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A B S T R A C T

This study investigated the chemical and nutritional composition of breakfast cereal based on whole sorghum,
and the effect of its association with unfermented probiotic milk on the inflammation and oxidative stress of
individuals with chronic kidney disease. Extruded sorghum breakfast meal presented higher carbohydrate
concentration (approximately 71%), followed by protein (approximately 11%) and lipid (approximately 0.4%).
When compared to extruded maize breakfast meal, it presented higher percentage of dietary fiber (p < 0.05),
and higher content of phenolic compounds and tannin, consequently higher antioxidant activity (p < 0.05).
Extruded sorghum breakfast cereal combined with unfermented probiotic milk decreased the C-reactive protein
(p < 0.05) and malondialdehyde (p < 0.05) serum levels and increased the total antioxidant capacity and
superoxide dismutase (p < 0.05) in patients with chronic kidney disease. Therefore, the extruded sorghum,
source of tannin, anthocyanin, and dietary fiber, when consumed with unfermented probiotic milk alleviates the
inflammation and oxidative stress in patients with chronic kidney disease.

1. Introduction

Sorghum (Sorghum bicolor L.) is a cereal from the Poaceae family
and has a chemical composition similar to that of corn. Sorghum is
native to the tropical regions of Africa and presents great potential for
human consumption as a source of dietary fiber and phenolic com-
pounds such as tannins and anthocyanins (Cardoso, Pinheiro, Martino,
& Pinheiro-Sant'Ana, 2017; Gomes et al., 2017). Sorghum is consumed
in the form of whole grain, as flour in recipes or as a morning cereal
after subjection to an extrusion process (Anunciação et al., 2016; Khan,
Yousif, Johnson, & Gamlath, 2015). Extrusion is a process that com-
bines high pressure, heat and mechanical force in a short time, causing
physical and chemical changes to the food matrix. Although the ex-
trusion process influences the bioactive compounds concentrations, it

has been used for the products formulation, such as breakfast cereal,
popcorn, breads, pastas, and snacks. Thus, this process may be an ef-
fective approach to increase the consumption of sorghum by the po-
pulation (Chávez, Ascheri, Carvalho, Godoy, & Pacheco, 2017).

Sorghum cultivars such as BRS 305 with pigmented seed heads
comprise condensed tannins at high concentrations, which may con-
tribute to a higher phenolic content and increased antioxidant capacity
of the diet by 19%, thereby promoting health benefits (Moraes et al.,
2012; Moraes et al., 2017). Varieties of sorghum with tannin as well as
varieties of sorghum without tannin (such as black sorghum) contain 3-
deoxyanthocyanidins, which promote beneficial effects on the body, as
an anti-inflammatory and antioxidant activity (Awika, Yang, Browning,
& Faraj, 2009; Burdette et al., 2010). However, the tannin sorghum
extruded was used because this type has a high molecular weight and
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degree of polymerization. So, when associated with the extrusion pro-
cess, the tannin sorghum structure changes by the breakdown of
polymers into monomers and dimers of proanthocyanidins, con-
tributing to the antioxidant effect and improving the bioavailability of
nutrients (Cardoso et al., 2017; Trompette et al., 2014). In addition, the
fermentation of the fibers and resistant starch present in sorghum, by
anaerobic bacteria increases the concentration of short chain fatty acids
in the colonic environment favoring intestinal microbiota balance and
intestinal mucosal integrity (Rossi et al., 2016). The modulation of in-
testinal microbiota can contribute to the reduction in inflammation and
oxidative stress of patients with some chronic non-transmissible dis-
eases such as chronic kidney disease (CKD) (Rossi, Klein, Johnson, &
Campbell, 2012).

CKD has become a major public health problem worldwide based on
incidence and prevalence rates, which in the past 4 years have grown by
around 5% (Sesso, Lopes, Thomé, Lugon, & Martins, 2016). The overall
mean prevalence of the disease is 13.4%, and is highest in the United
States, Canada, Europe and Australia in comparison to countries like
India and Africa (Hill et al., 2016). CKD promotes the accumulation of
organic residues in the body that interact negatively with various bio-
logical functions, accentuating the inflammatory state, oxidative stress,
cardiovascular dysfunction and risk of death (Barreto et al., 2014;
Lemos, de Alencastro, Konrath, Cargnin, & Manfro, 2012). To control
this accumulation, individuals with CKD need to restrict the intake of
some food groups, such as fruits, vegetables and grains, that are sources
of micronutrients, dietary fibers, and phytochemicals with antioxidant
and anti-inflammatory activity (Riella & Martins, 2001). Hence, the
sorghum can be added to the diet of individuals with CKD to help
maintain a balanced nutritional composition, providing fibers, anti-
oxidants, and bioactive compounds. Thus, the consumption of extruded
sorghum and probiotic milk may exert a beneficial effect on metabolic
control, oxidative stress and inflammation in CKD patients on hemo-
dialysis. Foods with probiotics, which are generally manufactured by
the fermentation process, such as fermented dairy drinks, have been
used to help control of the oxidative stress in CKD patients (Borges
et al., 2017; Odamaki et al., 2012; Ogawa et al., 2012; Taki, Takaiama,
& Niwa, 2005). Another way of producing dairy drinks with probiotics
is by directly adding the microorganisms into the food matrix, without
the fermentation stage, to preserve milk flavor (Oliveira et al., 2017).
However, there is still no scientific evidence that milk and extruded
sorghum help in the metabolic control of patients with CKD.

