding 0.1 mL of amyloglucosidase (P300 U/mL) and1 mL of
5% pancreatin in maleate buffer in quick succession. An aliquot
of 0.5 mL sample from baseline, the end of oral and gastric phase,
at 20, 60, 90, 120, and 180 min from the start of pancreatic di-
gestion was transferred into the tubes containing 2 mL ethanol for
subsequent reducing sugar analysis.

The available carbohydrate content in cooked rice was de-
termined using an enzymatic method (K-ACHDF, Megazyme
International, Wicklow, Ireland) and was shown to be 42 g
carbohydrate/100 g for cooked white rice and 39 g of carbohy-
drate/100 g rice for cooked red rice. Using these values, the data
were transformed to mg of glucose/g of carbohydrate as it better
represented the total amount of starch in the sample.

Measurement of reducing sugars released during in vitro
digestion

Sugars released during in vitro digestion were measured as
monosaccharides using a modified Dinitrosalicylic acid (DNS)
colorimetric method (Englyst and Hudson 1987). The ethanolic
digesta were centrifuged at 1000 g for 10 min at 20 °C (Sorvall
Legend RT, Thermo Scientific, Mass., U.S.A.). Fifty microliter
aliquots of the supernatant, standard (10 mg/mL glucose), and a
blank (MilliQ water) were mixed with 0.25 mL of acetate buffer
containing 0.4% invertase and 1% Megazyme amyloglucosidase at
room temperature for 30 min to complete the depolymerization
into monosaccharides. Reducing sugars were then measured by
adding 0.75 mL of DNS mixture containing 0.5 mg/mL glucose,
4 M NaOH, and DNS reagent at a 1:1:5 ratio. The mixtures
were heated for 15 min at 95 to 100 °C, cooled, and then diluted
with 4 mL MilliQ water. Absorbance of the samples and standards
was read at 530 nm against the blank using a UV/visible spec-
trophotometer (UV-2600, Shimadzu, Singapore). The amount of
sugars released at each time point (baseline, oral, gastric, 20, 60,
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90, 120, and 180 min) was measured in mg of glucose/g of food
using the absorbance values for the samples and standards. Rapidly
digested starch (RDS) was calculated as the amount of reducing
sugars present in the sample aliquot taken at 20 min from the
start of pancreatic digestion. Slowly digested starch (SDS) was cal-
culated as the difference between the amount of reducing sugars
measured at 120 min and RDS (Mishra and Monro 2009). Indi-
gestible starch (IDS) which was starch not hydrolyzed after 180
min of incubation. This was calculated as the difference between
the total amount of starch in the sample and the glucose released
by 180 min (total starch—180 min).

Data analysis
All statistical analyses were performed in R, open source sta-

tistical computing software (R.Development.Core.Team 2008)
(www.r-project.org/). Differences in reducing sugar contents be-
tween each variable adjusting for the other 2 (in vitro time points,

addition time, oil type) were evaluated using the Multifactorial
Analysis of Variance (MANOVA), for instance, glucose content
at different in vitro time points (adjusting for addition time and
oil type). MANOVA was also performed on the concentration
of glucose release for SDS, RDS, and IDS, taking into account
the addition time and oils used. Statistical significance was set at
P < 0.05.

Results and Discussion

In vitro starch digestibility of cooked rice
White and red rice cooked with different oil types and times

of addition were subjected to in vitro enzymatic digestion under
controlled conditions. The in vitro method used provides quick
and cost-effective indicative data that accurately reflect the in
vivo glycemic potential of carbohydrate foods (Mishra and Monro
2009). It is, therefore, suitable to rapidly screen and assess glycemic

Figure 1–Starch digestibility of rice cooked with oils added at different addition times: (A) red rice with oil added “before,” (B) white rice with oil added
“before,” (C) red rice with oil added “during,” (D) white rice with oil added “during,” (E) red rice with oil added “after,” and (F) white rice with oil added
“after”.∗Mean values were significantly different between “after,” “during,” and “before” addition times (P < 0.05).�Mean values were significantly
different between oil type for each addition time (P < 0.05).

Vol. 0, Nr. 0, 2015 � Journal of Food Science H3

http://www.r-project.org/


H:Health,Nutrition&
Food

Rice digestibility affected by cooking . . .

potential of carbohydrate foods before in vivo testing which is more
time-consuming and costly.

