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Abstract

Diets rich in plant products have become popular in recent times due to the contribution of essential macronutrients, as well as 
micronutrients with beneficial characteristics for health and sesame (Sesamum indicum) is part of this group of foods for its protein 
content and its content of mono- and polyunsaturated fatty acids that contribute to the prevention of chronic non-communicable 
diseases. However, there are secondary metabolites synthesized by plants as protective mechanisms, called anti-nutritional factors, 
which affect the nutritional value of certain foods, in this case sesame seeds. We studied the effect on three different varieties of 
sesame seeds (DV-9; Guesa-4 and Guesa-150 whole and dehulled, the application of an alkaline treatment (KOH 0.7%) at 55°C for 5; 
10 and 15 minutes, on the reduction of antinutritional factors (saponins, phytic acid and oxalates). The most effective treatment in re-
ducing antinutritional factors was the alkaline treatment dehulled for 15 minutes because it reduced the content for the DV-9 variety, 
of saponins, phytic acid and oxalates by 27.76; 93.27 and 88.63% respectively, for the Guesa-4 variety by 23.79; 92.22 and 92.06% 
respectively and for the Guesa-150 variety by 23.79; 86.88 and 91.36% respectively. These results showed that when seeds were 
exposed to 0.7% KOH solution for 15 minutes, the phytic acid and oxalate content was reduced by a high percentage. The alkaline 
dehulled treatment during 15 minutes, produced changes in the proximal composition of the varieties of seeds studied, generating 
an increase in the content of moisture, crude protein and crude fat, and reduced the content of ash and carbohydrates.
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Introduction 
Diets rich in plant products have become popular in recent 

times due to both the supply of essential nutrients and chemical 
compounds with health-promoting characteristics, such as vita-
mins and antioxidants. A diet rich in whole grains and plant foods, 
low in total fat but high in soluble fibers and monounsaturated and 
polyunsaturated fatty acids, reduces the risk of chronic non-com-
municable diseases [1]. This food group includes sesame seeds, 
which have various nutritional properties [2]. Sesame, whose 
scientific name is Sesamum indicum L., belongs to the Pedaliaceae 
family, which is composed of 16 genera and 60 species [3]. Sesame 
is grown in tropical and subtropical regions on just over seven mil-

lion hectares to produce six million tonnes per year [4]. The de-
mand for sesame seed has increased every year due to commercial 
and industrial interest in the high oil content. Myanmar, India and 
China are now the world’s leading producers, followed by Sudan, 
Nigeria, Ethiopia and Uganda. In America the largest producers are: 
Mexico, Guatemala, and Venezuela [4]. Sesame is used for the pro-
duction of edible oil, margarines (it is appreciated in countries that 
consume it for its pleasant taste and being easily digestible), as an 
ingredient in the pharmaceutical industry, in the manufacture of 
soaps, cosmetics and paints. After the extraction of the oil, the re-
sidual part (cake) remains, useful for feeding livestock and poultry. 
It contains 40 to 50% protein. Sesame seed is used in the prepa-
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ration of biscuits and confectionery [5,6]. The term antinutrients 
areis used to qualify those compounds that affect the nutritional 
value of some foods, especially seeds, because they hinder or in-
hibit the assimilation of nutrients that come from foods generally 
of plant origin (proteins and minerals), from the biochemical point 
of view these factors are of varied nature and can become toxic or 
cause undesirable physiological effects such as flatulence, Stomach 
distension, pancreatic affectations, agglutination of red blood cells, 
decrease in the assimilation of nutrients, among others, antinutri-
tional factors are natural non-fibrous substances, generated by the 
secondary metabolism of plants as a defense mechanism to stress-
ful situations or against the attack of moulds, bacteria, insects and 
birds [1,7]. Authors have [8] evaluated the effect of various treat-
ments on the anti-nutritional factors of both whole and dehulled 
varieties of sesame seeds in Nigeria and observed that the use of 
water soaking, germination, autoclaving, roasting and cooking sig-
nificantly reduced the levels of phytates and oxalates in whole and 
dehulled sesame seeds, with a maximum reduction in these levels 
after germination. Others [9] determined the content of anti-nu-
tritional factors in sesame seeds during four days of fermentation, 
and it was observed that there was a 50% reduction in phytic acid 
content, while the oxalate content was reduced by 69%, after 96 
hours of fermentation. In accordance with the above, it was pro-
posed in the present work to evaluate the application of an alkaline 
treatment to reduce anti-nutritional factors in sesame seeds for use 
in the human diet, select the most effective treatments and perform 
a proximal analysis to evaluate the effect of the selected treatments 
on the nutritional composition of the seeds.