In the present study, we aimed to verify that extruded tannin sor-
ghum breakfast meal is a good source of nutrients for individuals with
CKD and that cereal improves inflammation and oxidative stress in
these patients when consumed with unfermented probiotic milk.

2. Material and methods

2.1. Cultivating and harvesting the grains

The grains were cultivated in the experimental field of Embrapa
Milho e Sorgo, located in Sete Lagoas, Brazil. The BRS 305 hybrid
sorghum with a brown pericarp and tannin was cultivated from April to
July 2014, and corn grains with a yellow pericarp were cultivated in the
2013/2014 cropping season. After harvesting, the grains were packed
in plastic bags and sent to EMBRAPA Agroindustry of Foods (Rio de
Janeiro, Brazil) for processing.

2.2. Preparation of breakfast cereals

Sorghum and corn grains were milled in a combined knife-hammer
mill TREU (Rio de Janeiro, Brazil) equipped with a sieve size of 1.0 mm
producing fine whole meal flour. Either sorghum or corn flour pre-
conditioned at moisture of 14.0% was added of 10.0% refined white
sugar (Companhia União de Açúcar, São Paulo, Brazil) and 0.5% re-
fined NaCl salt (Ita Serv Sal, Mossoró, Brazil) and processed in a co-

rotating twin extruder Evolum HT25 (Clextral Inc., Firminy, France)
equipped with a die of four holes of 3.8 mm each, running at a constant
screw speed of 350 rpm, feed rate of 10 kg/h and temperature profile of
10 heating zones (from feeding to die), as following: 30, 60, 80, 100,
100, 100, 110, 110, 120, 120 °C. Low temperature of the feeding region
was important to avoid water vapor formation hence allowing a posi-
tive flow along the barrel. The combination of temperature of 120 °C
close to the die and screw speed allowed the production of puffed ex-
trudates. A cutter was also installed at the die to produce round shape
extrudates. The extrudates were oven-dried at 60 °C for 2 h, packed in
polyethylene bags, and transported by land to the Federal University of
Viçosa, where they were stored at 5 ± 2 °C until analysis (Fig. S1).

2.3. Macronutrients, moisture, ash, dietary fiber, resistant starch, and
minerals analysis

For the determination of chemical composition, 15 g of sorghum
and corn extruded flour were used. The determination of ash, protein,
lipids, moisture, total dietary fiber and RS was performed according to
the methodology proposed by AOAC (2012). The concentration of
carbohydrates was calculated by difference. The total energy value of
flours was estimated considering the conversion factors of 4 kcal·g−1 for
protein or carbohydrate and 9 kcal·g−1 per lipid (Frary & Johnson,
2005). Calcium, magnesium, copper, iron, zinc, phosphorus, potassium
and manganese levels were quantified by atomic absorption spectro-
photometry (Gomes, 1996).

2.4. Total phenolic compounds

The total phenolic compounds content in sorghum and corn ex-
truded were determined using the Folin - Ciocalteu method (Singleton,
Orthofer, & Lamuela-Raventós, 1999). The extracts were obtained by
the addition of 10mL of methanol:water (60:40/v:v) solution in 1 g of
the sample. 0.5 mL of extract was added to 0.5mL of Folin - Ciocalteu
reagent (20%). After homogenization, 0.5mL of sodium carbonate
(7.5%) was added. The reaction mixture was homogenized by vortex
(2865g, 10 s) and incubated at room temperature (30min). The reading
of absorbance was performed in spectrophotometer (Thermo scientific,
Evolution 606, USA) at 765 nm. Analytical curve of gallic acid
(0.005–0.10mg/mL) was used to quantify the compounds
(y= 18.66x+0.084; R2=0.995). The results were expressed in mg of
gallic acid equivalents/g of flour (mg GAE/g).

