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Abstract

Food products made from low-glycemic index (GI) raw materials need to be
modified to ensure they can still contribute to the nutritional adequacy of people
with diabetes. This study aimed to investigate the efficacy of popcorn produced
from different corn species on glucose concentration and oxidative stress in
diabetic rats. Thirty rats were divided into two main groups: The first main
group (n=6) was fed a basal diet only and kept as a control negative group (-ve),
The second main group (n=24 diabetic rats) were injected by a single intra-
peritoneal of freshly prepared STZ (60 mg/kg BW), which were further divided
into 4 subgroups (6 rats each): Subgroup (1): diabetic rats fed on a basal diet as
a positive control group. Subgroups (2- 4): diabetic rats fed on a basal diet
supplemented with popcorn made from yellow corn, Balady corn, or hybrid
corn, at the level of 10%, respectively. The results showed that popcorn made
from different corn species increased (P<0.05) the final body weight, feed
intake, and body weight gain% values when compared to the positive control
rats. Moreover, rats treated with popcorn produced from different corn species
showed a significant increase (p<0.05) in insulin concentration, lower glucose
levels, and increase in the level of antioxidant enzymes as well as improving
liver functions. The findings indicated that popcorn made from various corn
species may have a therapeutic role in improving the oxidative stress as well as
managing diabetes complications.
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INTRODUCTION

Diabetes mellitus (DM) is a chronic, progressive metabolic disorder
characterized by abnormally elevated blood glucose levels, leading to
multisystem organ damage. The global prevalence of diabetes has been steadily
rising, with estimates indicating that the number of affected individuals will
increase from 537 million in 2021 to 783 million (12.2% of the global
population) by 2045 (Sun et al., 2022). This alarming trend is of significant
concern, as diabetes is associated with an increased risk of morbidity and
mortality, particularly due to the increased risk of cardiovascular disease, which
accounts for nearly 75% of diabetes-related deaths (Leon and Maddox, 2015).

Hyperglycaemia produces an increase in free radicals in cells, which can lead to
oxidative stress and the formation of Reactive Oxygen Species (ROS) or
Reactive Nitrogen Species (RNS). This oxidative stress hastens the onset and
progression of diabetes (Gonzélez et al., 2023). Diet therapy, especially, is
showing a bright future in the therapy of DM. In particular, the commonly
consumed cereal grains have been reported to possess antidiabetic properties.
There are a variety of grains and grain products that can be beneficial in
lowering glucose and insulin responses. The synergistic effect of several
wholegrains and wholegrain components such as dietary fiber, phytochemicals,
vitamin E, Mg, or others may reduce the risk for type 2 diabetes mellitus
(T2DM) (Lillioja et al., 2013). As a result, the development of food products
made from low-glycemic index (GI) raw materials, such as modified maize,
could contribute to improving the nutritional adequacy for people living with
diabetes (Gonzélez et al., 2023).
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Maize, also commonly referred to as corn (Zea mays, L.), is a major annual
cereal grain crop belonging to the Poaceae family. Maize is known by various
regional names, such as zea, silk maize, Makka, and barajovar, among others. It
is regarded as a staple food in many parts of the world and is the third most
important crop globally, following rice and wheat (Khater and Shalan, 2022).
Nutritionists frequently regard snack foods as unhealthy due to their high sugar
and fat content. While this assessment holds true for many snack options, some
snacks can offer nutritional value beyond simply filling the gap between meals.
Studies have linked snacking to better overall diet quality and increased
consumption of whole grains in adults (Zizza and Xu, 2012). For instance,
popcorn is a popular whole grain snack that can serve as a healthier alternative
to potato chips and other calorie-dense snacks (Burgess-Champoux et al.,
2010).

Popcorn is a diverse and nutritious snack, providing dietary fiber, protein, and
B-complex vitamins (Donkeun et al., 2000). Some research has indicated that
the antioxidant activity of corn may be affected by the release of additional
phenolic compounds and the destruction or synthesis of redox-active
metabolites during cooking (Ruiz-Rodriguez et al., 2008). Moreover, studies
have found an inverse relationship between whole grain intake and the risk of
type 2 diabetes, which could be attributed to the effects of cereal fiber or other
bioactive compounds in whole grains and whole grain products, such as
lignans, tocotrienols, and phytic acids (Montonen et al., 2003). So that, the
present study was conducted to investigate the efficacy of popcorn produced
from different corn varieties on blood glucose levels and oxidative stress in

diabetic rats.
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Materials and methods

Materials: Different Corn Species were obtained from the Agriculture
Research Center. Casein, vitamins, minerals, cellulose and Alloxan were
purchased from El-Gomhoria Company, Cairo, Egypt. Kits for blood analysis
were purchased from Alkan Company for Biodiagnostic Reagents, Dokki,
Cairo, Egypt. Adult male rats (Sprague Dawley strain) (n=30 rats) weighing
approximately (190 g.) were purchased from Helwan Farm, Ministry of Health
and Population, Cairo, Egypt.

