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Abstract

Objectives: Bread has long been one of the most popular foods and is the major source to supply energy, protein, minerals, and
vitamins. The type of bread making process may affect its nutritional value. This study aimed to investigate bread baking methods
and their effects on protein efficacy ratio (PER) and the status of some iron-related blood parameters in rats.
Methods: Four diets were used in this study, including a control diet (animals chow), fermented bread, non-fermented bread, and
soda bread. At first, some chemical parameters of flour and bread were measured, and then PER and some hematological parameters
were determined in rats. Descriptive statistics include mean ± standard deviation (SD), and analytical statistics include one-way
ANOVA and Tukey post hoc test. P < 0.05 was considered statistically significant.
Results: The wheat flour’s Fe was 18.68 mg/kg. The PER value was negative in the group that received soda bread, and the weight
gain was the lowest in the soda bread group. Ferritin, RBC, Hematocrit, BUN, MCV, and MCHC mean values were significantly lower
in the rats that received soda bread than other groups. There were no differences among groups in MCH.
Conclusions: Although bread can be used as a major source to supply energy protein and other nutritional values, the soda bread
making process may decrease protein efficacy ratio and cause debilitation of hematological parameters. These effects of soda can
disrupt the body’s physiological processes and lead to disease in the long run.

Keywords: Bread, Fermentation, Baking Soda, PER, Fe

1. Background

Bread making methods can have an important role in
decreasing or increasing availability and levels of bioac-
tive compounds (1-3). Bread is made up of flour, water,
yeast or leavening agent, and salt (4-6). It provides en-
ergy and an important amount of most dietary nutrients,
including carbohydrate, protein (7, 8), vitamins, particu-
larly thiamine, riboflavin, niacin, and pyridoxine, miner-
als (9), antioxidants, and phytochemicals (10). Cereals con-
tain phytic acid (PA) or myo-inositol hexakisphosphate (1 -
4%) (11), which is considered to be an anti-nutritional fac-
tor in the process of making bread or other food products
(12, 13). Phytic acid reduces the bioavailability of nutrients
such as protein, carbohydrate, and minerals because it has
high chelating activity (9, 14).

There are three main methods of bread making. In the
straight dough method, all ingredients are mixed in one
single step. In this method, some equipment is needed,
and it is different depending on the manufacturer’s equip-
ment and ingredients. The sponge and dough method is
the second one. There are many ways to make sponge,
such as using a leavening agent, yeast, and certain chem-
ical substances. These substances are mixed with flour, wa-
ter, and other ingredients depending on the required prod-
uct, and the mixture is left to develop for a few hours. In
the third method, the Chorleywood method, all ingredi-
ents are mixed in an ultrahigh mixer for a few minutes (15).

Iron deficiency is the most common and widespread
nutrient deficiency, which has serious negative public
health effects, especially in children and women (16). Iron
food fortification, supplementation, dietary diversifica-
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tion, and other public health programs are used to coun-
teract iron deficiency (17). In Iran, flour has been chosen as
the food vehicle for iron fortification (18). Bioavailability
of fortification is important. Using baking soda in sponge
and dough bread is an illegal method. Studies in Iran
have shown that baking soda in bread ranges from 2% to
47% (19). Owing to its alkaline and chemical properties, it
causes some disorders such as gastrointestinal disorders,
dyspepsia, disruption in digestion, and absorption of pro-
tein and minerals, as well as increases heavy metals absorp-
tion (e.g., lead and mercury) (20).

Given the disadvantages of using baking soda in bread
processing, knowing the harm of baking soda is an im-
portant priority in health care. Since bread is a popular
food in Iran, using soda in making bread can cause a va-
riety of illnesses in the long run (19). Hence, investigation
into bread making methods may reveal more information
such as bread quality, macronutrient, and micronutrient
bioavailability, protein efficiency, effective fortification in
public health strategies, etc.

2. Objectives

The present study aimed to examine bread baking
methods and their effects on protein efficiency ratio (PER)
and the status of some iron-related blood factors.

3. Methods

The research protocol was approved by the Faculty
of Medicine Ethics Committee for Animal Research of
Zahedan University of Medical Sciences, (ethical code:
IR.ZAUMS.REC.1394.286).

Four types of diet were used in this study. Control diet
was animals chow, and three other diets were made based
on Pourafshar et.al. methods with some modifications (21),
including fermentation method in which one portion of
iron-fortified wheat flour, 2% of Saccharomyces cerevisiae
(Dez-Maye, Iran) and 1% of salt (Reifan, Iran) were mixed
in a proper portion of drinking water (with 120 ppm to-
tal hardness) and the prepared dough was kept at room
temperature (25 - 27°C) for 120 min. Chemical method
(soda bread): in this method; iron-fortified wheat flour was
mixed with %2 baking soda (sodium bicarbonate) and 1%
salt; a proper portion of water was then added, and it was
all then mixed. Non-fermentation method: in this process,
one percent of salt was added to iron-fortified wheat flour
mixed in a proper portion of water. After kneading, the
dough was cooked in the oven (300°C). The prepared bread
was cooled and dried at room temperature, then finely
ground, mixed with a proper amount of water, and pressed
into cube shapes, and stored at 4°C in airtight containers.

