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This study aimed to evaluate the effect of sorghum intake on body composition and metabolic variables in
overweight men. In a randomized controlled crossover study, 24 overweight men (25.6 * 4.6 years) were
randomly allocated into one of two treatments: extruded sorghum or extruded wheat. The study consisted of 2
periods of 8 weeks with at least 4 weeks of washout. Anthropometric, clinical and metabolic risk variables were
assessed at baseline and at the end of each intervention period. Extruded sorghum consumption reduced body fat
percentage and increased daily carbohydrate and dietary fiber intake when compared to wheat consumption.

Also, sorghum increased the serum glutathione peroxidase concentration, but no difference was observed when
compared to wheat consumption. Extruded sorghum demonstrated to be a good alternative to control obesity in

overweight men.

1. Introduction

Obesity is a worldwide public health problem because of its high
prevalence. > 1.9 billion adults were overweight and over 600 million
were obese in 2014 (World Health Organization, 2016). The excessive
accumulation of visceral fat is related with low-grade inflammation and
oxidative stress (Matsuda & Shimomura, 2013). Oxidative stress, an
imbalance between the generation of free radical such as reactive
oxygen/nitrogen species and the antioxidant defenses, is associated
with the manifestation of obesity, diabetes and cardiovascular diseases
(Khan, Yousif, Johnson, & Gamlath, 2015; Lee, Han, Song, & Yeum,
2015). Free radicals may react with some biomolecules, including li-
pids, carbohydrates, proteins, and nucleic acids, thereby interfering
with cell function (Erciyas, Taneli, Arslan, & Uslu, 2004). Our cells are
protected against the harmful effects of reactive oxygen species by
antioxidant enzymes (e.g., superoxide dismutase, glutathione perox-
idase and catalase) and other antioxidant substances (e.g., vitamin C,
vitamin E, vitamin A, carotenoids and glutathione) (Matsuda &

Shimomura, 2013).

Dietary restriction represents the most conventional treatment for
overweight and obesity (World Health Organization, 2000). Con-
sumption of whole grains contributes to reducing the risks of obesity-
related comorbidities (Farrar, Hartle, Hargrove, & Greenspan, 2008).
Phytochemicals present in cereals, such as phenolic compounds, act to
protect the body against oxidative stress and its effects, due to its an-
tioxidant properties (Taylor, Belton, Beta, & Duodu, 2014). Among
these cereals, sorghum has stood out because its higher phytochemical
content compared to wheat (Anunciacdo et al., 2017), one of the major
cereals produced and consumed in Brazil. Our group has previously
conducted sorghum (Sorghum bicolor L.) characterization studies
(Anunciacao et al., 2017; Cardoso et al., 2015a; Cardoso et al., 2015b;
Lopes et al., 2018) and verified that sorghum, especially the SC319
genotype, stands out as an excellent source of bioactive compounds
including flavonoids, tannins, anthocyanins, vitamin E and carotenoids,
which contribute to its high antioxidant capacity. Whole-grain wheat
breakfast cereal is also a good source of vitamin E and phenolic
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Table 1
Nutrient and bioactive compounds content in test meals.
Preparations Sorghum breakfast Wheat breakfast Sorghum breakfast Wheat breakfast Sorghum Wheat
cereal + milk cereal + milk cereal + yoghurt cereal + yoghurt drink drink
Ingredients (g/serving)’
Extruded sorghum (g) 40 - 40 - 40 -
Extruded wheat (g) - 38 - 38 - 38
Milk (mL) 100 100 - - - -
Yoghurt (mL) - - 185 185 - -
Powdered skim milk (g) - - - - 25 25
Powdered drink (g) - - - - 2 2
Sweetener (mL) - - - - 0.05 0.05
Chemical composition
Energy (Kcal)? 176.39 177.73 194.65 195.99 223.59 224.93
Total carbohydrates (g)* 34.94 36.16 37.34 38.56 41.94 43.16
Protein (g)* 7.63 7.76 9.80 9.93 12.43 12.56
Fat (g)° 0.68 0.23 0.68 0.23 0.68 0.23
Total dietary fiber (g)* 5.84 4.56 5.84 4.56 5.84 4.56
Soluble fiber (g)* 0.46 nd 0.46 nd 0.46 nd
Insoluble fiber (g)* 5.37 nd 5.37 nd 5.37 nd
Resistant starch (g) 1.18 nd 1.18 nd 1.18 nd
Total phenolic (mg GAE/g) 1.15 0.12 1.08 0.11 1.07 0.03
3-DXAs (ug/g) 7.64 0 4.71 0 4.20 0
Proanthocyanidins (ug Cat 0.40 nd 0.40 nd 0.40 nd

Eq.)