Materials and Methods
Collection/preparation of sesame seed flour

The sesame seeds (Sesamun indicum L.) varieties Guesa-150, 
Guesa-4 and DV-9, were provided by the company Comercializa-
dora Guesa C.A, located in Turen, Portuguesa state, in the Bolivar-
ian Republic of Venezuela. Sesame seeds were washed with po-
table water, then alkaline treatment (KOH 0.7%) was applied at a 
temperature of 55°C for 5, 10 and 15 minutes. Whole and dehulled 
seeds were obtained. In the case of dehulled seeds, once the treat-
ment in study was applied, the raw material was homogenized in 
a Metvisa® brand blender for 30 seconds. Then, the seeds were 
placed inside a 14 mesh sieve and successive washings (minimum 
3) were performed, under water pressure in order to retain the 

bark of the seeds. To obtain whole seeds, after applying the treat-
ment in study, successive washings with jet water were realized 
(minimum 3), trying to manipulate the seeds as less as possible. 
Once obtained the seeds (whole and dehulled) they were dried 
in a tray dehydrator (Mitchel Dryers 6451/59) to a temperature 
of 55 ºC during 5 hours. After drying the seeds, they were cold 
pressed, using a hydraulic press (Fisher Scientific Co. Carver Labo-
ratory Press model B), under a pressure of approximately 24,000 
psi, with which oil and cake (residue) were obtained. Once the oil 
was extracted, it was centrifuged and filtered and then stored in 
clean, dry glass containers. The cake was then reduced in size using 
a Corona® brand disc mill, and the material obtained was passed 
through a 60 mesh sieve to obtain sesame flour (partially defatted) 
which was then stored in plastic bags for later analysis.

Determination of proximate
The proximate composition of the samples was determined by 

A.O.A.C [10]. Moisture content (925.40) of the samples was carried 
out by oven drying at 105°C to constant weights.. Ash (950.49A) 
was determined by furnace incineration method. Crude protein 
(955.04) was determined using micro-kjeldahl method. This meth-
od consists of taking 2g of fresh sample, mixing it in a Kjeldahl flask 
with H2SO4. The flask is heated, and when it takes a dark color, it 
is neutralized with 45% NaOH. In a small flask 5 mL of saturated 
H3BO3 and 3 - 4 drops indicator added. Both flasks are placed in the 
micro Kjeldahl and it is waited until the coloration of the small flask 
changes from pink to yellow. Titrate with 0.02 N HCl and calculate 
% crude protein. Carbohydrate was obtained by difference.

Determination of crude fat
The determination of crude fat was performed through the Mi-

crowave Assisted Process (MAP) [11]. Under certain modifications, 
1g of sample was weighed and placed in a test tube, 4 mL of petro-
leum ether was added and mixed in a vortex at a speed of 6, for 15 
seconds then 4 mL of chloroform was added and homogenized in 
the same way. The tube was heated in microwaves for 4 seconds, 
three times continuous. It was centrifuged at 3000 rpm for 5 min, 
then the supernatant was recovered and the extraction repeated. 
The recovered supernatants were added to a preweighed heating 
plate and heated to evaporate. The residue was dried at 60°C in a 
stove and reweighed after cooling at room temperature. 
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Determination of anti-nutrients
Determination of saponins