The flour temperature was 20°C, water temperature
was 35°C, mixing time was 2 - 3 min, kneading time was 3
- 5 min, and the baking time was 9 - 10 min. Commercial
wheat flour with an 85% extraction rate was prepared from
the Flour Factory of Yaghobi Zahedan, Iran.

3.1. Animals

The study was conducted on 40 male rats aged 21 days.
The animals were categorized into four groups, and each
group with 10 rats. The animals were purchased from the
Laboratory Animal Research Center of Zahedan University
of Medical Sciences. They were adapted to the environ-
ment one week before the experiment by keeping them un-
der controlled environmental conditions such as free ac-
cess to water and food, a 12-hour cycle of light-darkness,
and 22°C ± 2°C.

The rats allocated to four groups were put into stain-
less steel cages (25× 22× 20 cm). For adaption, after wean-
ing (21days after born), the male rats received standard lab
chow for one weak and then were allocated to one of the
4 diets, randomly. Protein efficiency ratio (PER) was deter-
mined after 21 days of diet consumption. Food (protein) in-
take (weight of food consumed = weight of the total food
put in the cage-weight of food left in the gage-weight of
food fallen in the bottom of the cage) and weight gain were
determined for calculating PER via the following equation
(22):

PER = increase in weight of the rats/weight of protein
consumed.

The study was continued for one more month to de-
termine the effect of diet on the blood parameters such
as ferritin, hemoglobin (Hb), hematocrit (HCT), red blood
cells (RBC), total white blood cells (WBC), mean cell volume
(MCV), and some other factors.

3.2. Chemical Analysis

3.2.1. Flour Iron

Atomic absorption spectrophotometer (Shimadzo AA-
670, Kyoto) was used to measured iron content in the forti-
fied wheat flour.

3.2.2. Moisture Content

Gravimetric methods of AOAC (1995) was used to assess
the moisture content of the samples. Briefly, 5 g of the test
sample was weighed into metal containers (these contain-
ers were dried at 70 - 80°C for 2 h then were cooled in a
desiccator and weighed). An oven with air circulation was
used. The samples were dried at 105°C for 4 h, then were
cooled in a desiccator and weighed. Drying and cooling
were repeated at 30 min intervals until a constant weight
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was obtained. The below formula shows the percentage
weight of moisture calculation:

Moisture content (%) = ((weight of metal container +
sample before drying) - (weight of metal container + sam-
ple after drying))/ (weight of metal container + sample be-
fore drying) × 100

3.2.3. Ash Content

An electric furnace at 550°C for 2 h and Onwuka
method with some modifications was used to determine
ash content (23). Briefly, 2 g of the test sample was weighed
into porcelain crucible (dried and weighed previously),
and heated in an electric furnace; it was then cooled in des-
iccators. Heating and cooling were repeated to reach the
constant weight. Ash content (%) was calculated as follows:

Ash content (%) = ((porcelain crucible weight + sample
weight before turning to ash) - (porcelain crucible weight
+ sample weight after turning to ash))/ (porcelain crucible
weight + sample weight before turning to ash) × 100

3.2.4. Protein Content

Kjeldahl method with some modification as reported
by Onwuka (2005) was used to determine crude protein
content (23). In the digestion stage, 2 g of the test sample
was added to a micro-Kjeldahl flask containing a metallic
catalyst and 5 ml of concentrated H2SO4. Digestion contin-
ued at red hot temperature for 2 h, and the digested sample
was transferred into a volumetric flask. Afterward, the di-
gested sample was diluted to 50 ml in distilled water. In the
distillation stage, 10 mL of each dilution was transferred
into Kejeldahl apparatus, 10 mL of NaOH (40%) was added,
and it was distilled. In the titration stage, 10mL of Boric
acid (4%) solution containing three drops of indicator in
50 mL of distillate from each duplicate was used to make
titration with H2SO4 (0.02 N) to achieve a pink color. The
above stages were done for a blank sample. Percentage of
nitrogen multiplied by 6.25 as a correction factor was used
to calculate protein percentage. The following formula can
be used to determine nitrogen percentage:

Percentage of nitrogen in the sample = 1.4V × NW
Where, V = acid used in titration (mL), N = normality of

standard acid and W = weight of sample (g).

3.2.5. Hematological Assessment

The hematological parameters such as Hb, RBC, WBC,
and platelet (Plt) counts, hematocrit (Hct) percentage,
mean corpuscular hemoglobin (MCH), mean corpus-
cular hemoglobin concentration (MCHC), corpuscular
hemoglobin (MCH), mean corpuscular hemoglobin con-
centration (MCHC) and mean corpuscular volume (MCV)
were assessed by a hematology cell counter apparatus
(Sysmex KX-21, Japan).

Serum samples were used for diagnostic tests such as
ferritin, blood urea nitrogen (BUN), and creatinine (Cr) us-
ing commercial enzymatic kits (Pars Azmun, Theran, Iran),
according to the manufacturer’s instructions.

At the end of the experiment (day 85), under an
overnight fasting (12 - 14 h), the rats were anesthetized by
diethyl ether (Merck Germany) and blood samples were
collected from cervical vessels, after sacrificing the ani-
mals, in two tubes for each of them and the samples were
kept on ice and transferred to the laboratory for determi-
nation of hematological parameters.

3.3. Statistical Analyses

Descriptive statistics included mean± standard devia-
tion (SD), and analytical statistics included one-way ANOVA
and Tukey post hoc test. The level of significance applied
to statistical tests was P < 0.05. SPSS software version 16.0
(SPSS Inc., Chicago, Illinois, USA) was used for statistical
analyses.