2.5. Condensed tannins

Condensed tannin (proanthocyanidins) concentration was de-
termined by the vanillin reaction method (Burns, 1971), with slight
modifications (Maxon & Rooney, 1972; Prince, Van Scoyoc, & Butler,
1978). In brief, the tannins were extracted by adding 1% HCl in me-
thanol in 200mg of the sample, which was agitated at 0.71g for 20min
at 30 °C. After extraction, the solution was centrifuged at 2790g for
20min, and 1mL of the supernatant was mixed with 2.5mL of the 1%
vanillin solution in methanol and 2.5 mL of 8% HCl in methanol. After
20min, absorbance was measured at 500 nm on a spectrophotometer
(Thermo Scientific®, model Multiskan Spectrum 1500). The result was
obtained by drawing a standard curve for different concentrations of
catechin in methanol (y= 0.4343x+0.0161; R2=0.9984) and is
expressed in mg of catechin equivalent per 100 g of the sample used.

2.6. Antioxidant activity

The antioxidant activity of the cereals was determined by per-
forming ELISA. For obtaining the extract, 2 g of the samples was diluted
in 60% methanol plus 0.1 μM methanolic solution of DPPH (1,1-di-
phenyl-2-picrylhydrazyl) (Blois, 1958). The absorbance was measured
at 517 nm (Thermo Scientific®, model Multiskan Spectrum 1500). The
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antiradical activity was expressed in a μmol trolox equivalent/g of the
sample (μmol trolox/g).

2.7. Flavonoids (3-deoxyanthiocyanidins, flavones, and flavanones)

The content of flavonoids (3-deoxyanthiocyanidins, flavones, and
flavanones) from sorghum was determined in five replicates according
to the method described by Yang, Allred, and Geera (2012). For ex-
traction, 2 g of the sample was added to 20mL of methanol:HCl (1:99)
and stirred for 120min. Then, the suspension was centrifuged at
2790×g for 5min, the supernatant was collected, packed in an amber
bottle, and stored in a freezer (−18 ± 1 °C) (Dykes, Seitz, Rooney, &
Rooney, 2009). The flavonoids were determined by HPLC, and their
identification was performed by comparing the retention time and the
absorption spectrum of the peaks of the standards and the samples
analyzed under the same conditions. For the quantification, analytical
curves constructed by injecting standard solutions with six different
concentrations in duplicates were used. The R2 of the standard curve
ranged from 0.9939 to 0.9999, detection limits from 18.98 to 35.12 ng/
mL, and quantification limits from 94.90 to 175.60 ng/mL. Compounds
are expressed as mg/g sample, as single compounds, and as the sum of
3-deoxyanthocyanins (3-DXA), flavones, flavanones, and flavonoids.

2.8. Preparation and viability of milk products

The dairy drinks used in the study were pasteurized milk, used in
the control group (CG) and pasteurized milk with addition of the pro-
biotic bacterium Bifidobacterium longum BL-G301 (Granotec do Brasil
S.A.), used in the symbiotic group (SG). The production of the probiotic
dairy beverage was carried out weekly in the Federal University of
Viçosa, according to the procedures described by Oliveira et al. (2017).
The beverages (100mL) were packed in a high-density polyethylene
plastic bottle with aluminum seal, labeled with date of manufacture,
validity, instructions for storage and consumption, and stored under
refrigeration at 4 ± 2 °C for up to seven days. During the seven weeks
of probiotic milk production, samples were collected immediately after
preparation and stored under refrigeration at 4 °C ± 2 °C for seven
days to verify the viability of the cells in the final product shelf life.
Enumerations of viable Bifidobacterium longum cells were performed by
plating on Man Rogosa Sharpe (MRS) agar and incubating in anaerobic
at 37 °C for 72 h (Ashraf & Shah, 2011).

2.9. Intervention

It is a clinical, randomized, simple blind study, during 7 weeks. The
study protocol was approved by the Human Research Ethics Committee

Fig. 1. CONSORT diagram showing the flow of participants through each stage of the trial. CONSORT Consolidated Standards of Reporting Trials.
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of the Federal University of Viçosa, number 27364314.8.00005153 and
was registered at www.ensaiosclinicos.gov.br under the number RBR-
2d9ny6. Of the 112 individuals with CKD who underwent hemodialysis
in the Nephrology Sector of Hospital São João Batista, in the city of
Viçosa, Brazil, 107 were eligible for the study. The participants were
older than 18 years and had hemodialysis sections three to four times a
week for at least three months. We did not include in the study in-
dividuals whose records reported auditory deficiency, with auto-
immune disease or with hepatitis B and C virus, with newly implanted
catheters, hemodynamic instability, lactose intolerance or milk dis-
comfort. All the selected ones were clarified as to the objectives,
methods of the research and the secrecy of the information. Thus, 99
people with CKD accepted to participate in the project and signed the
term of free and informed consent. The participants were randomly into
two groups: SG (100mL of dairy drink with probiotic and 40 g of ex-
truded sorghum flakes) and CG (100mL of pasteurized milk and 40 g of
flakes of extruded corn) and at the end of the intervention there were
58 people included in the study. The reasons why the other 41 did not
complete the research were: withdrawal even before the intervention
commenced; abdominal discomfort, death, did not fit the food, diffi-
culties in consuming the product at home and hospitalization (Fig. 1).
The calculation of the sample size indicated that each group should be
composed of 23 patients, considering a difference of 30% in the con-
centration of malondialdehyde (MDA), and a statistical power of 90%,
after the intervention.