! Daily serving of sorghum breakfast cereal = 40 g; wheat breakfast cereal = 38 g; drinks = 250 mL. 3-DXAs: 3-desoxyanthocyanidins; nd: not determined.
2 Based on information obtained on the label of ingredients used to prepare the test meals.

compounds, contributing to its antioxidant capacity (Anunciacao et al.,
2017).

There is now an increased interest in using sorghum in human nu-
trition since is gluten-free (Pontieri et al., 2013) and is safe for celiac
patients (Ciacci et al., 2007) and due to other properties, such as slow
digestibility, cholesterol lowering, anti-inflammatory, anti-diabetes and
anti-cancer properties (Anunciacao et al., 2018; Dykes & Rooney, 2006;
Lopes et al., 2018; Moraes et al., 2012; Yang, Browning, & Awika,
2009). Additionally, our previous study demonstrated that extruded
sorghum (as breakfast cereal) has good acceptance and is a source of
bioactive compounds (Anunciacdo et al., 2017). Extrusion is an in-
dustrial cooking process that combines high pressure, heat and me-
chanical force in a short period of time, causing physical and chemical
changes to the food matrix (Chavez, Ascheri, Carvalho, Godoy, &
Pacheco, 2017). Expanded extrudes, such as snacks or breakfast cereal,
are very popular due to the fact that they are easy to consume. Fur-
thermore, extruded sorghum flour may be indicated for use in ready-to-
eat porridge or even for the preparation of drinks (Anunciacao et al.,
2018).

Consumption of foods containing sorghum flour as an ingredient has
the potential to enhanced antioxidant status and beneficially modulate
oxidative stress markers in humans (Khan et al., 2015; Lopes et al.,
2018). The activity of components isolated from sorghum against oxi-
dative stress has been demonstrated in vitro (Yang et al., 2009) and in
vivo (Moraes et al., 2018). In addition, we identified one study that
evaluated the acute effect of sorghum flour on oxidative stress markers
in healthy subjects (Khan et al., 2015). A study using the same sorghum
genotype verified that its consumption reduced the metabolic risk of
obesity associated with adiposity and inflammation in obese rats (Arbex
et al., 2018). These functional benefits are attributed to the phenolic
compounds of sorghum (Khan et al., 2015). However, studies about the
effect of chronic consumption of sorghum-based preparations on weight
loss and markers of oxidative stress in overweight humans are lacking.
We hypothesized that extruded sorghum consumption could reduce the
metabolic risk of obesity associated with adiposity in humans.

Thus, the present study aimed to evaluate the effect of sorghum
intake on body composition, serum levels of lipids and glucose, and
oxidative stress markers in overweight men during a weight loss nu-
tritional intervention.
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2. Methods
2.1. Subjects

Study participants were recruited through public advertisements.
Eligibility criteria included: male; age 18-40 years; body mass index
(BMI) 27.0-34.9 kg/m?; waist circumference = 90 cm; fasting capillary
blood glucose 70-99 mg/dL; capillary cholesterol < 240 mg/dL; capil-
lary triglycerides < 150 mg/dL; absence of food allergies, acute and
chronic diseases other than obesity. We included only men, since they
do not present hormonal changes as occur with women in the menstrual
period.

Individuals with acute diseases and/or eating disorders (lactose or
gluten intolerances) were not included. Other exclusion criteria were
the use of medications known to affect appetite, glycaemia, and energy
or lipid metabolism; alcohol consumers and/or smokers; use of dietary
fiber supplement; recent changes in body weight (< 5kg in the past
three months); no consumption of the test food for more than six days,
consecutive or no.