4. Results

Table 1 shows the chemical and PER parameters among
the groups. Fe of wheat flour was 18.68 ± 2.1 mg/kg. Diet
protein content was different between the groups and it
was lower in the fermented and non-fermented bread and
the highest in the control group (animal chow diet). The
PER value was negative in the group that received soda
bread. The difference in the fermented bread and control
groups was non-significant. Body weight at the weaning
time (day 21) showed no significant difference between the
groups. After 3 and 8 weeks of the treatment, the weight
showed a significant difference between the groups. The
weight was constant in the soda bread group, while the
control group had the highest weight gain.

Table 2 shows some blood parameters. Mean of ferritin,
RBC, HCT, MCV, and MCHC were significantly lower in the
rats, which received a soda bread diet (P < 0.001). Regard-
ing other parameters such as MCH, significant differences
were not observed. Only in the control group, BUN was in
the normal range (24), while it was significantly lower in
the other groups and the lowest BUN was seen in the rats,
which received soda bread.

Although Hb (g/dL) was in the normal range in all
groups, in non-fermented bread and soda bread groups, it
was the same and lower compared to fermented and con-
trol groups.

5. Discussion

The results of protein efficiency ratio index (PER) in di-
ets showed that soda bread had a negative (-0.12) PER. In
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Table 1. Chemicals and Biological Status of Parameters in Different Dietary Groups a , b

Fermented Bread Soda Bread Non-Fermented Bread Control (Animal Chow) P-Value

Ash (%) 7.26 ± 0.15 A 7.43 ± 0.20 A 9.16 ± 0.35 B 9.06 ± 0.86 B 0.002

Moisture (%) 6.90 ± 0.26 A 6.88 ± 0.12 A 6.50 ± 0.26 A 9.63 ± 0.47 B < 0.001

protein (%) 10.66 ± 0.26 A 11.47 ± 0.2 A 10.58 ± 0.31 B 20.12 ± 0.56) D < 0.001

PER 1.03 ± 0.23 A - 0.12 ± 0.33 B 0.54 ± 0.15 C 0.95 ± 0.27 D < 0.001

weight at day 21 (g) 61.5 ± 5.46 A 62 ± (3.77) A 62.3 ± 3.09 A 57.60 ± 3.94) A 0.06

weight at the end (g) 120.8 ± 22.66 A 83.61 ± 4.87 B 107.60 ± 21.82 A 125.6 ± 14.19 A < 0.001

aData reported as mean ± standard deviation (SD).
bDifferent capital letters (A, B, C) in each row shows that the values are significantly different (P < 0.05).

Table 2. Hematological and Iron Status Parameters in Different Dietary Groups

Fermented Bread Soda Bread Non-Fermented Bread Control (Animal Chow) P- Value

Ferritin (ng/mL) 7.90± 0.46 A 6.22 ± 0.28 B 7.40 ± 0.34 AB 7.10 ± 0.46 AB .04

RBC (106 /µL) 7.32 ± 0.11 A 6.34 ± 0.14 B 7.31± 0.06 A 7.66 ± 0.05 A < 0.001

Hb (g/dL) 14.12 ± 0.095 A 12.99 ± 0.13 B 13.51 ± 0.24 B 15.11 ± 0.06 c < 0.001

Hct (%) 39.41 ± 0.54 A 31.71 ± 1.68 B 38.01 ± 0.54 A 40.52 ± .36 A < 0.001

MCV (fL) 2.21 ± 0.69 A 4.56 1.52 B 2.38 ± 0.75 AB 1.73 ± 0.55 A 0.004

MCH (Pg) 19.12 ± 0.34 20.02 ± 0.56 18.97 ± 0.04 19.75 ± 0.11 0.08

MCHC (g/dL) 35.15 ± 0.89 A 39.87 ± 1.20 B 35.87 ± 0.56 A 37.22 ± .82 AB 0.004

BUN (mmol/L) 14.70 ± 1.83 AB 9.78 ± 1.27 AC 15.30 ± 2.53 A 18.50 ±1.48 B 0.02

Creatinine (µmol/L) 0.28 ± 0.04 A 0.38 ± 0.05 A 0.43 ± .03 A 0.39 ± 0.05 A 0.09

WBC (103 /µL) 5.06 ± 0.21 AB 3.90 ± 0.38 A 5.32 ± 0.36 B 9.66 ± 0.29 C < 0.001

Plt (X100) (103 /µL) 551.10 ± 15.59 A 770 ± 74.35 B 598.70 ± 60.27 AB 685.30 ± 10.48 A 0.01

a Data reported as mean ± standard deviation (SD).
b Different capital letters (A, B, C) in each row shows that the values are significantly different (P < 0.05).

other groups, it did not show a significant difference. PER
method is based on the assessment of animal or human
growth. It shows nitrogen balance, digestibility, and ab-
sorption of amino acids in ingested food (25). Several fac-
tors, such as starch and protein digestibility, type of dietary
fiber, mineral absorption, fermentation, and toxic sub-
stance, may explain the differences between soda bread
and other groups (26-28). Multiple factors influence pro-
tein quality, such as basic amino acids or carbonyl-amine
reaction (29), baking temperature, crump, limited amino
acids, pH, and Maillard browning reaction that decrease ly-
sine and methionine (30). Alkali treatments cause racem-
ization in amino acids. This phenomena has been known
since the first half of the 20th century (31) and some D-
amino acids, such as D-tyrosine and D-lysine, may be dele-
terious and inhibit the growth of rats. Moreover, gastric
juice neutralized by NaOH and also digestion of protein
can disrupt and prevent the absorption of protein (32).

