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Abstract

White rice is a high glycemic index food, and therefore different approaches are adopted to reduce its glycemic 
effect. The present study investigated the effect of adding fenugreek and Nigella sativa seed powder to white rice 
on glycemia, appetite, palatability, and gastrointestinal clinical manifestations in healthy subjects. In a random-
ized crossover design, 16 healthy subjects consumed white rice alone (control group), white rice with 2-g fenu-
greek seed powder or white rice with 4-g nigella seed powder on different occasions. Each test meal provided 50 g 
of available carbohydrates. Blood glucose, subjective appetite, and gastrointestinal manifestations were measured 
at fasting and postprandially for 2 h. Palatability of the test meals was also measured using a 9-point hedonic scale. 
The nigella meal resulted in significantly lower blood glucose concentration (31.25 mg/dL) at 30 min (p = 0.022), 
compared to the control meal (43.88 mg/dL) whereas fenugreek meal showed no significant effect. Moreover, the 
nigella meal significantly increased satiety ratings at 30 and 90 min (p = 0.035 and 0.018, respectively). The results 
demonstrated that the addition of nigella powder to white rice reduced its glycemic response and increased sati-
ety, compared to the control meal. All test meals were judged as acceptable by the subjects and their consumption 
didn’t cause any gastrointestinal discomfort. Results of the current study demonstrated promising implications for 
reducing glycemic response of white rice, a commonly consumed high-glycemic index food.
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Introduction

Rice is a staple food consumed daily by more than half 
of global population. In many Asian countries, it is a 
major single source of carbohydrates and energy; how-
ever, its intake has been associated with increased risk of 
type 2 diabetes (Hu et al., 2012). This could be explained 
by high glycemic response of rice, because higher levels 
of postprandial glycemic response increase the risk of 

developing chronic diseases, particularly type 2 diabetes 
(Blaak et al., 2012; Zhang et al., 2016). Therefore, differ-
ent ingredients are added to rice to reduce its glycemic 
response (Hlebowicz et al., 2007; Sun et al., 2014; Zenel 
and Stewart, 2015; Zhang et al., 2016). 

Medicinal plants are important sources of bioactive com-
pounds and their addition to high glycemic foods reduces 
the glycemic response of such foods. Fenugreek, as seeds 
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and green leaves, is a medicinal plant used as a spice in 
human food (Thomas et al., 2011). Its high fiber content 
and presence of other bioactive compounds, such as alka-
loids, saponins, steroidal sapinogens, and polyphenols, 
make fenugreek a health-promoting herb (Murlidhar and 
Goswami, 2012; Wani and Kumar, 2018). Fenugreek fiber 
increases satiety and reduces energy intake at lunch, sug-
gesting that it may have short-term beneficial effects on 
lowering energy intake in obese subjects (Mathern et al., 
2009). Previous studies have also found that 25–50-g fen-
ugreek seeds in daily diet of diabetic subjects exert bene-
ficial effect on their glycemic response (Das et al., 2012).

Nigella sativa is another medicinal plant used tradition-
ally for the treatment of diabetes. The antidiabetic effect 
of Nigella sativa is attributed to its insulinotropic action 
(Fararh et al., 2002; Rchid et al., 2004) and antioxidant 
properties which decrease oxidative stress and thus 
help preserve pancreatic β-cell integrity (Altan et  al., 
2007; Kanter et al., 2003). In different animal studies, 
Nigella sativa has been shown to decrease blood glucose 
in diabetic induced rats (Alimohammadi et al., 2013; 
Asaduzzaman et al., 2015). In human studies, different 
doses of Nigella sativa (1–3 g per day) have been shown 
to decrease blood glucose concentration in type 2 dia-
betic subjects (Bamosa et al., 2010).

However, no study has been conducted on the acute 
effects of adding fenugreek and Nigella sativa to white 
rice and its glycemic and appetite responses. Therefore, 
the objective of the present study was to determine the 
effect of adding fenugreek and nigella seed powder 
to white rice on postprandial glycemic and appetite 
responses in healthy subjects and assess palatability of 
meals and gastrointestinal clinical manifestations of 
subjects. It was hypothesized that the addition of these 
spices to white rice would result in lowered postprandial 
glycemia and increased satiety, compared to white rice 
without any addition. 