The saponin content was determined according to the standard 
method of [12,13] and certain modifications, 1g of the defatted 
sample was mixed with 10 mL of a 20% ethanol solution in a test 
tube. The mixture was heated in a water bath for 90 minutes at 
55 ºC. It was then filtered through a filter paper. The residue was 
extracted with 10 mL of 20% ethanol. The extract was reduced by 
approximately half in a water bath at 90°C and transferred to a cen-
trifuge tube in which 5 mL of diethyl ether was added and agitated 
vigorously in vortex and centrifuged at 3000 rpm for 2 minutes. 
Extraction was performed twice until the aqueous layer became 
light coloured. The recovered aqueous layer was mixed with 5 mL 
propanol and 2 mL 5% NaCl solution, agitated vigorously in vortex 
and centrifuged at 3000 rpm for 2 minutes. The recovered aqueous 
layer evaporated to dryness on a previously weighed evaporation 
plate. The residue was dried at 60°C in a stove and reweighed af-
ter cooling in a desiccator. The content of saponins, expressed in 
%, was calculated by applying the following equation proposed by 
Obadoni and Ochuko [12].

                                                                                             ------------[12]

 
Determination of phytic acid

The determinations were made under the methodology of 
[14,15], under certain modifications, where 2g of dry matter were 
soaked in 50 mL of 2% HCl for three hours and then filtered with 
Whatman N° 1 paper. 25 mL were recovered from the filtrate and 
5 mL of potassium thiocyanate (KSCN) were added at 0.3% and 4 
drops of ammonia (NH3) were added as an indicator. 53.5 mL of 
distilled water was added to generate the appropriate acidity. The 
mixture was titrated with a solution of 0.01 M iron chloride (FeCl3). 
The titration was stopped until a yellow color appeared that per-
sisted for about 3 to 5 minutes. The phytic acid content, expressed 
in mg%, was calculated by applying the following equation pro-
posed by Wheeler and Ferrel [14]

                                                                                            ------------[14]

 Where (Tv) is the total volume of titration spent 

1 mg of iron is equivalent to 1.19 mg of phytic phosphorus

To calculate the phytic acid content, multiply the value of phytic 
phosphorus by 3,55

3,55 is the ratio between the molecular weight of phytic acid 
(660g/mol) and the molecular weight of phytic phosphorus (186g/
mol).
N is the Normality of FeCl3

DF is the dilution factor (TV/A where TV: Total filtrate volume, 50 
mL and A: aliquot, 25 mL)
M is the sample weight in mg.

Determination of oxalates
The standard method of Underwood [16] and certain modifi-

cations were used, 1g of dry matter was weighed in a beaker and 
mixed with 75 mL of H2SO4 3 M. It was agitated intermittently for 
1 hour, with magnetic agitator. The mixture was filtered through 
Whatman Filter Paper No. 1. 25 mL of filtrate were used and 5 mL 
of H2SO4 6N and 50 mL of distilled water were added. It was ti-
trated hot (80 - 90 ºC) against 0.1 N KMnO4 solution till a faint pink 
color appeared and persisted for at least 30 seconds. The content 
of oxalates, expressed as mg%, was calculated by applying the fol-
lowing equation proposed by Underwood [16].

                                                                                         
--------------[16]

Where: 
Tv = Total volume of titration spent
1 mL of KMnO4 0,1 N is equivalent to 6,3 mg of oxalic acid
N is the Normality of KMnO4 

DF is the dilution factor (TV/A where TV: Total filtrate volume, 75 
mL and A: aliquot, 25 mL)
M is the sample weight in mg

Selection of the best treatments
The most effective treatments to reduce antinutritional factors 

were selected and a proximal analysis was performed to determine 
their influence on the proximal composition of the seeds.