The study was approved by the Human Research Ethics Committee
of the Federal University of Vicosa, Brazil (CAAE:
13630513.0.0000.5153). All volunteers were informed about the ob-
jectives of the study and provided written informed consent. The study
presented a power (Mera, Thompson, & Prasad, 1998) of 80% to lead to
a 7.5% body fat reduction (o = 0.05, SD = 5.25).

2.2. Study design

This is a randomized controlled crossover 2 X 2, single blind, clin-
ical trial. Twenty-four subjects were randomly allocated into one of two
treatments, when extruded sorghum-based preparations (40 g/d) or
extruded wheat-based preparations (38g/d) were consumed for
breakfast for eight consecutive weeks. We used wheat as a control meal
since it is highly consumed by Brazilian population. In addition, the
whole-grain wheat is also rich in dietary fiber, vitamins and phenolic
compounds as described in Table 1. A 4-week washout period was in-
corporated between treatments in order to eliminate residuals effects
(carryover) of the first period.

Subjects consumed the test preparations (breakfast cereal or a
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drink) at breakfast daily in the laboratory. On weekends, the prepara-
tions were provided to volunteers to be ingested in their own homes.
For that, subjects received portions of each test preparation and a
measuring cup indicating the exact amount of water or milk to be added
(250 mL or 100 mL, respectively) to ensure appropriate dilution. The
volunteers were instructed to consume the entire amount of test food
provided.

Energy restriction (500 kcal/day) was based on the estimated en-
ergy requirement (EER) (Institute of Medicine, 2005), presuming an
individual weight loss of 2 kg/month. The dietary intervention for both
groups was conducted by nutritionists, and dietary prescription was
based on Dietary Reference Intakes (DRIs) (Institute of Medicine,
2005), considering the nutritional composition of the test preparations
provided during the study. Nutrient composition was calculated using
the Avanutri software (version 5.5i, Brazil) or considering food labels
information. Subjects received a replacement foods list organized by
food groups and guidelines regarding healthy food choices. They were
asked to maintain their customary physical activity level.

2.3. Test meal

The test meal was a breakfast cereal or a drink. Sorghum (test meal)
or wheat (control meal) breakfast cereals (Anunciacao et al., 2017)
were served with milk (100 mL) or yoghurt (185 mL). All volunteers
consumed milk or yoghurt for the same number of times. The drink was
prepared just before its consumption and consisted of water, extruded
sorghum or wheat flour, milk powder, powdered drink (Clight®, two
flavors: blackberry or peach) and sweetener (sucralose). These pre-
parations had similar calories, macronutrients and dietary fiber content
(Table 1).

The amount of sorghum consumed daily was based on a usual
portion of breakfast cereal (40 g) and on the volume of sorghum that
the subjects could ingest in a meal based on previous tests. The amount
of wheat was calculated to keep the same amount of milk or yoghurt
that was provided with the sorghum portion, and provide similar con-
centration of calories, macronutrient and dietary fiber with the sor-
ghum.

2.4. Dietary intake assessment

Before and after each intervention period, participants provided a 3-
day food record (two nonconsecutive week days and one weekend day).
Each food record was reviewed with the participants to ensure accuracy
and completeness. Moreover, a food portion photo album was used to
define the size of the portions ingested and to improve data quality
(Monteiro, 2007). The portion sizes of the food intake were converted
into grams. Total calories, carbohydrates, lipids, proteins and dietary
fiber consumed were analyzed using Avanutri software (version 5.5i,
Brazil).

2.5. Anthropometric and body composition measurements

Anthropometric and body composition evaluations were performed
by a single trained researcher. Body weight was assessed using an
electronic platform scale (Model 2096 PP, Toledo Brazil), with a ca-
pacity for 150 kg and precision of 50 g. Height was measured using a
stadiometer (Alturexata®, Brazil) fixed to the wall (Jellife, 1966). BMI
(kg/mz) was computed and classified according to WHO (2000).