Materials and Methods

Study subjects 

This study was conducted at the Laboratory of Human 
Nutrition, the University of Agriculture, Peshawar 
(Pakistan) and included healthy subjects irrespective of 
gender, aged 18–60 years. The subjects were recruited 
through posted flyers and direct personal meetings. The 
subjects were screened using a health questionnaire after 
receiving written informed consent. Exclusion crite-
ria included a history of cardiovascular disease (CVD), 
diabetes, asthma, food allergies, major gastrointestinal 
problems, hypertension, currently on dieting or skipping 
breakfast regularly, medication known to affect glucose 

metabolism, and smoking. In addition, subjects having 
fasting blood glucose concentration >101 mg/dL were 
also excluded from the study. The sample size for the 
present study was calculated using the NCSS 2004/PASS 
2002 statistical software for power and sample size esti-
mation (Hintze, 2001). 

A total of 16 subjects were required to detect a 20% dif-
ference in the blood glucose concentration with a power 
of 80% and α ≤ 0.05. The study was conducted according 
to the guidelines of Declaration of Helsinki and approved 
by the Ethics Committee and Human Studies Review 
Board (FNS-ECHSRB/2015-0087) of the University of 
Agriculture Peshawar.

Study design and protocol 

The study was designed as a randomized, controlled, 
cross-over trail in accordance to the protocol  adopted 
by Ahmad et al. (2018). Each subject attended three 
testing sessions, each 1–2-week apart. On each study 
visit, subjects ate one of the three test meals. Subjects 
were requested to avoid hard physical activity before 
each study visit. To minimize any differences in the 
second meal effect, subjects were instructed to eat 
and drink the same foods the evening prior to each 
visit to record this in a dairy. Subjects were directed to 
consume their dinner before 9:00 pm on the evening 
prior to each test day; after testing session they were 
requested to abstain from food (i.e., fasting). Subjects 
attended each study visit at 08:30 am, following 
10–12-h fasting. 

At first visit, baseline measurements, such as weight, 
height, and waist circumference, were recorded upon 
arrival at the laboratory. Fasting blood glucose was mea-
sured by finger prick after taking 5-min rest. The sub-
jects then assessed their appetite sensation using visual 
analogue scales (VAS). Thereafter, test meal, comprising 
50 g of available carbohydrates, was consumed with 200-
mL water within 10 min. During consumption, subjects 
were required to rate the palatability of test meal using 
a 9-point hedonic scale. Blood glucose was measured 
at 15, 30, 45, 60, 90, 120 min after consumption of test 
meal. Immediately after taking blood samples at the 
above-mentioned time intervals, subjects were required 
to fill out VAS. Subjects also assessed any gastrointestinal 
discomfort felt by them at fasting and at 30, 60, 90, and 
120 min of consumption of test meal. 

Test meals

Dry seeds of fenugreek and Nigella sativa were purchased 
from the local market and crunched into powder using 
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Subjects’ appetite measurements 

Subjects’ appetite was evaluated for satiety, fullness, 
hunger, and prospective food intake with 100-mm VAS 
(Flint et al., 2000). The following questions were related 
to these scales: How hungry do you feel? (“not hungry 
at all” = 0 mm to “as hungry as I have ever been” = 100 
mm); how satisfied do you feel? (“completely empty” = 
0 mm to “cannot eat another bite” = 100 mm); how full 
do you feel? (“not full at all” = 0 mm to “totally full” = 
100 mm); and how much do you think you could eat? 
(“nothing at all” = 0 mm to “a large amount” = 100 mm). 
The subjects were asked to place a vertical mark on each 
scale, somewhere between 0 mm and 100 mm, extremes, 
and were not permitted to refer to their previous ratings 
when marking the scale. These scores were converted to 
continuous variables by measuring distance in millime-
ter from the far-left anchor of the scale. A validated com-
posite appetite score, as a global measure of satiety, was 
calculated using the following equation (Gonzalez-Anton 
et al., 2015): 

Composite appetite score = (Satiety + fullness + [100 – 
prospective food consumption] + [100 – hunger])/4. 

The single composite appetite score was used to ease data 
analyis and presentation.

Palatability assessment

Palatability of test meals was assessed in terms of appear-
ance, flavor, texture, and overall acceptability using 
9-point hedonic scale, with extremely dislike on one end 
and extremely like on the other (Meilgaard et al., 2007). 
The subjects were asked to mark a position on the scale, 
best matching their perception.