During the hemodialysis, two food kits were given to patients, one
which was consumed in the third hour of hemodialysis and another
who was consumed on the interdialytic day at home. The patients, who
for some reason could not consume the products in the nephrology
sector were instructed to take them home and consume them together
the same day. Participants during the hemodialysis days were asked
about the consumption of the kit and the presence of some adverse
effect to verify adherence or not to the study.

2.10. Data collection

Socio-demographic and clinical data were obtained before the in-
tervention period, through the collection of information in medical
records and through questioners for direct interviews. At the beginning
and at the end of the intervention the blood samples were collected by a
professional in the nephrology sector and packed in vacuum tubes. The
blood was centrifuged and immediately packed in a freezer at −80 °C.

All anthropometric measurements were performed at the end of the
hemodialysis session, after 30min of hemodynamic balance. The an-
thropometric measures included in the study were weight (kg) and
height (cm), which were performed according to previously standar-
dized procedures (Jellife, 1968; Lipschitz, 1994; WHO. World Health
Organization, 1997).

For the determination of the enzymatic activity of superoxide dis-
mutase (SOD), 30 μL of blood serum was added in duplicate in micro-
plates. One hundred eighty-nine microliters of phosphate buffer
(50mM), 6 μL of 3-[4,5-dimethyl-thiazol-2-yl]-2,5-diphenyltetrazolium
bromide (MTT) and 15 μL of pyrogallol were added. The plate was in-
cubated for 5min in an oven at 37 °C. After the incubation period, the
reaction was stopped by the addition of 150 μL of dimethylsulfoxide
(DMSO). The plate reading was performed on Elisa reader (Multiskan
GO, Thermo Scientific) at 570 nm and values expressed as U SOD/mg
protein.

Dosing of blood MDA was performed in duplicate using the thiobarbi-
turic acid reactive substances (TBARS) method (Buege & Aust, 1978). The
readings were performed in an ELISA apparatus (Multiskan GO, Thermo
Scientific) at 535 nm and the concentration of MDA was determined from
the standard curve using standard 1,1,3,3-tetramethoxypropane (TMPO) as
standard (y=4.2904−0.0934; R2=0.9945− initial reading;
y=3339−1.6362, R2=0.9985−final reading). The values were ex-
pressed as μmol/mg. The protein concentration used in the calculation of

SOD and MDA activity was measured by the method of Bradford (1976).
Total antioxidant capacity (TAC) was measured by colorimetric

assay using the antioxidant assay kit (CS0790, Sigma Aldrich) ac-
cording to the protocol provided by the manufacturer. The serum an-
tioxidant concentration was measured by spectrophotometry at
750 nm and was expressed in mM trolox equivalent from the standard
curve (y=−1.82+1.3213, R2=0.9976− initial reading;
y=−1.7808+ 1.3178; R2= 0.9942− final reading).

Serum concentrations of IL-6, IL-10 and TNF-α were detected by
means of the multiple base sandwich immunoassay kit (HCYTO-
MAG-60K-03, Millipore, Billerica, MA, United States) according to
manufacturer instruction. In 96-well plates we added 25 μL of serum,
which was incubated with antibodies specific for IL-6, IL-10 and TNF-α.
The fluorescent signal from the beads was detected in the Luminex 200
equipment, xponent/analyst software, version 4.2 and the levels were
calculated according to the standard curves that were established by 5
different concentrations (CV=0%, R2=1). The C-reactive protein
concentration (CRP) was quantified by ultra-sensitive im-
munoturbidimetry (COBAS-Mira Plus, Roche Diagnostic Systems) using
a commercial kit (K079, Bioclin®, Minas Gerais, Brazil).

2.11. Statistical analysis

The recorded data were reviewed in order to detect missing in-
formation and inconsistencies.

The chemical analyses of the extruded cereal were performed in
three replicates, except for the flavonoids (five replicates). The nor-
mality of the data was evaluated by the Shapiro–Wilk test. The differ-
ence between the extruded cereals was evaluated by Student's t-test.

The descriptive analysis of the general characteristics of the parti-
cipants per group was performed. Quantitative variables with normal
distribution (according to graphical analysis, asymmetry and kurtosis
coefficients and Shapiro-Wilk test) were expressed as mean and stan-
dard deviation (SD) and those that did not present normal distribution
were expressed in median and minimum and maximum values.
Differences between groups were assessed by chi-square test (catego-
rical variables), Student's t-test or Mann-Whitney test (numerical vari-
ables). Fisher exact-test (categorical variables), paired Student t-test or
the Wilcoxon test were used to assess differences within the groups.
Statistical analysis was performed using the SPSS 20.0 program (SPSS,
Inc., Chicago, IL, USA) and the significance level (α) was considered
equal to 5%.