Methods

Chemical composition: The gross chemical composition of Corn and their
mineral content were determined according to the official methods (AOAC,
2019).

Induction of Animal Model of Diabetes: Diabetes was induced by a single
intraperitoneal injection of freshly prepared (STZ) (60 mg/kg BW) of rat. Three
days later, random blood. Random blood samples were taken from the eye of
rats, then the level of the blood glucose was assessed and the glucose level >250
mg/dl was considered as diabetic (Sarkar et al., 1996).

Preparation of corn powdered: Popcorn was made from different corn species
(yellow, Balady, hybrid), then the popcorn was ground and placed in the diet.
The Biological study: This study was carried out at the Postgraduate Lab of
Home Economic Faculty, Helwan University. Thirty-five adult male Sprague-
Dawley rats were fed on standard diet for one week for adaptation. Rats then
were randomly divided into two main groups as follow:

* The first main group (n= 6) were fed on basal diet only and served as a
control negative group (-ve). The second main group " diabetic rats" (n=24)
were fed on basal diet and were divided into four subgroups as follow: The first
subgroup was fed on basal diet and served as positive control group (+ve). The
subgroups from (2 — 4) were fed on basal diet supplemented with popcorn
produced from yellow corn, balady corn, hybrid corn at the level of 10%,
respectively.

All rats were observed each day. Their feed intake (FI) was determined daily,
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and body weights were obtained every week throughout the experimental
period. Body weight gain (BWG%) and feed efficiency ratio (FER) were
calculated according to the method of (Chapman et al., 1959) using the
following equation:

BWG % = (Final weight-Initial weight)/(Initial weight) x 100

FER = Body weight gain (g/d) / Feed intake (g/d)

Biochemical analysis: Serum was analyzed to determine the following
parameters: Glucose concentation was determined according to (Asatoor and
King, 1954). Insulin activity was estimated using enzyme linked
immunosorbent assay ELISA method as described by (Clark and Hales, 1994).
Serum total cholesterol (TC) was determined according to (Richmond, 1973),
serum triglycerides (TG) was determined according to (Wahlefeld, 1974), high
density lipoproteins (HDL-c) was determined according to (Albers et al.,
1983), the concentrations of very low-density lipoproteins (VLDL-c) and low-
density lipoproteins (LDL-c) were estimated according to the method described
by (Friedewald et al., 1972).

LDL-c = Total cholesterol — (HDL-c + VLDL-c); VLDL-c = Triglyceride / 5
Antioxidant enzymes: Serum catalase (CAT) was determined according to
(Hissin and Hilf, 1976), serum Malondialdehyde (MDA) was determined
according to (Draper and Hadley, 1990).

Statistical analysis: The obtained results were analyzed according to SPSS
program. Results are expressed as mean + standard error (SE). ANOVA
(Analysis of Variance) test was used to compare results among different groups.
All differences were considered significant if (P<0.05).

Results and discussion:

The chemical composition of various corn varieties, including moisture,
carbohydrates, fiber, ash, protein, and minerals such as phosphorus (P) sodium
(Na), calcium (Ca), magnesium (Mg), potassium (K), and iron (Fe) were
recorded at Table (1). The results revealed that moisture levels in the corn

samples ranged from 10.50% to 11.50%. Ash content, which reflects mineral
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composition, ranged from 1.50% to 2.90%. The crude fiber levels ranged from
2.20% to 2.90%, and the crude protein levels ranged from 10.10% to 12.30%.
Fiber is an important nutritional component of whole grains, contributing to
their health benefits (Nirmala and Iris, 2020). In terms of mineral content, the
corn varieties were found to be particularly rich in key nutrients like potassium,
magnesium, calcium, and phosphorus. These minerals play crucial roles in
supporting bone development, energy metabolism, and muscle/nerve function.
The diversity observed in the chemical profiles of the different corn varieties is
likely attributable to factors such as genetics, growing conditions, and post-
harvest processing methods. This variability in nutritional composition could
consequently impact the functional and health-promoting properties of the corn
samples (Culetu et al., 2023).