The starch digestibility of white and red rice cooked using
different addition times and oil types is shown in Figure 1. Overall,
red rice had a slower glucose release than white rice for all 3
addition times. Both rice types were affected by addition time of
oil in a similar pattern. The addition time of oil had a significant
effect on white rice digestibility with “after” being significantly
different to “before” and “during” (P < 0.05) (Figure 1(B), (D),

(F)). The “during” and “before” addition times of oil to white
rice were not significantly different (P = 0.258) (Figure 1(B), (D)).
For red rice, the oil added “after” was significantly different from
“during” (P = 0.004) and “before” (P = 0.02) (Figure 1(A), (C),
(E)). The “during” and “before” times of addition to red rice were
similar in their digestibility rate showing no significant difference
from each other (P = 0.63) (Figure 1(A), (C)). The differences in
cooking techniques (addition time) may cause alterations in the
structure of rice and influence starch digestibility.

Figure 2–Rapidly digestible starch (RDS), slowly digestible starch (SDS), and indigestible starch (IDS) values for white rice (WR) and red rice (RR) with
addition of oil at 3 times of addition. Results presented as mg glucose/g of sample (mean ± SD). Addition time compared by small letters (a–b) with
different alphabets being significantly different at P < 0.05. Oil type compared by asterisk (∗) denotes ghee being significantly different to control
(P < 0.05).
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Both vegetable oil (P = 0.77) and ghee (P = 0.74) had no
significant effect on digestibility of white rice compared with the
control (Figures 1(B), (D), (F)). Vegetable oil had no significant ef-
fect on red rice digestibility for all addition times applied compared
with control (P = 0.09). In contrast, ghee was observed to signif-
icantly lower the digestion rate of red rice compared with control
when it was added “during” (P = 0.018) and “before” (P = 0.002)
cooking (Figure 1(A), (C)). The degree of unsaturation between
ghee and vegetable oil is different, with ghee (approximately 72%
to 73%) having a higher saturated fatty acid content than vegetable
oil (approximately 15%) (Chow 2007; Zambiazi and others 2007).
The addition of ghee may alter the starch physical properties of red
rice by forming complexes between amylose and lipids. This may
contribute to a decreased susceptibility of starch to alpha amylase
digestion. A few studies have demonstrated that starch in complex
carbohydrate foods does not interact with lipids in vitro if there
is intact fiber present as it creates a barrier between the enzyme
and substrate (Wong and others 1985; Fardet and others 1999).
But components in the bran of red rice may also bind with ghee
and impact on starch digestibility which remains to be explored
further. Different degrees of saturation of fat form lipid–starch
complexes to varying extents and the rate of digestibility of starch
may differ depending on the type of fat used and the presence of
fiber.

RDS, SDS, and IDS contents of cooked rice
The amounts of nutritionally important starch fractions, RDS,

SDS, and IDS, in the rice treatments are shown in Figure 2. The
RDS content in food is a reflection of the amount of readily
digestible starch and is indicative of the short-term postprandial
glycemic response (Englyst and others 1999; Lehmann and Robin
2007), whereas SDS represents the slowly digestible starch fraction
and indicates the longer-term glycemic response (Lehmann and
Robin 2007). The IDS is the portion of starch that is resistant
to enzymatic hydrolysis in the small intestine, but is fermentable
by microflora in the colon (Englyst and Macfarlane 1986; Englyst
and Cummings 1987). Indigestible starch has been reported for its
health benefits of preventing colon cancer, hyperglycemia, hyper-
insulinemia, diabetes, and obesity (Behall and others 2006; Hasjim
and others 2010).

Addition time and oil type had no effect on RDS of both rice
types (P > 0.05) (Figure 2). Oil type and addition time seemed to
do little to attenuate the initial rate of starch digestion for both rice
types. This suggests that the potential glycemic impact of cooked
white and red rice is relatively high in most instances.

The addition time of oil had a significant effect on the SDS
and IDS quantities of both white rice and red rice (P < 0.05)
(Figure 2). Addition time "before" and "during" were not signif-
icantly different for SDS content of white rice (P = 0.369). The
addition of oil “after” to white rice resulted in significantly higher
SDS than the other 2 addition times (P < 0.05) (Figure 2). Adding
oil “after” to white rice (stir-frying) seemed to have higher SDS
than “during” addition of oil (boiling with oil) or “before” ad-
dition of oil (pilaf rice) so the carbohydrate that is available, but
not rapidly available, increases, and white rice becomes a source of
sustained carbohydrate energy (Mishra and others 2008). Red rice
generally had higher SDS quantities than white rice for all addition
times (Figure 2). The addition time “after” was significantly dif-
ferent to "during" (P = 0.0004) and "before" for SDS content of
red rice (P = 0.002). A study by Reed and others (2013) showed
no significant impact of stir-frying with corn oil on SDS content
of cooked white rice. Our study showed that the addition time

of oil “after” that is stir-frying, to white rice or red rice has the
potential of increasing SDS content, and thus its glycemic impact.
The cooking procedures differed for both studies, and this could
have resulted in the different findings.