3. Results

3.1. Chemical composition of extruded cereals

3.1.1. Macronutrients, moisture, ash, dietary fiber, resistant starch, and
minerals analysis

The extruded sorghum breakfast cereal showed higher content of
dietary fiber (8.84%), highlights the insoluble fiber, than that showed
by extruded corn cereal (7.28%) (p < 0.05). A similar content of car-
bohydrate (71.04%) and protein (11.26%) was observed in both the
extruded cereal. However, extruded corn showed 49% more lipids
(p < 0.05) and a higher caloric value (p < 0.05) than that showed by
extruded sorghum. The resistant starch content of extruded sorghum
(1.03 ± 0.00) was 85% higher than that found in extruded corn
(0.15 ± 0.02) (p < 0.05) (Table 1).

In this study, we observed that the extruded sorghum cereal showed
lower phosphorus content (340.33 ± 2.51mg·100−1 g) and higher
copper (0.33 ± 0.01mg·100−1 g), zinc (1.93 ± 0.02mg·100−1 g),
magnesium (1.45 ± 0.02mg·100−1 g), calcium (102.00 ±
1.00mg·100−1 g), manganese (1.45 ± 0.02mg·100−1 g) and iron
(5.59 ± 0.25mg·100−1 g) contents than those showed by extruded
corn (p < 0.05). The potassium content in extruded sorghum cereal
(353.00 ± 3.02mg·100−1 g) and extruded corn cereal
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(353.00 ± 1.01mg·100−1 g) was similar.

3.1.2. Phenolic compounds and antioxidants
The extruded sorghum breakfast cereal showed higher content

(p < 0.05) of phenolic compounds (1.10 ± 0.02mg galic acid/g
sample) and condensed tannins (proanthocyanidins)
(0.71 ± 0.08 eq.catequina/g sample) than that showed by extruded
corn cereal (0.81 ± 0.01mg galic acid/g sample; 0.00 ± 0.00 eq.ca-
tequina/g sample, respectively). In addition, the antioxidant activity
observed in extruded sorghum cereal (4.68 ± 0.01 μmol trolox/g) was
higher than that of the extruded corn cereal (0.68 ± 0.09 μmol trolox/
g) (p < 0.05).

3.1.3. Flavonoids
We found two compounds of the 3-DXA group, luteolinidin and 5-

methoxyluteolinidine, to be present at similar concentrations and de-
tected traces of apigeninidin and 7-methoxyapigeninidine in the ex-
truded sorghum. None of these compounds were found in the extruded
corn cereal (Fig. 2A and B). The maximum wavelength and retention
time of the 3-DXA group in this study are presented in Fig. 2C. We did
not detect flavones and flavonones in either of the cereals.

3.2. Viability of probiotic milk

The number of viable Bifidobacterium longum BL-G301 cells con-
centration in a milk was 9.06× 108 ± 5.4×108 CFU/100mL, with a
minimum concentration of 2.5× 108 CFU/100mL and a maximum of
1.5×109 CFU/100mL, indicating the viability of the product during
the intervention period.

3.3. Intervention

Of the 58 participants who completed the study protocol, the ma-
jority were male (51.7%). The mean age was 63.1 ± 10.9 years and the
time of hemodialysis ranged from 3 to 245months (55.5 ± 59.1). The
level of schooling varied, with the majority having incomplete funda-
mental education (56.9%) and none with higher education. The pa-
tients presented diabetes mellitus (44.8%) and hypertensive nephro-
sclerosis (22.4%) as the main etiologies associated with CKD. Regarding
nutritional status before intervention, 19.61% of CKD patients pre-
sented low weight, 52.9% were eutrophic, and 27.4% were overweight/
obese. The randomization of the groups was adequate, since they did
not present differences in age, BMI, sex, presence of diabetes, and in-
flammatory or oxidative stress markers (p > 0.05) (Table 2).

In relation to oxidative stress, we observed that after the

intervention, serum MDA decreased (p < 0.05), and SOD and TAC
increased (p < 0.05) compared to that in CG (Fig. 3A). In addition, we
observed that delta values for SOD and TAC in the SG group were
higher than those in the CG group (Fig. 3B).

The SG group presented a decreased in serum CRP concentration
(p < 0.05) in comparison to the intergroups (Fig. 4A) and showed a
decreased in TNF-α concentration (p < 0.05) in relation to delta va-
lues (final value - initial value) (Fig. 4B). This group also presented a
reduction in IL-10 concentration (Fig. 4c), however, there was no
change (p > 0.05) among IL-6, IL-10 and TNF-α cytokines intergroups
(Fig. 4A). The SG presented a moderate negative correlation of SOD
values with CRP values (r=−0.373, p < 0.05) and IL-10
(r=−0.387, p > 0.05).