Table (1): Chemical composition different corn species.

Nutrients Unit Yellow Corn Balady Corn Hybrid
Corn
Moisture 11.50 11.1 10.50
Carbohydrate 72.30 73.3 73.2
Crude fiber = 2.2 2.6 2.9
Protein § 12.30 10.1 11.9
Ash > 1.7 2.9 15
P 290.6 267.8 275.4
K 314.8 317.7 318.6
Ca g 46.3 463 463
Mg % 105.9 101.2 103.7
Na £ 55.2 54.4 51.6

The results presented in Table (2) illustrate the effect of popcorn produced
from different corn species on body weight status in diabetic adult male
rats. There was no significant difference in the mean of IBW among all the rat
groups. A significant (p<0.05) decrease in the FBW was observed in the control

positive group as compared to the control negative group. Regarding the effect
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of popcorn from different corn species, rats fed popcorn from yellow corn had
the highest FBW (233.57 g), followed by those fed on popcorn from Balady
corn, while rats fed popcorn from hybrid corn had the lowest FBW (224.65 Q).

Similarly, there was a significant decrease in BWG% in the control positive
group compared to the control negative group. Rats fed popcorn from yellow
corn had the highest BWG% (11.05%), followed by those fed popcorn from
Balady corn, while rats fed popcorn from hybrid corn had the lowest BWG%
(6.31%). FI was decreased in the control positive group compared to the control
negative group. Rats fed popcorn from yellow corn had the highest FI (15.00 g),
followed by those fed popcorn from Balady corn (14.70 g), while rats fed
popcorn from hybrid corn had the lowest FI (14.30 g). FER also decreased in
the control positive group compared to the control negative group. Rats fed
popcorn from yellow corn and Balady corn had the highest FER (0.03 g), while
rats fed popcorn from hybrid corn had the lowest FER (0.02 g).

Changes in food and nutritional status have a strong influence on body weight,
which is a frequently used anthropometric measurement for assessing
nutritional status (Diaz-Canul et al., 2021). Insulin deficiency in diabetics is
known to disrupt protein and fat metabolism, leading to weight loss (Huang et
al., 2022). The weight gain observed in this study agrees with the previous
report of Adeyibi et al., (2021), who recorded a positive weight gain from a
blend of cereals and legumes. Protein is required for building and maintaining
muscle, which contributes to weight gain (Igbua et al., 2024). The weight
performance exhibited by rats in the present study is in line with the earlier
report of Bintu et al., (2017). The FER recorded in the current study was lower
than the feed conversion ratio (FCR) values observed by Shiriki et al., (2015)
and Anaemene, (2021). High FCR is not a desirable quality for both animals
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and feed, while low FCR values indicate that the feed is efficiently converted
into rat weight gain (Cottle and Pitchford, 2014).

Table 2: The effect of the popcorn produced from different corn species on
body weight status in diabetic adult male rats

rameters BWG FI

Groups IBW (0) FBW (0) % (g/d/rat) FER
Control negative 2026;?221 253.83 + 1.067 212'77;13 18.00 06006054;—'
Control positive 2019'158‘11“—“ 219.87 + 1.50¢ %%%f 13.00 Odo(foolf
Popcorn (Yellow Corn) 2100525; * 123357+ 1.75° 111'25’5 15.00 060030315
Popcorn (Balady Corn) 2019579?; * | 231.32£2.16° 1?'2385 14.70 0600%1705

. 21137 + | 631z 0.023*
Popcorn (Hybrid Corn) 2 012 224.65 + 2.48 1570 14.30 0.005¢

Results are expressed as mean + SE. Means with different superscript letters in
the same column are significantly different at (P<0.05).

The results presented in Table 3 illustrate the effect of popcorn made from
different corn varieties on the lipid profile (TC,TG,HDL,VLDL, and LDL) in
diabetic adult male rats. The injection with streptozotocin (STZ) resulted in an
elevation of the overall lipid profile in the diabetic rats. These findings are
consistent with a previous study by Negm (2020), which observed a significant
(p<0.05) increase in lipid profile levels in the STZ-induced diabetic group
compared to the negative control group.