Statistical analysis
Significant differences between means were calculated using 

analysis of variance (ANOVA) and a multiple comparison test (Fish-
er’s minimal significant difference) with a significance level of 5%. 
The statistical program Statgraphics Centurion was used.
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Results and Discussion
Proximate composition of sesame seed

The results obtained for the chemical characterization of sesa-
me seeds are observed in table 1, which shows that all the evalu-
ated parameters presented statistically significant differences 
(p < 0.05). The moisture content of the seeds was between 4.17 
to 5.17%, this being an acceptable value for these types of seeds, 
considering that it is mainly oilseed seed. Differences in moisture 
content can often be associated with the drying process in the field, 
highlighting that since these varieties are non-indehiscent, they 
must remain stacked once harvested to guarantee drying, which 
generally culminates when the plant is harvested. It is entirely yel-
low; this process is wholly heterogeneous and dependent on the 
climatic conditions of the production area. Some authors [8,17-23] 
have reported similar or different values   for other sesame variet-
ies. The crude protein content shows that the DV-9 has a higher 
contribution between 9.01 to 9.15% than the G-4 and G-150 vari-
eties. These differences could be associated with the origin from 
which the types come. According to information from the seed’s 
supplier, DV-9 is a seed generally used to commercialize in the 
Middle East due to its intensely bitter taste. Therefore, it was nec-
essary to carry out various genetic crosses using seeds from differ-
ent origins of the world. Sesame seeds are a significant source of 
vegetable protein, which can be consumed raw, representing great 
nutritional importance. According to other reports [18,19,22,24], 
the crude protein content of sesame shows fluctuations according 
to the variables analyzed.

Nutrients (%) DV-9 Guesa-4 Guesa-150
Moisture 5.17 ± 0.03a 4.33 ± 0.04b 4.17 ± 0.06c

Crude protein* 38.74 ± 0.39a 29.59 ± 0.80c 29.73 ± 0.22b

Crude fat* 35.46 ± 0.26c 36.89 ± 0.15b 37.26 ± 0.26a

Ash* 9.88 ± 0.07b 10.11 ± 0.10a 9.70 ± 0.10c

Carbohydrate* 10.75 ± 0.25c 19.08 ± 0.09b 19.14 ± 0.36a

Table 1: Proximal composition of sesame seeds.

Values are presented as mean ± standard deviation of three rep-
licates. *base dry (bd).

The G-150 variety has a more significant contribution regarding 
the crude fat content. However, the yields of the DV-9 and G-4 vari-

eties show that they can also be qualified for commercial oil extrac-
tion. Other researchers [18,24] have reported similar or higher val-
ues than those noted. Sesame oil is an excellent source of saturated 
and unsaturated fatty acids and other antioxidants. Therefore, its 
consumption is vital for any food system. The ash content allows us 
to observe that whole sesame seeds possibly have a high contribu-
tion of minerals, which is of great interest in food. Scientific reports 
[19,22,24] show similarity. The composition directly influences the 
total carbohydrates content that the varieties have in their other 
constituents. It is observed that the variety DV-9 reports a value 
8% lower than G-4 and G-150, Coinciding with reports from oth-
ers [19,22]. In general, the total carbohydrates content of sesame is 
constituent of dietary fiber. It represents a great nutritional contri-
bution to sesame. In such a sense, it can be considered a superfood, 
which only requires effective cleaning treatments that guarantee 
its safety to be consumed as raw food.