Chemical parameters analyses of bread prepared by
three methods showed some differences in the ash, pro-

tein and moisture contents. This may be explained by a dif-
ference in moisture content. The flour iron content in our
study was higher than that in studies by Rodriguez-Ramiro
et al. and Bruggraber et al., who used whole meal bread (33,
34) (18.68 mg/kg against, 2.4 - 3.4 mg/100). This is due to the
use of fortified wheat flour.

Serum ferritin content showed a significant difference
between fermented bread and soda bread groups; RBC con-
tent was significantly different between soda bread and
other groups; Hb content was not significant between soda
bread and non-fermented bread group, and finally, Hct
percentage was significantly different between soda bread
and other groups. Ferritin is a major iron storage pro-
tein, and there is a positive correlation with body iron
storage (35). Hemoglobin and hematocrit are parameters
that show Fe status in the body and can be used in iron
deficiency anemia (IDA) detection. In this study, they de-
creased in the rats that received soda bread. Iron absorp-
tion from the diet is a multi-factorial process. Achlorhy-
dria or neutralization of gastric acid can decrease Fe ab-
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sorption. In soda bread and non-fermented bread, pH is
higher than fermented bread.

Rodriguez et al. (2017) showed that the sourdough
bread process increased the bioaccessible endogenous
iron compared to the conventional yeast and Chorleywood
bread making process. They mentioned that the results
were due to the decomposition of fiber (33). The strain
of Saccharomyces cerevisiae is important because it has the
ability to grow in iron-fortified wheat flour. Zhang et al.
(2016) study showed a wild-type strain no. YM1504 had an
effective restorative function by returning the blood Fe pa-
rameters (36). Although phytases during bread making
could decrease from 13% to 100%, the method of dough pro-
cessing is very important. In bread processed by bicarbon-
ate of soda, very little or no phytate was hydrolyzed. In
fact, phytic acid content reduced 52% in bread fermented
by baker’s yeast and 71% in sourdough bread (37).

Low-pH of gastric juice is needed for the activation of
gastric enzymes, denaturation and digestion of proteins
and increased concentration of small peptides and free
amino acids in the gut and minerals to dissociate com-
plexes with proteins and other ligands to be absorbed (38).
Hence, the decrease of such parameters that reflect the
iron absorption status can be explained in the soda bread.

Cereals have been known as a good source of B vita-
mins such as thiamine and folate. These vitamins are de-
creased by the increase of flour extraction. Although we
used fortified flour with iron and folate, blood parameters
related to folate and vitamin B12 status (MCV, MCH, and
MCHC) showed variation.

Moreover, MCV and MCHC increased in the soda bread
group and showed a significant difference compared to the
other groups. Ingestion of alkaline substances reduces fo-
late absorption (39), and although cereals are not a good
source of vitamin B12, the use of long-term acid suppres-
sion substances increases its deficiency (40). Yeast fermen-
tation, lactic acid bacteria, and sourdough bacteria, how-
ever, have different abilities to increase the folate content
in the baking process. The minimal effect of the fermen-
tation is the retention of vitamins in the baking process
(41). Batifoulier et al. (2005) reported that the white bread
classical fermentation process (short fermentation) leads
to a 48% loss of thiamine. Longer fermentation time in-
creased thiamine concentrations. Long fermentation pro-
cess with yeast, in whole wheat bread, increased the con-
tents of riboflavin. They did not observe a synergistic ef-
fect by using mixed fermentation of yeast plus sourdough
on vitamin B levels (42). Blood Urea Nitrogen (BUN) test
and Cr are markers that show kidney function, consump-
tion of protein, muscle function, muscle composition, ac-
tivity, and health status. The present study showed that
the lower level of BUN in the soda bread group was sig-

nificantly different from the other groups. Increased BUN
seems to be associated with kidney disease or failure, de-
hydration, fever, shock and bleeding in the digestive tract.
Low levels are also seen in trauma, surgery, opioids, mal-
nutrition, and anabolic steroid use. Creatinine blood lev-
els rise up when kidney filtration is abnormal (43). In this
study, lower BUN can be explained by malnutrition (low
weight gain) and decrease of PER, indicating that although
soda bread has protein like other kinds of bread, its qual-
ity is low. This finding is in line with Nawagwu et al. (2000)
study that showed maternal low protein diet lead to pro-
gressive deterioration of renal function in rats (44). In the
present study, although creatinine blood level is relatively
higher in the non-fermented bread group, it is not signif-
icantly different from other groups, which indicates that
the kidney was not yet adversely affected by bread process-
ing.