All 3 addition times significantly affected IDS content of white
rice (P < 0.05). The amount of starch left undigested for white
rice was highest for the “before” addition time and lowest for
the “after” addition (Figure 2). This was a similar finding in an-
other study where a larger resistant starch content was reported in
pilaf white rice (addition time “before”) compared with steamed
white rice suggesting the presence of amylose–lipid complex for-
mation during cooking ( Reed and others 2013). Oil type had
no effect on the IDS content of white rice when compared with
the control (P = 0.603). The IDS content for the “before” and
“during” addition time of red rice did not differ (P = 0.118), but
were significantly different to “after” (P < 0.05). The highest IDS
content was observed with “during” and the lowest for “after”
(Figure 2).

Ghee was observed to significantly impact the IDS quantities of
red rice (P = 0.036). Ghee added “during” cooking of red rice
(469.1 mg/g sample) had a higher IDS content compared with the
control (430.9 mg/g sample) (Figure 2). The “during” addition
time, that is boiling, has been shown to produce an appreciable
amount of indigestible starch, in the form of resistant starch, in
rice (Sagum and Arcot 2000). Using wet heat to cook rice with
ghee may be useful in increasing indigestible starches and subse-
quently decrease glycemic responses as it may also possibly induce
the formation of amylose–lipid complexes during cooking (Ai and
others 2013). Higher indigestible starch, that is resistant starch con-
tent, would have beneficial effects on colonic cells, with a possible
protective role in large bowel cancer (Englyst and others 1993;
Cummings and others 1996)

Conclusions
Our study is the first to propose that the time of addition of

oil and oil type has an impact on the glycemic potential of white
rice and red rice. Although previous work has shown that adding
oil to carbohydrates affects their glycemic response (Clegg and
others 2011), the present study shows that these effects may also
be mediated by starch–fat interactions at the microstructure level,
and that the time of addition of oil and the oil type may influence
the nature of these interactions. Studies looking at the glycemic
response of rice when cooked under varying food preparation
conditions provide insights into how best to optimize starchy meals
for diabetes prevention. Our study has shown 2 possible ways of
reducing the glycemic potency of white rice and red rice.

Although it is not possible to make a broad generalization on
the optimal timing for the addition of oils to rice, it is evident
that adding oil “after” to white rice (stir-frying) increases SDS
quantities which can provide a slower and sustained blood glucose
level after ingestion. For white rice, the oil type showed no impact
on lowering the digestion rate. In contrast, the addition of a small
amount of ghee to red rice “during” (boiling red rice with ghee)
or “before” (pilaf method) cooking lowered the digestion rate and
increased the resistant starch content.

The putative association between the consumption of high GI
rice and the induction of type 2 diabetes has been widely recog-
nized (Hu and others 2012). Simple culinary methods to reduce
the glycemic response of rice are being recommended in commu-
nities consuming rice. Our study points to a practical means to
reduce the glycemia of rice. The time of oil addition and type of
oil plays a major role in affecting the digestibility of white and red
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rice. This data paves the way for future in vivo work to establish
the optimal oil usage for cooking that meets both gustatory and
nutritional needs.

Acknowledgments
The authors are grateful to the Singapore Inst. for Clinical

Sciences for funding the study.

Conflict of interest
The authors declare no conflict of interest.

Author contributions
B. Kaur conducted the experiments, analyzed, and interpreted

data, and drafted the manuscript.
A. Teh conducted statistical analysis and interpretation of statis-

tical data.
V. Ranawana and J. Henry designed the study and edited

manuscript.

References
Ai Y, Hasjim J, Jane J-l. 2013. Effects of lipids on enzymatic hydrolysis and physical properties

of starch. Carbohydr Polym 92(1):120–7.
Behall KM, Scholfield DJ, Hallfrisch JG, Liljeberg-Elmståhl HGM. 2006. Consumption of both
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