4. Discussion

This research is the first to investigate the effects of consumption of
extruded whole sorghum breakfast cereal and unfermented probiotic
dairy beverage on the inflammation and oxidative stress markers in
individuals with CKD in hemodialysis. In relation to the chemical
composition, the extrusion process promotes the transformation of food
and changes its chemical, physical, and nutritional characteristics, as it
involves high temperatures, pressures, humidity, and mechanical stress
(Cardoso et al., 2017). In our study, the extruded sorghum cereal pre-
sented a higher carbohydrate content (approximately 71%), followed
by protein (approximately 11%) and lipid (approximately 0.4%) con-
tents. The extruded sorghum cereal also presented higher content of
dietary fiber, phenolic compounds, antioxidant activity, and tannin in
relation to extruded corn cereal. When comparing our result with the
centesimal composition of whole sorghum flour of the same genotype,
we observed a lower carbohydrate concentration (62.09%) and a higher
concentration of lipids (2.60%) and dietary fiber (11.43%) (Martino
et al., 2012). Llopart, Drago, De Greef, Torres, and González (2013)
analyzed the effects of extrusion temperature (164, 182, and 200 °C) on
the physicochemical properties of extruded red sorghum, and found a
high concentration of dietary fiber (9%) and a similar percentage of
protein (11%) and ashes (1.5%). Despite the reduction in fiber content
promoted by grain processing, extruded sorghum morning cereal con-
tinues to be classified as a source of fiber when consumed at a minimum
portion of 40 g (3.6 mg of total fiber), in accordance with Brazilian
legislation which states that for a food to obtain this denomination, it
must provide at least 3 g of dietary fiber per portion consumed
(ANVISA, 2017). In addition, this 40-g portion should provide ap-
proximately 12% of the daily recommended requirement of this nu-
trient, according to the recommendations of the Institute of Medicine
(2002).

In our study, we observed that the extruded sorghum cereal showed
lower phosphorus content, similar amounts of potassium, and higher,
zinc, magnesium, calcium, manganese, and iron content than those
showed by extruded corn. High phosphorus and potassium contents
could be a limiting factor for considering extruded sorghum as an ideal
meal for patients with CKD. The nutritional recommendations advocate
that the foods indicated for patients with CKD should have a potassium
content of< 5mEq or 195mg per serving (Riella & Martins, 2001). A
portion of 40 g of extruded sorghum morning cereal (measured as
percentage of dietary fiber) has a potassium content of 141mg, and can
be indicated for patients with CKD. With respect to the content of zinc
(1.93 ± 0.25) found in extruded sorghum cereal, we propose that it
can be used as a zinc food source since zinc-rich foods such as meats
and legumes have around 0.99 to 4.0mg of the mineral per 100 g of the
product (De Andrade, Barros, Mello, & Takase, 2004). The inclusion of a
food source of zinc in the diet could assist in improving the oxidative
stress in CKD patient. Zinc can stabilize the structure of SOD, and may
be a proton donor during the oxidative cycle of the enzyme (Li, Jiao,

Table 1
Nutritional composition of extruded sorghum and extruded corn (g·100 g−1).

Variables⁎ Mean⁎⁎ ± SD⁎⁎⁎ Mean⁎⁎ ± SD⁎⁎⁎

Sorghum extruded Corn extruded
Moisture 6.57 ± 0.28a 6.29 ± 0.31a

Ash 1.87 ± 0.40a 1.66 ± 0.26b

Lipids 0.41 ± 0.13b 0.81 ± 0.91a

Protein 11.26 ± 1.04a 12.66 ± 0.81a

Total dietary fiber 8.84 ± 0.12a 7.28 ± 0.87b

Soluble fiber 0.07 ± 0.55b 0.87 ± 0.35a

Insoluble fiber 8.78 ± 1.70a 6.41 ± 0.90b

Carbohydrates 71.04 ± 0.74a 71.30 ± 0.39a

Resistant starch 1.03 ± 0.00a 0.15 ± 0.02b

Total energy value (kcal·100 g−1) 332.91 ± 1.67b 343.13 ± 5.16a

⁎ Values expressed in dry matter.
⁎⁎ Mean of three replicates.
⁎⁎⁎ Standard deviation; same letters on the line do not differ by t-test for independent

samples at 5% probability.
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Chen, & Liang, 2010).
The content of phenolic compounds, condensed tannin, and anti-

oxidant activity were higher in the extruded sorghum cereal in com-
parison with extruded corn cereal. However, when comparing our re-
sults with the whole sorghum flour, we observed that the whole flour
had a higher content of phenolic compounds and tannins than the ex-
truded sorghum cereal, but a similar antioxidant capacity (Moraes

et al., 2012). The decrease in the contents of phenolics and tannins may
be due to the extrusion of sorghum grains. The condensed tannins
(proanthocyanidins) present in sorghum have a high molecular weight
and a high degree of polymerization, and the extrusion process can alter
this structure by the breakdown of these polymers into monomers and
dimers of proanthocyanidins, which have greater bioavailability and a
higher antioxidant effect (Cardoso et al., 2017; Trompette et al., 2014).
The presence of the antioxidant effect observed in our study after the
extrusion process was also observed in a study comparing the extrusion
process of three different sorghum cultivars (Cardoso et al., 2014).