Moreover, in this study, WBC content in the groups
that used bread was significantly lower than the control
group. Although significant differences were not observed
between the soda bread group against fermented and non-
fermented bread groups, its content was lower. In fact,
WBC plays a major role in the defense mechanism in or-
ganisms. WBC content and its subgroups are affected by
many factors such as diet, energy, protein, essential fatty
acids, minerals and vitamins, etc. (45). Prestes-Carneiro et
al. (2006) showed that long term maternal protein malnu-
trition retarded growth curve, macrophage function, body
composition, and hematological status (46). Castaneda
et al. (1995) showed that a low protein diet leads to loss
of body mass, muscle function, and immune response in
elderly women (47). Ekis et al. (2005) studied the effect
of IDA on immunity in children. They found that there
was no difference in the distribution of T lymphocyte sub-
groups, but the percentage of monocytes with phagocytic
activity or oxidative burst activity and percentage of neu-
trophils monocytes with phagocytic activity or oxidative
burst activity were lower in IDA. These findings emphasize
the importance of the body iron status in the immuno-
genic mechanisms (48).

In this study, platelets (Plt) were significantly higher
in soda bread and non-fermented bread compared to fer-
mented bread and control diet groups. Platelet count is
important for blood clotting, and the increase of platelets
may be due to reactive thrombocytosis. The results showed
an inverse relationship between Plt and ferritin, RBC, Hb,
and Htc contents. These findings are in line with the find-
ings by Kadikoylu et al. (2006) who reported that platelet
count increased when serum iron, iron saturation, ferritin
and mean platelet volume decreased (49). Andrewe et
al. (2018) found a significant difference in Plt among Vis-
tar rats fed on a diet containing calcium carbide ripened
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mango fruits; moreover, Plt value was higher in the groups
with lower RBC, Hb, and HCT content (50).

5.1. Conclusion

Although the cereal group provides important
amounts of most nutrients and bread can be used as
a major source supply of energy, protein and other nu-
tritional elements, the type of processing may decrease
or increase the levels of the bioactive compounds. Soda
bread making process has had a dramatically adverse
effect on nutritional value of bread. Based on our results,
soda bread making process can decrease protein efficacy
ratio and cause debilitation of hematological parameters.
These effects of soda can disrupt the body’s physiological
processes and lead to disease in the long run. If in some
regions, soda is used routinely or traditionally in the bread
making process, the assessment of blood parameters in
people can be considered.

Finally, it is necessary to familiarize bread producers
and consumers with the disadvantages of soda and recom-
mend that soda not be used in the bread processing pro-
cess.

Acknowledgments

The authors express their gratitude to the staff of Za-
hedan University of Medical Sciences for their kind collab-
oration. This research is based on the general doctoral the-
sis of Dr. Tahereh Eghbali (No. 1670).

Footnotes

Authors’ Contribution: Study concept and design: A. Da-
shipour, H. Fanaie, and T. Eghbali.; analysis and interpre-
tation of data: A. Dashipour and H. Fanaie; drafting the
manuscript: A. Dashipour, H. Fanaie and A.Khazaie; criti-
cal revision of the manuscript for important intellectual
content: A. Dashipour, H. Fanaie; statistical analysis: A. Da-
shipour.

Conflict of Interests: The authors declare no conflict of
interest.

Ethical Approval: The research protocol was approved by
the Faculty of Medicine Ethics Committee for Animal Re-
search of Zahedan University of Medical Sciences, (ethical
code: IR.ZAUMS.REC.1394.286).

Funding/Support: No funding

References

1. Slavin J. Why whole grains are protective: biological mechanisms.
Proc Nutr Soc. 2003;62(1):129–34. doi: 10.1079/PNS2002221. [PubMed:
12740067].

2. Jackel S. New value-added opportunities. Cereal foods world (USA).
1994.

3. Slavin JL, Jacobs D, Marquart L. Grain processing and nu-
trition. Crit Rev Food Sci Nutr. 2000;40(4):309–26. doi:
10.1080/10408690091189176. [PubMed: 10943592].

4. Martin P. Controlling the breadmaking process: the role of bubbles
in bread. Cereal foods world. 2004;49(2):72–5.

5. Sluimer PS. Principles of breadmaking: functionality of rawmaterials and
process steps. Amer Assn of Cereal Chemists; 2005.

6. Mtelisi DN, Xu F, Zhao R. The efficacy of sorghum flour addition on
dough rheological properties and bread quality: A short review.Grain
Oil Sci Technol. 2020. doi: 10.1016/j.gaost.2020.08.001.

7. Truswell AS. Cereal grains and coronary heart disease. Eur J Clin Nutr.
2002;56(1):1–14. doi: 10.1038/sj.ejcn.1601283. [PubMed: 11840174].

8. Shelton DR, Lee DRS, Won J. Cereal carbohydrates. 2nd ed. New York:
Food Science And Technology-Marcel Dekker; 2000. p. 385–416.

9. Bock MA. Minor constituents of cereals. New York: Food Science And
Technology-Marcel Dekker; 2000.

10. de la Guardia M, Garrigues S. Handbook of mineral elements in food.
John Wiley & Sons; 2015. doi: 10.1002/9781118654316.

11. Pandey A, Szakacs G, Soccol CR, Rodriguez-Leon JA, Soccol VT. Pro-
duction, purification and properties of microbial phytases. Bioresour
Technol. 2001;77(3):203–14. doi: 10.1016/s0960-8524(00)00139-5.

12. Lopez HW, Ouvry A, Bervas E, Guy C, Messager A, Demigne C, et
al. Strains of lactic acid bacteria isolated from sour doughs de-
grade phytic acid and improve calcium and magnesium solubility
from whole wheat flour. J Agric Food Chem. 2000;48(6):2281–5. doi:
10.1021/jf000061g. [PubMed: 10888537].