Waist circumference (WC) was measured to the nearest 0.1 cm with
a flexible band, at the midpoint between the last rib and the iliac crest
(World Health Organization, 2000). WC = 90 cm was adopted as a
criterion to diagnose abdominal obesity. Hip circumference (HC) was
measured with inelastic tape measure at the level of maximum pro-
trusion of the gluteal muscles. Sagittal abdominal diameter (SAD) was
measured with a portable, sliding beam, abdominal caliper (Holtain
Kahn Abdominal Caliper®, Holtain Ltd., Dyfed, Wales, UK) at the
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midpoint between the iliac crests. Waist-to-hip ratio (WHR) was cal-
culated as WC divided by HC and waist-to-height ratio (WHtR) as WC
divided by height.

Body composition was assessed by dual-energy X-ray absorptio-
metry (DEXA) (GE Healthcare, Lunar Prodigy Advance), and the results
were expressed as total body fat (%). Obesity was identified when body
fat % was higher than 25% (Sociedad Espanola para el Estudio de la
Obesidad, 2000).

2.6. Clinical assessments

Blood pressure was assessed as recommended by the American
Heart Association (AHA) (Pickering et al., 2005).

Overnight fasting blood samples were collected from all of the vo-
lunteers at the beginning and the end (after 8 weeks) of each inter-
vention period. Fasting blood glucose (FBG), total cholesterol (TC),
high-density lipoprotein cholesterol (HDL-c) and triglycerides (TG)
were measured using enzymatic kits and colorimetric methods (glucose
monoreagent, monoreagent cholesterol, triglycerides and HDL Direct
monoreagent from Bioclin®, Brazil). Low-density lipoprotein choles-
terol (LDL-c) levels were estimated in accordance with the Friedewald
formula (Friedewald, Levy, & Fredrickson, 1972). Fasting insulin was
assessed by electrochemiluminescence and high-sensitivity C-reactive
protein (hs-CRP), by nephelometry.

Serum retinol, carotenoids (a-carotene, 3-carotene and lutein) and
tocopherols (a- and y-tocopherols) were assessed according to Turner
and Burri (2012) with modifications. The vitamins were determined in
a high performance liquid chromatography (HPLC) system (Shimadzu,
SCL 10AT VP, Japan) equipped with diode array detector (Shimadzu,
SPD-M10A, Japan), high pressure pump (Shimadzu, LC-10AT VP,
Japan), autosampler with loop of 500 pL (Shimadzu, SIL-10AF, Japan),
and helium degassing system. The following chromatographic condi-
tions were used: RP-18 column (Phenomenex Gemini,
250 mm X 4.6 mm, 5um), equipped with a C-18 guard column (Phe-
nomenex ODS 4mm X 3mm). The injection volume was 40 pL and
spectrum scan was 200-450 nm. Retinol, carotenoids and tocopherols
were measured at 325, 450 and 292 nm, respectively. The mobile phase
was composed of acetonitrile: dichloromethane: methanol (70:20:10)
and flow rate was 1.0 mL/min.

Total antioxidant capacity was measured using the Antioxidant
Assay Kit (Sigma®). Glutathione peroxidase (GPx) was measured by
colorimetric method using a kit EGPX-100 (EnzyChrom).

2.7. Statistical analysis

Statistical analysis was performed using SPSS 20.0 software. The
normality of the data was assessed by Shapiro-Wilk test. The average of
each variable at the beginning and end of the intervention were com-
pared using paired t-test or Wilcoxon. The difference between the
averages of the variables at the beginning and end of the intervention
periods were compared using the Student t-test or Mann Whitney. The
difference between the average food intake, within the same treatment,
was evaluated using the Student t-test or Mann-Whitney test. A sig-
nificance level (a) of 5% was adopted. The graphs were made using the
software GraphPad Prism, version 5.0 (GraphPad Software, San Diego,
CA).