We found all compounds of the 3-DXA group in the extruded sor-
ghum cereal, different from that observed by Anunciação et al. (2017),
who found four compounds. The difference between the results can be
accounted for by the growth process and the difference in extrusion
process conditions. A study on extruded sorghum (SC 319 brown
pericarp genotype) showed that extrusion leads to a reduction in the
content of these flavonoids, with a mean retention of 29.3% (Cardoso
et al., 2015).

The absence of flavones and flavonones cannot be attributed to the
extrusion process because no study describes the stability of these fla-
vonoids in cereals. Moreover, the results of our study are similar to
those described by Cardoso et al. (2015) and Anunciação et al. (2016).
The authors not detected these compounds in extruded sorghum of
SC317 and SC319 genotypes, both with brown pericarp, indicating the
sensitivity of these compounds to heat processing. Although our study
has shown a loss in the content of anthocyanins probably due to the
extrusion process, sorghum cereal can provide health benefits to pa-
tients with CKD because the presence of anthocyanins may activate and
enhance the antioxidant defense system of the individual (Shih, Yeh, &
Yen, 2007).

The viability of probiotic milk indicated that the concentration of
viable Bifidobacterium longum BL-G301 cells (9.06×108

± 5.4×108 CFU/100mL) was adequate during the intervention
period. Some studies have already been published demonstrating the

Fig. 2. 3-Deoxyanthiocyanidins in sorghum extruded cereal. (A) Concentration (μg/100 g). (B) HPLC analysis of the extruded BRS 305 sorghum cereal genotype with a brown pericarp.
(C) Maximum wavelength and retention time of 3-deoxythianocyanines in the extruded sorghum cereal. The concentration results are expressed as the mean of five replicates ± standard
deviation.

Table 2
Baseline characteristics of subjects with chronic kidney disease on hemodialysis according
to experimental groups.

Variables Control group
(n= 29)

Symbiotic group
(n=29)

p value

Age (years)a 63.03 ± 10.77 63.17 ± 11.16 0.96
BMI (kg/m2)a 23.26 ± 9.60 24.74 ± 4.24 0.15
Sexb 0.17
Male 21 (72.4) 17 (58.6)
Female 8 (27.6) 12 (41.4)

Diabetesb 0.74
Yes 13 (44.8) 13 (44.8)
No 16 (55.2) 16 (55.2)

Inflammatory markersa

CRP (mg/dL) 0.80 (0.04; 2.86) 0.85 (0.01;2.62) 0.99
IL10 (pg/mL) 0.48 (0.12; 2.44) 0.44 (0.10;3.01) 0.59
IL6 (pg/mL) 6.09 (1.12; 15.43) 4.21 (0.98;15.41) 0.22
TNFα (pg/mL) 28.14 ± 12.45 30.27 ± 12.53 0.41

Oxidative stress markersa

SOD (U SOD/mg ptn) 2.21 (0.87; 7.40) 2.32 (1.00; 7.77) 0.53
MDA (MDA nmol/g ptn) 1.03 (0.55; 4.82) 1.01 (0.37;3.28) 0.83
TAC (Mm trolox) 0.492 ± 0.,104 0.518 ± 0.097 0.34

a Mean ± Std. Deviation, Independent Samples t-test; median (minimum; maximum),
Mann-Whitney test.

b n (%), Pearson Chi-Square Tests. BMI - body mass index; CRP - C-reactive protein;
IL10 - Interleukin 10; IL6 - Interleukin 6; TNFα - Tumor necrosis factor α; SOD -
Superoxide dismutase; MDA - malondialdehyde; TAC - Total antioxidant capacity.
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effect of high (Gionchetti et al., 2007) or low probiotic concentrations
on human health (Whorwell et al., 2006), although there is no re-
cognized level of cellular concentration that guarantees an effect on
health (Reid, 2008).

Oxidative stress in uremia may be associated with an increase in the
expression or activity of NAD(P)H oxidase and with the reduction in
natural antioxidant factors, leading to the accumulation of reactive
oxygen species (Cachofeiro et al., 2008). Patients on hemodialysis
presented low blood antioxidant capacity and high oxidative stress
degree due to antioxidant losses during dialysis interactions between
the blood and the dialysis membrane and malnutrition that decreases
food absorption (Cachofeiro et al., 2008; Coombes & Fassett, 2012).