13. Nasser JM, Hammood EK. Effect of flour type on phytic acid degrada-
tion during biscuit making. Plant Archives. 2020;20(1):325–30.

14. Dewettinck K, Van Bockstaele F, Kühne B, Van de Walle D, Courtens TM,
Gellynck X. Nutritional value of bread: Influence of processing, food
interaction and consumer perception. J Cereal Sci. 2008;48(2):243–57.
doi: 10.1016/j.jcs.2008.01.003.

15. Giannou V, Kessoglou V, Tzia C. Quality and safety characteristics of
bread made from frozen dough. rends Food Sci Technol. 2003;14(3):99–
108. doi: 10.1016/s0924-2244(02)00278-9.

16. Petry N, Egli I, Zeder C, Walczyk T, Hurrell R. Polyphenols and phytic
acid contribute to the low iron bioavailability from common beans in
young women. J Nutr. 2010;140(11):1977–82. doi: 10.3945/jn.110.125369.
[PubMed: 20861210].

17. Sadighi J, Sheikholeslam R, Mohammad K, Pouraram H, Abdollahi Z,
Samadpour K, et al. Flour fortification with iron: a mid-term evalua-
tion. PublicHealth. 2008;122(3):313–21. doi: 10.1016/j.puhe.2007.05.002.
[PubMed: 17645902].

18. Abdollahi Z, Elmadfa I, Djazayery A, Golalipour MJ, Sadighi J, Salehi
F, et al. Efficacy of flour fortification with folic acid in women
of childbearing age in Iran. Ann Nutr Metab. 2011;58(3):188–96. doi:
10.1159/000329726. [PubMed: 21757892].

19. Rezaiimofrad M, Rangraz Jeddi F, Azarbad Z. Baking soda and salt
in bakeries of Mehrdasht (Najafabad), Isfahan, Iran: a survey on a
typical rural population in a developing country. J Prev Med Hyg.
2013;54(1):53–6. [PubMed: 24397007]. [PubMed Central: PMC4718359].

20. Pilevar Djavid M, Naeemi Kararoudi A, Rezayi A, Kalavari A. Evaluation
of the bio-yeast and baking soda consumption in the bread products
in the first six month of 2014 in Guillan province. Nutr Food Sci Res.
2014;1(SUPPL. (1)).

21. Pourafshar S, Rosentrater KA, Krishnan PG. Production of barbari
bread (traditional Iranian bread) using different levels of distillers
dried grains with solubles (DDGS) and sodium stearoyl lactate (SSL).
Foods. 2018;7(3). doi: 10.3390/foods7030031. [PubMed: 29494562].
[PubMed Central: PMC5867546].

22. Baardseth P, Kvaal K, Lea P, Ellekjær MR, Færgestad EM. The effects of
bread making process and wheat quality on French baguettes. J Cereal
Sci. 2000;32(1):73–87. doi: 10.1006/jcrs.2000.0320.

6 Health Scope. 2020; 9(4):e107390.

http://dx.doi.org/10.1079/PNS2002221
http://www.ncbi.nlm.nih.gov/pubmed/12740067
http://dx.doi.org/10.1080/10408690091189176
http://www.ncbi.nlm.nih.gov/pubmed/10943592
http://dx.doi.org/10.1016/j.gaost.2020.08.001
http://dx.doi.org/10.1038/sj.ejcn.1601283
http://www.ncbi.nlm.nih.gov/pubmed/11840174
http://dx.doi.org/10.1002/9781118654316
http://dx.doi.org/10.1016/s0960-8524(00)00139-5
http://dx.doi.org/10.1021/jf000061g
http://www.ncbi.nlm.nih.gov/pubmed/10888537
http://dx.doi.org/10.1016/j.jcs.2008.01.003
http://dx.doi.org/10.1016/s0924-2244(02)00278-9
http://dx.doi.org/10.3945/jn.110.125369
http://www.ncbi.nlm.nih.gov/pubmed/20861210
http://dx.doi.org/10.1016/j.puhe.2007.05.002
http://www.ncbi.nlm.nih.gov/pubmed/17645902
http://dx.doi.org/10.1159/000329726
http://www.ncbi.nlm.nih.gov/pubmed/21757892
http://www.ncbi.nlm.nih.gov/pubmed/24397007
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4718359
http://dx.doi.org/10.3390/foods7030031
http://www.ncbi.nlm.nih.gov/pubmed/29494562
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5867546
http://dx.doi.org/10.1006/jcrs.2000.0320


Fanaei H et al.

23. Offia-Olua BI. Chemical, functional and pasting properties of
wheat ( Triticumspp )-walnut ( Juglansregia ) flour. Food Nutr Sci.
2014;5(16):1591–604. doi: 10.4236/fns.2014.516172.

24. Stender RN, Engler WJ, Braun TM, Hankenson FC. Establishment of
blood analyte intervals for laboratory mice and rats by use of a
portable clinical analyzer. J Am Assoc Lab Anim Sci. 2007;46(3):47–52.
[PubMed: 17487953].

25. Millward DJ, Layman DK, Tome D, Schaafsma G. Protein quality as-
sessment: impact of expanding understanding of protein and amino
acid needs for optimal health.Am JClinNutr. 2008;87(5):1576S–81S. doi:
10.1093/ajcn/87.5.1576S. [PubMed: 18469291].