Gastrointestinal manifestations

Any gastrointestinal discomfort was evaluated using 
a validated questionnaire at 0 min (immediately prior 
to consumption of test meal) and at 30, 60, 90, and 120 
min after consumption of  test meal (Bovenschen et al., 
2006). Evaluated manifestations were the occurrence 
(none, mild, moderate, quite a lot, severe, very severe, 
and unbearable) of abdominal pain, heart burn, vomiting, 
and nausea.

Calculation and statistical analysis 

Incremental blood glucose and composite appetite score 
values for each test meal were calculated by subtract-
ing each subject’s fasting values from the value of each 

a commercial grinder. The control meal was prepared 
from white rice only (Kainat Super Kernel Basmati rice; 
Mehran Foods International, Pakistan). Fenugreek meal 
comprised cooked rice with addition of 2-g fenugreek 
seed powder whereas nigella meal comprised cooked 
white rice with 4-g nigella seed powder. Fenugreek and 
nigella seed powder used in the present study was cho-
sen from the results of a pilot consumer sensory evalu-
ation study (data not shown). The amount of each test 
meal served was calculated on the basis of providing 50 g 
available carbohydrates. Each portion of rice (raw weight: 
64 g) was cooked individually for 20 min using 130 mL of 
water. Salt (1 g) and oil (5 g) were added for taste during 
cooking. Fenugreek seed and nigella seed powder were 
added to the freshly cooked warm rice before serving to 
the subjects. The nutrient composition of test meals is 
given in Table 1.

Baseline measurements

Subjects’ weight, height, and waist circumference were 
measured using standard methods. Weight was measured 
using digital scale. The subjects were asked to remove 
heavy clothing, shoes and other unnecessary things. The 
height was measured using a stadiometer. Weight and 
height were used to calculate body mass index (BMI). 
Circumference of waist was measured midway between 
the lowest rib margin and iliac crest and recorded to the 
nearest 0.1 cm.

Blood glucose analysis 

The capillary blood samples were obtained by finger-
prick with the help of single-use lancet device. Before 
collecting the blood sample, the subjects were encour-
aged to warm their hands to increase blood flow. Accu-
check performa blood glucose analyzer (Roche Diabetes 
Care, Indianapolis, IN, USA) was used to measure blood 
glucose level. 

Table 1.  Nutrient composition of test meals.

Composition C F N

Total cooked weight (g) 190 192 194

Energy (g) 226.94 228.79 241.74

Av. CHO (g) 50 50 50

Protein (g) 4.29 4.55 5.11

Fats (g) 1.09 1.18 2.37

Dietary fiber (g) 0.26 0.52 0.67

Av. CHO: available carbohydrates; C: control meal; F: fenugreek 
meal; N: nigella meal.
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are shown in Figure 1. There was significant effect of time 
(p < 0.001), treatment (p = 0.037) and time-by-treatment 
interaction (p = 0.003) on blood glucose concentrations. 
Post hoc pair-wise comparison showed that the nigella 
meal resulted in significantly lower blood glucose con-
centration compared to control meal (p = 0.031). In order 
to investigate response to treatments in detail over time, 
the effect of treatment was determined at each time point 
by one-way repeated measure ANOVA. The nigella meal 
resulted in significantly lower blood glucose concentra-
tion at a time point of 30 min, compared to control meal 
(p = 0.022). In addition, there was a tendency for lowered 
blood glucose iAUC after the consumption of nigella 
meal, compared to control meal (p = 0.077).

Subjective appetite measures

The postprandial appetite response measured in terms 
of composite appetite score after the consumption of 
the test meals with the corresponding iAUCs are shown 
in Figure  2. A significant effect of time (p < 0.001) and 
treatment (p = 0.014) was observed but no effect of 

postprandial time point. The incremental values were 
then used to construct glucose and composite appe-
tite score response curves. Incremental areas under the 
curves (iAUCs) for blood glucose and composite appe-
tite score were calculated using the trapezoidal method, 
ignoring area below zero (incremental baseline value).

Statistical analysis was performed using the SPSS statis-
tical software version 16 (SPSS Inc. Chicago, IL, USA). 
Two-way repeated measures ANOVA was used to exam-
ine the effect of treatment, time, and time-by-treatment 
interaction on blood glucose, composite appetite score, 
and gastrointestinal manifestations. A statistically signif-
icant interaction was then followed by one-way repeated 
measures ANOVA, with Bonferroni adjustment for mul-
tiple comparisons to explain mean differences between 
treatments at each time point. The effect on blood glu-
cose and composite appetite score iAUCs were deter-
mined by one-way repeated measures ANOVA, followed 
by post hoc analysis with Benferroni adjustment for mul-
tiple comparisons. One-way repeated measures ANOVA 
with post hoc Benferroni test was used to determine any 
significant effect in the palatability parameters of test 
meals; p < 0.05 was considered as statistically significant.