The results showed that the diabetic rats fed on popcorn made from Yellow
corn had the lowest TC value at 175.62 mg/dL, followed by those fed popcorn
made from Balady corn at 188.17 mg/dL. Similarly, Diabetic rats fed on
popcorn made from yellow corn had the lowest TG value at 117.22 mg/dL.

These results indicate that the type of corn used to produce the popcorn
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influenced the lipid profile in the diabetic rats, with hybrid corn resulting in the
highest TC and TG levels, while yellow corn resulted in the lowest levels.

There was a significant decrease in serum HDL-c for the control positive group
compared to the control negative group. Rats fed on popcorn produced from
yellow corn displayed the highest value of HDL-c (54.77 mg/dl), followed by
rats fed on popcorn produced from Balady corn (42.86mg/dl), whereas rats fed
on popcorn produced from hybrid corn displayed the lowest value of HDL-c
(37.90 mg/dl). There was a significant increase in VLDL-c for the control
positive group compared to the control negative group. Rats fed on popcorn
produced from Balady corn displayed the highest value of VLDL (28.34mg/dl),
followed by rats fed on popcorn produced from yellow corn (26.72 mg/dl),
whereas rats fed on popcorn produced from hybrid corn displayed the lowest
value of VLDL-c (23.44mg/dl).

There was a significant increase in LDL-c for the control positive group
compared to the control negative group. Rats fed on popcorn produced from
Balady corn displayed the highest value of LDL-c (116.96 mg/dl), followed by
rats fed on popcorn produced from hybrid corn (141.72 mg/dl), whereas rats fed
on popcorn produced from yellow corn displayed the lowest value of LDL-c
(94.13 mg/dl). These findings were in accordance previous findings of Hu et
al., (2008) who showed a reduction in serum cholesterol levels when compared
to those fed the control diet, when corn or corn products were added to the
atherogenic diet in Sprague-Dawley rats over a six-week period. High-whole-
grain diets are associated with reduced blood TAG, total and LDL cholesterol,
inflammatory markers, and increased plasma or serum enter lactone, as well as
improved BMI and insulin sensitivity. The methods by which whole-grain
cereals protect the gut and help prevent obesity, diabetes, cardiovascular

disease, and cancer Newby et al., (2007). These findings support those of
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Ludvik et al., (2004), who suggest that HDL-c role in reverse cholesterol
transport makes it a protective factor against atherosclerosis. HDL-c stimulates
lipoprotein lipase, which is involved in the metabolism of triglyceride-rich
lipoprotein. Also, Jaleel et al., (2005) discovered that higher lipid marker
activity is linked to insulin resistance, metabolic disorder, and type 2 diabetes
mellitus, as well as the therapeutic benefits of sweet potato methanol extract in

diabetic rats.

Table 3 : The effect of the popcorn produced from different corn species on
lipid picture in diabetic adult male rats.

Parameters TC TG HDL-c | VLDL-c | LDL-c

Groups (mg/dl)

112,72+ | 66.00 63.07 13.20 36.45

Control negative 1.65¢ £206° | +117° | +041¢ | +2.00°

22056 + | 153.35+ | 29.21 30.67 160.67

Control positive 1362 1.942 +0.59¢ +0.38% | +1.18?

175.62 + | 117.22 + | 54.77 26.72 94.13

Popcorn (Yellow Corn) | "5 2ea™ | "53¢ | £1420 | +038 | +2.82°

188.17 + | 133.60 + | 42.86 28.34 116.96

Popcorn (Balady Corn) | ™, cec™ | "1g0c | 1156° | +045° | +3.21°

203.06 + | 141.74+ | 37.90 23.44 141.72

Popcorn (Hybrid Corn) | =% ap™ | 5580 | +0080 | +058 | +6.13°

Results are expressed as mean + SE. Means with different superscript letters in
the same column are significantly different at (P<0.05).

Adamu et al., (2008) stated that after 45 days of feeding, the concentrations of
VLDL and LDL for control groups were lower (P< 0.05) than that of corn
grains group. Similarly, there were significant differences between all groups
for values of VLDL and LDL after 91 days of study. Any significant alteration

of lipids in their plasma levels could lead to a variety of clinical disorders in the
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affected animals. Khater and Shalan, (2022) indicated that eating powder
popcorn, roasted corn, or their mixture increased HDL-c significantly (P<0.05).