26. Brites CM, Trigo MJ, Carrapico B, Alvina M, Bessa RJ. Maize and resis-
tant starch enriched breads reduce postprandial glycemic responses
in rats. Nutr Res. 2011;31(4):302–8. doi: 10.1016/j.nutres.2011.02.001.
[PubMed: 21530804].

27. Lafiandra D, Riccardi G, Shewry PR. Improving cereal grain car-
bohydrates for diet and health. J Cereal Sci. 2014;59(3):312–26. doi:
10.1016/j.jcs.2014.01.001. [PubMed: 24966450]. [PubMed Central:
PMC4064937].

28. Miller R, Stanner S. A summary of evidence on the digestion, absorp-
tion and metabolism of white bread carbohydrates. British Nutrition
Foundation. 2016.

29. Okoye JI, Okaka JC. Production and evaluation of protein quality
of bread from wheat cowpea flour blends. Cont J Food Sci Technnol.
2009;3:1–7.

30. Palamidis N, Markakis P. Effect of baking and toasting on the pro-
tein quality and lysine availability of bread. J Food Process Preserv.
1980;4(3):199–210. doi: 10.1111/j.1745-4549.1980.tb00605.x.

31. Friedman M. Origin, microbiology, nutrition, and pharmacol-
ogy of D-amino acids. Chem Biodivers. 2010;7(6):1491–530. doi:
10.1002/cbdv.200900225. [PubMed: 20564567].

32. Friedman M. Formation, nutritional value, and safety of D-amino
acids.Nutritional and toxicological consequences of foodprocessing. 289.
Springer; 1991. p. 447–81. doi: 10.1007/978-1-4899-2626-5_31.

33. Rodriguez-Ramiro I, Brearley CA, Bruggraber SF, Perfecto A, Shewry P,
Fairweather-Tait S. Assessment of iron bioavailability from different
bread making processes using an in vitro intestinal cell model. Food
Chem. 2017;228:91–8. doi: 10.1016/j.foodchem.2017.01.130. [PubMed:
28317782]. [PubMed Central: PMC5380216].

34. Bruggraber SF, Chapman TP, Thane CW, Olson A, Jugdaohsingh
R, Powell JJ. A re-analysis of the iron content of plant-based
foods in the United Kingdom. Br J Nutr. 2012;108(12):2221–8. doi:
10.1017/S0007114512000360. [PubMed: 22377356]. [PubMed Central:
PMC3398148].

35. Watanabe K, Yamashita Y, Ohgawara H, Sekiguchi M, Satake N, Orino
K, et al. Iron content of rat serum ferritin. J VetMed Sci. 2001;63(5):587–
9. doi: 10.1292/jvms.63.587. [PubMed: 11411511].

36. Zhang XG, Wei GX, Wang WN, Ma GD, Tang P, Chen XQ. Effects of Fe-
YM1504 on iron deficiency anemia in rats. Food Funct. 2016;7(7):3184–
92. doi: 10.1039/c6fo00423g. [PubMed: 27326788].

37. Lopez HW, Duclos V, Coudray C, Krespine V, Feillet-Coudray C, Mes-

sager A, et al. Making bread with sourdough improves mineral
bioavailability from reconstituted whole wheat flour in rats. Nutri-
tion. 2003;19(6):524–30. doi: 10.1016/s0899-9007(02)01079-1. [PubMed:
12781853].

38. Benito P, Miller D. Iron absorption and bioavailability: An updated
review. Nutr Res. 1998;18(3):581–603. doi: 10.1016/s0271-5317(98)00044-
x.

39. Russell RM, Dhar GJ, Dutta SK, Rosenberg IH. Influence of intralumi-
nal pH on folate absorption: studies in control subjects and in pa-
tients with pancreatic insufficiency. J Lab Clin Med. 1979;93(3):428–36.
[PubMed: 34665].

40. Force RW, Meeker AD, Cady PS, Culbertson VL, Force WS, Kelley CM.
Ambulatory care increased vitamin B12 requirement associated with
chronic acid suppression therapy. Ann Pharmacother. 2003;37(4):490–
3. doi: 10.1345/aph.1C037. [PubMed: 12659601].

41. Poutanen K, Flander L, Katina K. Sourdough and cereal fermentation
in a nutritional perspective. Food Microbiol. 2009;26(7):693–9. doi:
10.1016/j.fm.2009.07.011. [PubMed: 19747602].

42. Batifoulier F, Verny MA, Chanliaud E, Rémésy C, Demigné C. Effect
of different breadmaking methods on thiamine, riboflavin and pyri-
doxine contents of wheat bread. J Cereal Sci. 2005;42(1):101–8. doi:
10.1016/j.jcs.2005.03.003.

43. Gowda S, Desai PB, Kulkarni SS, Hull VV, Math AA, Vernekar SN. Mark-
ers of renal function tests. N Am J Med Sci. 2010;2(4):170–3. [PubMed:
22624135]. [PubMed Central: PMC3354405].

44. Nwagwu MO, Cook A, Langley-Evans SC. Evidence of progressive dete-
rioration of renal function in rats exposed to a maternal low-protein
diet in utero. Br J Nutr. 2000;83(1):79–85. [PubMed: 10703467].