3. Results

Thirty-six overweight men (19-39 years of age) completed the first
screening visit. However, 33 attended the initial assessments and 24
participants completed the study (Fig. 1). The average age of partici-
pants was 25.6 = 4.6 years. Their general characteristics are reported
in Table 2. The participants did not present differences in the anthro-
pometric, biochemical and food consumption parameters in the base-
line (Table 2), except for dietary fiber consumption, which was higher
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Enrollment

Assessed for eligibility (n= 36)

Excluded (n=4)
- Declined to participate (n= 1)

A4

- Did not attend the initial
assessment (n=3)

Randomized (n=32)

A 4

Allocation v

Time 1

)

e Allocated to sorghum treatment
for 8 weeks (n=15)
e Discontinued intervention (n= 3)

e Allocated to wheat treatment for 8
weeks (n=17)
e Discontinued intervention (n=5)

Washout period (4 weeks)

/ Allocation \

Allocated to sorghum treatment for 8L

Time 2

Allocated to wheat treatment for 8

weeks (n=12)

weeks (n=12)

Analysed (n=24)
Excluded from analysis
(n=8) (missing/lost data)

Fig. 1. Screening fluxogram.

in the wheat treatment.

Body fat percentage (BF%) reduction was higher in the sorghum
treatment when compared to the wheat treatment (—1.90 + 1.82% vs
—0.23 = 1.46%) (Fig. 2). The test meal with extruded sorghum pro-
moted significative weight loss, decreased WC, waist-to-height ratio
and BF% (Table 3), but no difference was observed when comparing the
two treatments.

Mean daily fat and protein intake did not differ from baseline in
both groups. However, there was an increase in carbohydrate
(85.70 £ 59.79g), dietary fiber (5.14 * 6.62g) and energy con-
sumption after sorghum treatment, when compared to wheat treatment
(Fig. 2). The increase in carbohydrate consumption positively corre-
lated with dietary fiber consumption (r = 0.650, p = .001).

When comparing the two treatments, no difference was observed in
biochemical variables, serum vitamins, total antioxidant capacity and
glutathione peroxidase (Fig. 3). However, an increase in fasting blood
glucose (3.77 + 5.91 mg/dL) was observed after the consumption of
extruded wheat. The consumption of extruded sorghum for 8 weeks led
to an increase in glutathione peroxidase (23.75 * 41.09U/L)
(Table 4).
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4. Discussion

This study investigated the potential benefits of chronic consump-
tion of SC319 extruded sorghum (with high content of proanthocyani-
dins (tannins), 3-DXAs and dietary fiber) on body composition, weight
loss, oxidative stress markers and dietary intake in overweight in-
dividuals. Extruded sorghum consumption for 8 weeks led to reduction
in BF% in overweight men when comparing to extruded wheat con-
sumption. In addition to, the body weight, BMI and WC of the parti-
cipants has reduced after sorghum consumption but no difference was
observed when comparing the two treatments.

Wheat consumption did not lead to changes in body weight and
body composition. Similar results were also verified in another study,
since anthropometric data and body composition in overweight and
obese subjects were not affected in response to the consumption of
whole-grain wheat during 8 weeks (Vitaglione et al., 2015). However,
our results showed that sorghum consumption has a potential to reduce
body fat, which plays an important role in the pathogenesis of many
chronic diseases. The difference in results between the treatments may
be attributed to the bioactive compounds content of sorghum compared
to wheat. Therefore, whole grain sorghum may be useful in managing
energy balance, favoring overweight control.

Previous studies demonstrated that the consumption of sorghum
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Table 2
Clinical and anthropometric variables and daily consumption of macronutrients
of the participants at baseline by treatment.

Variables Sorghum treatment (n = 24) Wheat treatment (n = 24)

Anthropometric variables

Weight (kg) 90.38 + 10.35% 90.19 + 10.66%
BMI (kg/m?) 29.07 = 1.49% 29.01 = 1.80%
WC (cm) 99.30 + 5.567 99.01 + 5.92°
SAD (cm) 21.83 + 1.65° 21.88 + 1.54*
WHtR 0.56 + 0.03% 0.57 + 0.04%
BF (%) 32.09 + 5.857 31.58 + 5.39%
Biochemical variables

Glucose (mg/dL) 87.83 + 5.13° 86.17 + 5.71°
Insulin (uUI/mL) 6.31 + 2.837 6.89 + 2.717
HOMA-IR 1.38 = 0.66* 1.41 + 0.66*
CRP (mg/L) 0.51 + 1.13° 0.14 + 0.13°
TG (mmol/L) 119.04 + 63.60% 126.21 + 61.79°
TC (mmol/L) 173.96 + 33.31° 173.87 + 29.48°
LDL-c (mmol/L) 106.21 + 28.36% 104.41 + 24.63"
HDL-c (mmol/L) 43.92 + 6.86% 44.21 + 8.21°