The effect of the popcorn produced from different corn species on glucose, and
insulin concentrations in diabetic adult male rats was displayed at Table (4).
There was a significant increase (P<0.05) in glucose for the control positive
group compared to the control negative group. Rats fed on popcorn produced
from yellow corn displayed the lowest value of glucose (198.46mg/dl) followed
by popcorn from balady, then hybrid corn. There is a significant differences in

glucose level among the three different popcorn.

There was a significant decrease in insulin for the control positive group
compared to the control negative group. Rats fed on popcorn produced from
yellow corn displayed the highest value of insulin (13.21 miU/ml), followed by
rats fed on popcorn produced from Balady corn (11.30 mlU/ml), whereas rats
fed on popcorn produced from hybrid corn displayed the lowest value of insulin
(10.59 mIU/ml). There was a significant difference in insulin concentration
between rats fed on popcorn from yellow corn and either popcorn produced
from balady or hybrid corn. Accordingly, this is consistent with previous
studies, demonstrating that the STZ-induced diabetes in the rodent is known as
the standard model of diabetes induction (Negm, 2020). This carbohydrate
released as glucose functionally provides cells, tissues and organs with energy
and then stored as glycogen in the liver and muscles Akinjayeju et al., (2020).
The improper carbohydrate metabolism result to diabetes mellitus, which is
caused by lack of or resistance to insulin leading to hypoglycemia or
hyperglycemia. The decrease in the glucose levels is in agreement with

Oluwajuyitan and ljarotimi, (2019) whoreported that plantain flour-based
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product manages diabetes, reduces the blood glucose level and lower starch
digestion rate in the body. Famakin et al., (2016) reported lower glycemic
index and blood glucose level of rats fed composite flour when compared to
synthetic antidiabetic drugs. These findings are consistent with those of Yamini
and Trumbo, (2016) who concluded that consumption of whole grains is
linked to a lower incidence of type 2 diabetes in various recent reviews and

epidemiology studies.

Whole grains contain dietary magnesium, fiber, and vitamin E, all of which aid
in insulin metabolism. Van Hung, (2016), who reported that eating whole
grains like popcorn can lower the risk of diabetes, heart disease, and
hypertension due to it is contain many active compounds. It is critical, however,
that the entire kernel be eaten. Despite accounting for only 15-20 percent of the
overall weight of the popcorn kernel, the pericarp contains around 98 percent of
the phenolic and antioxidant content. Regular ingestion of several compounds
found in whole grains, according to Slavin, (2004), may help manage insulin
levels. Furthermore, complete grains like maize and its derivatives (popcorn
and roasted corn) may help manage insulin levels by releasing satiety and
lowering body mass index (BMI). Khater and Shalan, (2022) indicated that
eating powder popcorn, roasted corn, or their mixture improved serum glucose.
This lower postprandial blood glucose level may also be due to the inhibition of
glucose, digestion of starch and absorption process of alpha- glucosidase as
reported by Inoue et al., (2022). It is interestingly to know that, the
postprandial blood glucose response of all the experimental groups were
within the normal range hence does not have any negative effect for whoever

may consume the formulated diet (Igbua, et al., 2024).
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Table 4: The effect of the popcorn produced from different corn species on
blood picture in diabetic adult male rats.

rameters Insulin
Groups Glucose (mg/dl) (mIu/mi)
control negative 96.98 + 2.58° 18.98 £ 0.67¢
control positive 265.97 + 2.152 6.71 +0.21¢
Popcorn (Yellow Corn) 198.46 + 2.80¢ 13.21 +0.35"
Popcorn (Balady Corn) 208.62 + 1.37¢ 11.30 £ 0.30°
Popcorn (Hybrid Corn) 228.30 + 3.03° 10.59 + 0.16°

Results are expressed as mean £ SE. Means with different superscript letters in
the same column are significantly different at (P<0.05).

Results recorded in Table 5 illustrated the effect of the popcorn produced from
different corn species on MDA, and CAT in diabetic adult male rats. There was
a significant increase in MDA for the control positive group compared to the
control negative group. In many studies, Oxidative stress has been
demonstrated to participate in the progression of diabetes, which plays an
important role in diabetes, including impairment of insulin action and the

increased complication incidence rate (Asmat et al., 2016).