The symbiotic investigation (40 g of the extruded sorghum cereal
and 100mL of a dairy beverage with probiotic) of seven weeks of in-
tervention, was able to decrease CRP and MDA levels as well as increase
TAC and SOD when compared with that of the control product (40 g of
extruded corn flakes and 100mL of milk). These results may be asso-
ciated with tzinc, dietary fiber, tannins, phenolic compounds, and fla-
vonoids contents in the extruded sorghum cereal and the concentration
of Bifidobacterium longum present in probiotic milk. The intake of the
probiotic milk associated with extruded sorghum that presented a high

concentration of dietary fiber and polyphenolics compounds may con-
tribute to changes in the colonic environment and the reduction of
oxidative stress in CKD patients. The fiber fermentation by the probiotic
can increase the production of short chain fatty acids and decrease the
colonic pH, favoring the growth of gram positive bacteria and reducing
the presence of lipopolysaccharide, one of the factors responsible for
the increase in oxidative stress and inflammation (Kallapura, Pumford,
Hernandez-velasco, & Hargis, 2014).

In our study, the oxidative stress was attenuated after the intake of the
extruded sorghum cereal with the probiotic dairy drink, since there was an
increase in SOD and TAC in the SG. The high intake of polyphenols com-
pounds from BRS 305 extruded sorghum (condensed tannins:
13.06 ± 1.52mg catechin/portion; flavonoids: 76.78 ± 12.92 μg total
3DXAs/portion; phenolic compounds: 44.20mg of gallic acid/portion) can
act directly on the inflammatory process owing to their antioxidant and
anti-inflammatory properties, avoiding or decreasing the formation of re-
active oxygen species (Cardoso et al., 2017; Castilla et al., 2008). Moreover,
the structures of these compounds, which are composed of phenolic rings
and hydroxyl groups, act directly on the formation of reactive oxygen
species by donating hydrogen or electrons and inhibit the oxidative reac-
tions of biological molecules (Vattem & Shetty, 2005). Furthermore, they

Fig. 3. Evaluation of oxidative stress markers in subjects with chronic kidney disease on hemodialysis after intervention. (A) - Comparison between the symbiotic group and the control
group. (B) - Comparison of the delta values (end values-baseline values); * Means followed by asterisks differed between groups at 5% probability (Student's t-test or Mann-Whitney).
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can also regulate the biosynthesis of glutathione and enzyme expression
which modulate the defense system against oxidative stress by continuously
converting highly reactive electrophilic species into non-toxic and ex-
cretable metabolites, that can modulate the transcription of factor Nrf2 and
prevent the activation of nuclear factor NF-κB (Cardoso et al., 2017; Kim,
Cha, & Surh, 2010; Saldanha et al., 2016) (Fig. 5).

CRP levels have been shown to be a good marker to define this
inflammation and the risk of cardiosvascular disease in CKD patients.
Its reduction in patients on hemodialysis has been associated with the
intake of polyphenols, which have high antioxidant and anti-in-
flammatory capacity (Seifried, Anderson, Fisher, & Milner, 2007). In
fact, our study demonstrated that supplementation with sorghum
breakfast cereal (source of phenolic compounds) with unfermented
probiotic milk drink can prevent the progression of inflammation, since
the CRP levels in the test group decreased after the intervention. García-
Mediavilla et al. (2007) showed that flavonoids can modulate CRP
expression and induce changes in nuclear factor kappa B (via NF-κB),
contributing to the anti-inflammatory effects through mechanisms that
may involve blocking the activation of NF-κB and the resulting increase
in the regulation of pro-inflammatory genes (Fig. 5).

In our study, the results can be attributed to the symbiotic effect of
sorghum bioactive compounds and probiotics, and some studies with
CKD patients have highlighted the use of probiotic products with the
strain Bifidobacterium longum for alleviation of inflammation and oxi-
dative stress (Ogawa et al., 2012; Taki et al., 2005). The antioxidant

effect has been demonstrated in healthy adults who consumed pasta (7
to 14 days) containing 30% of sorghum flour showed an increase in
SOD activity and TAC (Khan et al., 2015).

Thus, the extruded sorghum cereal intake consumed with un-
fermented probiotic milk drink improved the oxidative stress and in-
flammation in patients with CKD.

5. Conclusion

The sorghum extruded from cultivar BRS 305 presented higher
dietary fiber content, phenolic compounds and antioxidant activity
than that showed by extruded maize morning cereal. These chemical
characteristics are suitable to do this food part of the diet of patients
with CKD since the intake of this cereal combined with probiotic milk
with Bifidobacterium longum BL-G301 improved the inflammation and
the oxidative stress in individuals with CKD on hemodialysis.

Supplementary data to this article can be found online at https://
doi.org/10.1016/j.foodres.2018.03.004.
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