Results

Subject characteristics

All subjects completed all three sessions of the study. 
Their baseline characteristics are shown in Table 2. 

Blood glucose response

The postprandial blood glucose responses after con-
sumption of test meals with the corresponding iAUCs 

Table 2.  Characteristics of study subjects (n = 16).*

Variable Values

M/F 8/8

Age (year) 22.6 ± 0.89

Weight (kg) 66.1 ± 12.5

Height (cm) 164.8 ± 10.6

Waist circumference (cm) 82.2 ± 11.8

BMI (kg/m2) 23.9 ± 3.2

Fasting plasma glucose (mg/dL) 91.01 ± 1.41

*Mean ± SD values. BMI: body mass index.
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Figure 1.  Mean (±SEM) changes from baseline in (A) plasma glucose and (B) iAUC in healthy subjects (n = 16) after consump-
tion of test meals (C: control meal; F: fenugreek meal; N: nigella meal). Values with different superscript letters are significantly 
different at each time point: two-way repeated measure ANOVA, followed by one-way repeated measure ANOVA, and Bonferroni 
adjustment (p < 0.05). Vertical bars are not significantly different, p < 0.05 (one-way repeated ANOVA with post hoc Bonferroni).
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Figure 2.  Mean (±SEM) changes from baseline in (A) composite appetite score with (B) corresponding iAUC in healthy sub-
jects (n = 16) after the consumption of test meals (C: control meal; F: fenugreek meal; N: nigella meal). Values with differ-
ent superscript letters are significantly different at each time point: two-way repeated measure ANOVA, followed by one-way 
repeated measure ANOVA, Bonferroni adjustment (p < 0.05). Vertical bars with different letters are significantly different, p < 0.05 
(one-way repeated ANOVA, Bonferroni adjustment).

time-by-treatment interaction (p = 0.098) on composite 
appetite score was discovered. The nigella meal resulted 
in significantly increased composite appetite score 
responses at 30 and 90 min (p = 0.035 and 0.018, respec-
tively), compared to control meal. In addition, a signif-
icant increase in composite appetite score iAUC was 
observed after the consumption of nigella meal, com-
pared to control meal (p = 0.026).

Palatability of test meals

Palatability characteristics of test meals are shown in 
Table 3. No significant differences between test meals 
were observed in terms of appearance, texture, flavor, 
and overall acceptance (p > 0.05).

Gastrointestinal manifestations

No significant difference between test meals was 
observed in terms of gastrointestinal manifestations, 
including abdominal pain, heartburn, vomiting, and 
nausea (p > 0.05) (data not shown). 

Discussion

The present study reported the effect of fenugreek and 
nigella seed powder added to cooked white rice on post-
prandial glycemia, subjective appetite, palatability, and 
gastrointestinal manifestations in healthy subjects. It was 
hypothesized that the addition of fenugreek and Nigella 
sativa in powder form to cooked rice would decrease 
postprandial glycemia and increase satiety with no 
effect on palatability and gastrointestinal manifestations. 
However, the hypothesis was true in the case of nigella 
meal only. The results showed that nigella meal, but not 
fenugreek meal, significantly reduced postprandial glyce-
mia and increased satiety compared to control meal.

The effects of Nigella sativa on blood glucose was pre-
viously reported in diabetic subjects (Mahdavi et al., 
2016). However, to the best of our knowledge, this is 
the first reported study that demonstrated the effect of 
Nigella sativa added to rice on blood glucose in healthy 
subjects. Although the exact mechanism responsible 
for decrease in blood glucose concentration after the 
consumption of nigella meal is not clear, many possi-
ble mechanisms are responsible for this lowered blood 