Supplementation with different popcorn significantly decreased the mean value
of MDA as compared to the +ve control group. Popcorn produced from yellow
corn displayed the lowest value of MDA (4.94(/ml)) followed by balady then
hybrid corn. There was a significant decrease in CAT for the control positive
group compared to the control negative group. Popcorn produced from different
types of corn caused a significant increase in CAT as compared to the +ve
control group. Rats fed on popcorn produced from yellow corn displayed the
highest value of CAT (116.77 (/ml)), followed by rats fed on popcorn
produced from Balady corn (104.54 (w/ml)), whereas rats fed on popcorn
produced from hybrid corn displayed the lowest value of CAT (92.42(u/ml)) .
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Hyperglycemia causes an increase in free radicals in cells, which can be toxic in
excess, encouraging oxidative stress and the formation of reactive oxygen
species (ROS) as well as reactive nitrogen species (RNS) (Nagaraju et al.,
2020). Streptozotocin, a diabetogenic, can produce reactive oxygen, which,
when induced in model animals, can result in increased levels of ROS. This
oxidative stress exacerbates the progression and complications of diabetes
(Ogle et al., 2022). As levels of free radicals increase, so does peroxidation of
cell membrane lipids and production of MDA, one of the final products of
peroxidation. Corn as an antioxidant, beta-carotene can protect beta-pancreatic
cells from the cytotoxicity caused by oxidative stress in DM (Ermawati et al.,
2014). According to Furusho et al. (2002), supplementation with beta-carotene
at 20 mg/kg body weight significantly reduced the levels of ROS and increased
the levels of antioxidant enzymes in diabetic rats. The antioxidant activity of
beta-carotene has been shown to occur indirectly through the maintenance of
cell membrane integrity against free radical attacks (Khalil et al., 2021).
Magafia-Cerino et al., (2020) showed that consumption of nixtamal from a
new variety of hybrid blue maize ameliorates liver oxidative stress and

inflammation in a high-fat diet rat model.

Table 5: The effect of the popcorn produced from different corn species on
MDA and CAT in diabetic adult male rats:

ameters

Groups MDA(/ml) CAT(W/ml)
control negative 3.40 +0.15¢ 128.50 + 1.21°
control positive 8.09 + 0.192 55.73 +2.11°

Popcorn (Yellow Corn) 4,94 +0.11° 116.77 + 2.34°
Popcorn (Balady Corn) 5.33+0.12° 104.54 + 2.20°
Popcorn (Hybrid Corn) 6.17 +0.14° 92.42 +1.81¢
Results are expressed as mean + SE. Means with different superscript letters in
the same column are significantly different at (P<0.05).
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There was a significant increase in liver functions concentrations for the control
positive group compared to the control negative group as seen in table (6).
These results agreement Negm, (2020) observed that the activities of serum
AST and ALT were significantly increased (P<0.05) in the diabetic control
group injected with STZ, compared with the corresponding value of normal
control group. In contract, Rats fed on popcorn produced from different corn
had a significant decrease in serum liver functions as compared to the +ve
control group. Popcorn produced from Yellow corn caused the most
improvement in liver functions. This evidence agrees with the findings
Marchesini et al., (2001), who showed that the enzyme level of transaminases
elevated in diabetic rats. Khater and Shalan, (2022) indicated that eating
powder popcorn, roasted corn, or their mixture improved Kidney and liver
functions by lowering ALT, AST, and ALP.

Table 6: The effect of the popcorn produced from different corn species on
liver function in diabetic adult male rats:

Parameters ALT | AST | ALP
Groups (WL)
Control negative 33.09+1.46° | 90.51+2.69% | 68.32+2.63¢
Control positive 81.40+1.68% | 141.17 +1.15* | 116.21 + 2.36°

Popcorn (Yellow Corn) | 54.64+2.20° | 117.24+2.32° | 81.32+1.59°

Popcorn (Balady Corn) | 67.97 £1.42° | 122.90+1.70° | 92.15+ 1.55°

Popcorn (Hybrid Corn) | 72.00 +1.40° | 133.02+2.43" | 9574+ 1.75"

Results are expressed as mean + SE. Means with different superscript letters in
the same column are significantly different at (P<0.05).
Conclusion: This study found that eating popcorn made from various corn

varieties can significantly reduce oxidative stress and improve metabolic

outcomes in diabetic rats.
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