Daily consumption
Energy (kcal)
Carbohydrate (g)

1523.83 + 187.817
187.71 + 46.99°

1760.32 + 350.53
232.07 * 42.81*

Dietary fiber (g) 14.37 + 4.87° 19.07 = 5.26%
Fat (g) 48.24 + 10.02% 52.76 + 12.35%
Protein (g) 84.71 + 27.13% 89.31 + 28.22°7

Data are expressed as mean * standard deviation. Means followed by different
letters differ statistically at 5% probability by t-test. BMI: body mass index, WC:
waist circumference, SAD: sagittal abdominal diameter, WHtR: waist-to-height
ratio, BF: body fat percentage, HOMA-IR: homeostatic model of assessment of
insulin resistance, CRP: high-sensitivity C-reactive protein, TG: triglycerides,
TC: total cholesterol, LDL-c: low-density lipoprotein, HDL-c: high-density lipo-
protein.

A 24

24 Sorghum
E3 Wheat

-6
Weight BMI wC SAD BF%
B 6001
400- Sorghum
2004 Wheat
0..
-20-
-500+
-1000-

Keal CHO PTN LIP Fiber

Fig. 2. Evaluation of anthropometric (A) and mean daily consumption of
macronutrients (B) in overweight men after intervention. Comparison of the
delta values (end values - baseline values); *“Means followed by asterisks dif-
fered between groups at 5% probability (Student's t-test).

BMI: body mass index; WC: waist circumference; SAD: sagittal abdominal dia-
meter; BF%: body fat percentage; Kcal: kilocalories; CHO: carbohydrates; PTN:
proteins; LIP: lipids.
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rich in tannins reduces weight gain in animals (rats, pigs, rabbits, and
poultry) (Al-Mamary, Molham, Abdulwali, & Al-Obeidi, 2001; Muriu,
Njoka-Njiru, Tuitoek, & Nanua, 2002). Arbex et al. (2018) verified that
extruded sorghum flour consumption reduced the adiposity by reduced
fatty acid synthase gene expression in high fat diet-induced obese rats.
To our knowledge, to date there are no studies evaluating the effect of
chronic consumption of sorghum on weight loss in humans. The re-
duction in body fat percentage verified in our study may be due to the
higher content of dietary fiber, resistant starch and bioactive com-
pounds (especially tannins) of sorghum compared to wheat. The body
fat reduction after sorghum consumption may result in part from the
complexation of tannins to sorghum starch and protein (Hagerman
et al.,, 1998), by reducing the digestibility of these nutrients energy,
thus providing reduction of body weight. Barros et al. (2014) demon-
strated that polymeric tannins from sorghum can naturally modify
starch by interacting strongly with amylose forming resistant starch.
Resistant starch cannot be digested in the small intestine and thus, it
reaches the large intestine, delivering the health benefits of dietary
fiber. Whole grain sorghum, with high dietary fiber and slowly diges-
tible starches, may increase satiety in humans due, in part, to its effects
on the reduction of the glycemic index (GI) of foods (Stefoska-
Needham, Beck, Johnson, & Tapsell, 2015), although we did not ob-
serve a reduction in caloric intake in our study. Also, Wee and cols.
(Wee, Williams, Gray, & Horabin, 1999) showed that the consumption
of low GI diets favors fat instead of carbohydrate oxidation, leading to
body fat reduction, which may have contributed to reduction in BF% in
our study.

In the present study, waist circumference was reduced in both sor-
ghum and wheat treatments, since both cereals are rich sources of
dietary fibers, which shows that sorghum is as beneficial as wheat,
being another cereal option for human consumption. The authors of
another study also verified reductions in waist circumference of over-
weight subjects after the consumption of whole-grain wheat and rice
during 8 weeks (Kirwan et al., 2016). About 73% of the subjects re-
duced WC in our study. Of these, 37.5% no longer have abdominal
obesity. Excess abdominal adiposity is strongly associated with meta-
bolic disturbances such as insulin resistance and hypertriglyceridemia
(Despres, 2006). Others authors also observed reduction in waist cir-
cumference after whole grains consumption associated with reduced-
energy diet in overweight adults (Charlton et al., 2012; Maki et al.,
2010).