Table 3.  Palatability parameters of test meals.*

Test meal Appearance Texture Flavor Overall acceptance

C 7.31 ± 0.52 7.94 ± 0.59 7.19 ± 0.50 7.38 ± 0.46

F 6.25 ± 0.45 6.19 ± 0.49 6.06 ± 0.65 5.94 ± 0.54

N 6.06 ± 0.21 6.18 ± 0.28 6.31 ± 0.31 6.56 ± 0.35

*Mean ± SEM values (n = 16). Values are not significantly different between test meals for any of  the palatability parameters (p < 0.05), one-way 
repeated (ANOVA), and Bonferroni adjustment. Values are scored on 9-point hedonic scale, where 9 = like extremely, 8 = like very much, 7 = like 
moderately, 6 = like slightly, 5 = neither like nor dislike, 4 = dislike slightly, 3 = dislike moderately, 2 = dislike very much, and 1 = dislike extremely.  
C: control meal; F: fenugreek meal; N: nigella meal. 
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postprandial glycemia and appetite in rice while main-
taining palatability of meals.

The present study had some limitations: parameters, 
such as gastric emptying rate, objective food intake from 
an ad libitum lunch, insulin levels, and appetite regula-
tory hormones, were not measured and as such should 
be investigated in future studies. 

Conclusion

The addition of Nigella sativa powder, but not fenugreek, 
to white rice reduced its glycemic effect and increased 
satiety, compared to control rice. All test meals were 
equally palatable and no gastrointestinal discomfort was 
reported with consumption of any meal. The results of the 
present research have practical implications for reducing 
glycemic response and enhancing the satiety effect of 
white rice, particularly in the areas where it is consumed 
as a staple food. Moreover, the results of this study could 
also be used as a reference in future studies regarding the 
beneficial effects of adding fenugreek and Nigella sativa 
to different foods on biomarkers of diabetes, obesity, and 
CVD in healthy, diabetic, or obese subjects.
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glucose. It has been shown that Nigella sativa could 
decrease intestinal glucose absorption by inhibiting 
sodium-dependent glucose transport in vitro (Meddah 
et al., 2009). Moreover, it was proposed that the sup-
pressive effects of Nigella sativa on glucose absorption 
could be due to its polyphenols (Heshmati et al., 2015). 
Reduced blood glucose observed after consumption 
of nigella meal could be partly due to the inhibition of 
α-amylase and α-glycosidase enzyme activities, as it was 
demonstrated in vitro that Nigella sativa had this inhibi-
tory potential (Amutha and Godavari, 2016; Sobhi et al., 
2016).

Reduced appetite observed after consuming nigella 
meal in the present study was consistent with a recent 
randomized, double-blind, placebo-controlled study, 
in which Nigella sativa oil was shown to reduce appe-
tite and energy intake throughout the study in diabetic 
subjects (Heshmati et al., 2015). In another randomized, 
double-blind controlled study, the intervention group 
(consuming Nigella sativa in the form of capsules) had 
reduced appetite and a significant reduced food intake, 
compared to the control group (Qidwai et al., 2009). 
Similarly, in an animal study, the petroleum ether extract 
of Nigella sativa reduced appetite and caused a 25% 
reduction in food intake in normal mice (Le et al., 2004). 
Moreover, the consumption of fortified Nigella sativa 
bread with high protein diets decreased feed intake and 
body weight in diabetic mice (Mahmoud, 2013). Active 
components and physiological mechanism of Nigella 
sativa responsible for reducing appetite are not reported 
yet, and therefore future studies must identify its active 
components and their mechanisms responsible for 
reducing appetite. 

Contrary to the hypothesis of the present study, no signif-
icant effect of fenugreek meal was observed on postpran-
dial glycemia and appetite. In a recent study conducted in 
overweight and obese subjects, 2 g of fenugreek powder 
added to white bread and jam (providing 50 g available 
carbohydrates) also showed no effect on postprandial 
glycemia. However, when the dose was increased to 
5.5  g, a significant reduction in postprandial glycemia 
and appetite was observed, but this dose caused bitter 
taste (Robert et al., 2014). In another study, a dose of 5 g 
but not 2.5 g of fenugreek seeds significantly decreased 
postprandial blood glucose in diabetic subjects, com-
pared to control subjects (Bawadi et al., 2009). According 
to a meta-analysis, only medium to high doses (range: 
5–100  g) of fenugreek seed powder were responsible 
for significant reduction in blood glucose (Neelakantan 
et al., 2014). Based on the results of the above-mentioned 
studies, a low dose (2 g) of fenugreek used in the pres-
ent study could be one of the possible reasons for not 
reduced blood glucose concentration. Future studies are 
needed to study the effect of high doses of fenugreek on 
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