45. Calder PC, Kew S. The immune system: a target for functional foods?
Br J Nutr. 2002;88 Suppl 2:S165–77. doi: 10.1079/BJN2002682. [PubMed:
12495459].

46. Prestes-Carneiro LE, Laraya RD, Silva PR, Moliterno RA, Felipe I, Math-
ias PC. Long-term effect of early protein malnutrition on growth
curve, hematological parameters and macrophage function of rats.
J Nutr Sci Vitaminol (Tokyo). 2006;52(6):414–20. doi: 10.3177/jnsv.52.414.
[PubMed: 17330504].

47. Castaneda C, Charnley JM, Evans WJ, Crim MC. Elderly women accom-
modate to a low-protein diet with losses of body cell mass, muscle
function, and immune response. Am J Clin Nutr. 1995;62(1):30–9. doi:
10.1093/ajcn/62.1.30. [PubMed: 7598064].

48. Ekiz C, Agaoglu L, Karakas Z, Gurel N, Yalcin I. The effect of iron de-
ficiency anemia on the function of the immune system. Hematol J.
2005;5(7):579–83. doi: 10.1038/sj.thj.6200574. [PubMed: 15692603].

49. Kadikoylu G, Yavasoglu I, Bolaman Z, Senturk T. Platelet parameters in
women with iron deficiency anemia. J NatlMedAssoc. 2006;98(3):398–
402. [PubMed: 16573304]. [PubMed Central: PMC2576122].

50. Andrew GS, Simon UT, John AU, Godwin Obochi O, Alexander NI, Ik-
agu YM. Studies on changes in some haematological and plasma bio-
chemical parameters in wistar rats fed on diets containing calcium
carbide ripened mango fruits. Int J Food Sci Nutr Engin. 2018;8(2):27–36.
doi: 10.5923/j.food.20180802.02.

Health Scope. 2020; 9(4):e107390. 7

http://dx.doi.org/10.4236/fns.2014.516172
http://www.ncbi.nlm.nih.gov/pubmed/17487953
http://dx.doi.org/10.1093/ajcn/87.5.1576S
http://www.ncbi.nlm.nih.gov/pubmed/18469291
http://dx.doi.org/10.1016/j.nutres.2011.02.001
http://www.ncbi.nlm.nih.gov/pubmed/21530804
http://dx.doi.org/10.1016/j.jcs.2014.01.001
http://www.ncbi.nlm.nih.gov/pubmed/24966450
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4064937
http://dx.doi.org/10.1111/j.1745-4549.1980.tb00605.x
http://dx.doi.org/10.1002/cbdv.200900225
http://www.ncbi.nlm.nih.gov/pubmed/20564567
http://dx.doi.org/10.1007/978-1-4899-2626-5_31
http://dx.doi.org/10.1016/j.foodchem.2017.01.130
http://www.ncbi.nlm.nih.gov/pubmed/28317782
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5380216
http://dx.doi.org/10.1017/S0007114512000360
http://www.ncbi.nlm.nih.gov/pubmed/22377356
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3398148
http://dx.doi.org/10.1292/jvms.63.587
http://www.ncbi.nlm.nih.gov/pubmed/11411511
http://dx.doi.org/10.1039/c6fo00423g
http://www.ncbi.nlm.nih.gov/pubmed/27326788
http://dx.doi.org/10.1016/s0899-9007(02)01079-1
http://www.ncbi.nlm.nih.gov/pubmed/12781853
http://dx.doi.org/10.1016/s0271-5317(98)00044-x
http://dx.doi.org/10.1016/s0271-5317(98)00044-x
http://www.ncbi.nlm.nih.gov/pubmed/34665
http://dx.doi.org/10.1345/aph.1C037
http://www.ncbi.nlm.nih.gov/pubmed/12659601
http://dx.doi.org/10.1016/j.fm.2009.07.011
http://www.ncbi.nlm.nih.gov/pubmed/19747602
http://dx.doi.org/10.1016/j.jcs.2005.03.003
http://www.ncbi.nlm.nih.gov/pubmed/22624135
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3354405
http://www.ncbi.nlm.nih.gov/pubmed/10703467
http://dx.doi.org/10.1079/BJN2002682
http://www.ncbi.nlm.nih.gov/pubmed/12495459
http://dx.doi.org/10.3177/jnsv.52.414
http://www.ncbi.nlm.nih.gov/pubmed/17330504
http://dx.doi.org/10.1093/ajcn/62.1.30
http://www.ncbi.nlm.nih.gov/pubmed/7598064
http://dx.doi.org/10.1038/sj.thj.6200574
http://www.ncbi.nlm.nih.gov/pubmed/15692603
http://www.ncbi.nlm.nih.gov/pubmed/16573304
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2576122
http://dx.doi.org/10.5923/j.food.20180802.02

	Abstract
	1. Background
	2. Objectives
	3. Methods
	3.1. Animals
	3.2. Chemical Analysis
	3.2.1. Flour Iron
	3.2.2. Moisture Content
	3.2.3. Ash Content
	3.2.4. Protein Content
	3.2.5. Hematological Assessment

	3.3. Statistical Analyses

	4. Results
	Table 1
	Table 2

	5. Discussion
	5.1. Conclusion

	Acknowledgments
	Footnotes
	Authors' Contribution: 
	Conflict of Interests: 
	Ethical Approval: 
	Funding/Support: 

	References