In the present study, extruded sorghum consumption led to an in-
crease in glutathione peroxidase, which is one of the main enzymatic
antioxidants (Lee et al., 2015). However, we have observed no differ-
ence when comparing the sorghum treatment with the wheat treat-
ment, which can be attributed to the higher content of bioactive com-
pounds of sorghum compared to wheat. Wheat treatment did not
change the glutathione peroxidase. In another study, increased con-
sumption of wheat during 24 weeks also did not modify glutathione
peroxidase in men (Wu, Salisbury, Graham, Lyons, & Fenech, 2009).
Cardiovascular risk associated with obesity can be reduced through
weight lost which subsequently decreases oxidative stress markers and
increased antioxidant system (Bigornia et al., 2010). Superoxide dis-
mutase (SOD), catalase and GPx activities have been found to be in-
versely related to BMI in obese adults (Mittal & Kant, 2009). In obese
women, serum GPx activity was significantly increased after weight
reduction (Bougoulia, Triantos, & Koliakos, 2006).

Our results suggest that whole grain extruded sorghum consumption
can reduce oxidative stress by increasing antioxidant enzymes, such as
glutathione peroxidase. In a study (Khan et al., 2015), pasta containing
red whole grain sorghum flour enhanced antioxidant status and im-
proved markers of oxidative stress in healthy subjects. This effect may
be attributed to its higher content of polyphenols (Khan et al., 2015).
Lopes et al. (2018) observed that the oxidative stress was attenuated
after the intake of extruded sorghum cereal with a probiotic dairy
drink, since there was a reduction in serum malondialdehyde and an
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Table 3
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Anthropometric variables of the participants at baseline and endpoint by treatment.

Variables Sorghum treatment (n = 24) Wheat treatment (n = 24)
Baseline Endpoint Baseline Endpoint

Weight (kg) 90.38 + 10.35% 89.53 + 10.99 ® 90.19 + 10.66 89.21 + 10.96*
BMI (kg/mz) 29.07 + 1.49* 28.79 + 1.84° 29.01 + 1.80% 28.70 + 2.13*
WC (cm) 99.30 * 5.56° 97.92 * 6.70° 99.01 * 5.92° 97.58 * 6.88°
SAD (cm) 21.83 + 1.65° 21.75 + 1.78° 21.88 + 1.54% 21.59 + 2.04%
WHtR 0.56 + 0.03" 0.55 * 0.04" 0.57 = 0.04* 0.56 = 0.04b
BF (%) 32.09 + 5.85 30.38 + 6.23° 31.58 + 5.39% 31.34 + 5.57%

+

Data are expressed as mean

standard deviation. Means followed by different letters differ statistically at 5% probability by paired t-test or for Wilcoxon matched-

pairs signed-rank test, as statistical within group differences (baseline vs. endpoint).
BMI: body mass index, WC: waist circumference, SAD: sagittal abdominal diameter, WHtR: waist-to-height ratio, BF: body fat percentage.
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T
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Fig. 3. Evaluation of biochemical variables (A), serum vitamins (B) and oxi-
dative stress markers (C) in overweight men after intervention. Comparison of
the delta values (end values - baseline values).

GLU: glucose, INS: insulin, HOMA-IR: homeostatic model of assessment of in-
sulin resistance, CRP: high-sensitivity C-reactive protein, TG: triglycerides, TC:
total cholesterol, LDL-c: low-density lipoprotein, HDL-c: high-density lipopro-
tein, a-T: a-tocopherol, y-T: y-tocopherol, Ret: retinol, Lut: lutein, a-car: a-
carotene, b-car: B-carotene, GPx: Glutathione peroxidase, TAC: total anti-
oxidant capacity.
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increase in SOD and TAC in individuals with chronic kidney disease.
These results may be associated with zinc, dietary fiber, tannins, phe-
nolic compounds, and flavonoids contents in the extruded sorghum
cereal (Lopes et al., 2018).

Due to this higher antioxidant activity and phenolic compounds
compared to wheat (Anunciacdo et al., 2017), sorghum consumption
has a potential to reduce oxidative stress that plays an important role in
the pathogenesis of many chronic diseases such as diabetes, athero-
sclerosis, some cancers, aging, arthritis, and neurological diseases
(Awika & Rooney, 2004; Stefoska-Needham et al., 2015). The intake of
polyphenols compounds can act directly on the inflammatory process,
avoiding or decreasing the formation of reactive oxygen species
(Cardoso, Pinheiro, Martino, & Pinheiro-Sant'Ana, 2017).

The consumption of extruded sorghum increased the daily intake of
dietary fibers (~ 7 g/day) of the participants. Our results showed that
total dietary fiber intake increased to approximately 21 g/day in sor-
ghum group, which falls within the range of 20 to 35g fiber/day re-
commended by the Institute of Medicine (2005). Lopes et al. (2018)
also observed improvements in dietary fiber consumption with ex-
truded sorghum cereal, since a portion of 40 g is considered a source of
fiber, in accordance with Brazilian legislation (ANVISA, 2017). Thus,
the inclusion of sorghum in the diet may help meeting nutrition re-
commendations.

Although dietary fiber intake did not contribute to increased satiety,
since no reduction in caloric intake was observed, the synergistic effect
of the bioactive compounds of sorghum may have contributed to body
fat reduction. Also, the extrusion process reduces high molecular
weight proanthocyanidins into low molecular weight compounds,
making the food more palatable. In addition, low molecular weight
proanthocyanidins are more bioavailable, and can bind to carbohy-
drates and proteins forming insoluble complexes that are not absorbed
by the body, contributing to the meal caloric reduction (Al-Mamary
et al., 2001; Cardoso, Pinheiro, de Carvalho, et al., 2015b). Thus, the
lower caloric availability in sorghum meal could contribute to the
higher caloric intake associated with body weight and body fat reduc-
tion observed in the present study. Our results were similar to a study
with animals that consumed the same sorghum genotype (de Sousa
et al., 2018).

It is noteworthy that in the present study volunteers consumed
sorghum once a day, and in a free diet, people can consume > 40 g of
sorghum per day. However, the effects are already unknown and more
studies should be conducted.

5. Conclusion

Daily consumption of preparations containing 40 g of sorghum for
8 weeks increased carbohydrate and dietary fiber intake, reduced body
fat in overweight men when compared to wheat consumption, and in-
creased the serum glutathione peroxidase concentration inter group.
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Table 4
Antioxidant variables of the participants at baseline and endpoint by treatment.
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Variables Sorghum treatment (test) Wheat treatment (control)

Baseline Endpoint Baseline Endpoint
a-tocopherol (pmol/L) 22.94 + 8.04% 22.60 + 6.44° 22.10 * 7.68% 22.46 + 6.49°
y-tocopherol (pmol/L) 9.45 *= 0.89% 9.62 = 0.79% 9.36 = 0.81% 9.36 = 0.61%
Retinol (umol/L) 4.95 * 1.77° 5.30 + 1.19% 4.94 + 1.80% 5.46 + 1.22°
Lutein (umol/L) 9.19 * 8.62°7 8.94 + 7.00? 6.74 + 4.53% 8.57 * 9.96°
a-carotene (umol/L) 0.65 + 0.29° 0.63 + 0.24° 0.63 + 0.21° 0.58 + 0.16%
B-carotene (umol/L) 1.35 = 0.59* 1.23 + 0.43° 1.22 = 0.30* 1.28 + 0.52*
GPx (U/L) 102.93 + 49.28° 126.68 + 38.70° 99.45 * 32.94% 114.81 + 35.82°
TAC (mM Trolox) 0.51 + 0.04° 0.51 = 0.04* 0.54 = 0.03* 0.52 = 0.06"

+

n = 24 participants in each group. Data are expressed as mean

standard deviation. Means followed by different letters differ statistically at 5% probability by

paired t-test or for Wilcoxon matched-pairs signed-rank test, as statistical within group differences (baseline vs. endpoint).

GPx: Glutathione peroxidase, TAC: total antioxidant capacity.

Both treatments maintained biochemical markers. Thus, sorghum can
be an important strategy for weight loss in humans.
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