Saponine
The content of saponins in sesame flour obtained from seed 

without applying any treatment was 16.34 ± 0.05, 15.42 ± 0.15 and 
15.16 ± 0.01 % for varieties DV-9, Guesa-4 and Guesa-150 respec-
tively (table 2). These values are higher than those reported by 
other authors for some varieties of Sesamun indicum such as: 4.91 
- 5.03% [22]; 2.45 - 2.49% [20]; 9.20 - 10.14% [25]; 2.91 - 2.95% 
[26]; 3.14 - 4.46% [27] and 5.60% [23]. Table 2, it is shown, for the 
varieties of seeds in study, that the content of saponins was decreas-
ing with the different treatments applied, observing statistically 
significant differences (p < 0.05) between them, however, no sta-
tistically significant differences were observed between the times 
applied for the same treatment, as well as it could be determined 
that the best treatment was: alkaline dehulled during 15 minutes, 
with a percentage of reduction of 27.76%; 23.79 and 23.79 for DV-
9; Guesa-4 and Guesa-150 respectively. This study showed that the 
saponins are distributed throughout the seed since the dehulled by 
alkaline treatment eliminated part of the saponin content that was 
in the hull and pericarp [28,29]. Regarding the thermal stability of 
saponins, they are resistant to temperatures below 100 °C [29,30]. 
Therefore there was no significant difference between the times of 
5, 10, and 15 minutes at 55 °C because from 60 °C the leaching rate 
increases [29]. The alkaline treatment, reduced the content of sa-
ponins, because they do not resist sudden changes in pH, very acid 
or alkaline values generate hydrolysis of O-glucosidic bonds (be-
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tween the sugar chain and the aglycone) and interglucosidic bonds 
(between the sugar residues), resulting in the release of aglycones, 
prosapogenins, sugar residues or monosaccharides [31,32]. It is 
likely that the total saponin content has not been determined with 
the alkaline treatment because of the possible formation of soaps 
due to the fat content of the seed that could react with the KOH and 
the saponins acted as emulsifier.

Seed varieties
Treatments DV-9 (mg%) Guesa-4 (mg%) Guesa-150 (mg%)

Control 16.34 ± 0.05 a 15.42 ± 0.15 a 15.16 ± 0.01 a
Whole 05’. 14.19 ± 0.08 b 14.19 ± 0.04 b 13.46 ± 0.06 b
Whole 10´ 14.00 ± 0.01 b 14.14 ± 0.20 b 13.45 ± 0.10 b
Whole 15´ 13.92 ± 0.13 b 14.13 ± 0.01 b 13.43 ± 0.21 b

Dehulled 05´ 11.93 ± 0.43 c 12.45 ± 0.06 c 11.58 ± 0.22 c
Dehulled 10´ 11.89 ± 0.14 c 12.43 ± 0.08 c 11.56 ± 0.19 c
Dehulled 15´ 11.80 ± 0.05 c 12.41 ± 0.06 c 11.55 ± 0.18 c

Table 2: Saponin content of treated seeds.

Values are mean ± SD from triplicate determinations; different 
letters in the same column are significantly different p ≤ 0.05.

Phytic acid
The phytic acid content in sesame flour obtained from seed 

without applying any treatment was 30.86 ± 0.61, 27.01 ± 0.35 and 
25.36 ± 0.40 mg% for varieties DV-9, Guesa-4 and Guesa-150 re-
spectively, (table 2), these values are within the range reported by 
other authors for some varieties of Sesamun indicum such as: 30.64 
- 32.54 mg% [9] and 29.00 - 31.00 mg% [33], in the case of DV-9 
varieties; 27.00 - 27.86 mg% [25], for the case of varieties Guesa-4; 
23.75 - 25.96 mg% [19], for the case of varieties Guesa-150, and 
both for varieties Guesa-4 and Guesa-150 with a range of 20.45 
- 29.65 mg% [22]. In addition, they are higher than the value ob-
served in sesame seeds from Nigeria, which was 1.42 mg% [20], 
as well as for white dehulled sesame seeds, with a range of 0.83 
- 0.85 mg% [34] and lower than observed in NCRI - 98 - 60 (white) 
seed varieties of 60.15 - 65.19 mg% and for NCRI - 97 - 28 (black) 
varieties of 51.07-54.13 mg% [8]. The phytic acid content can vary 
depending on the variety of crop, climatic conditions, location, ir-
rigation conditions, type of soil, and the year during which they are 
grown [35]. Table 3, it is shown, for the varieties of seeds in study, 

that the phytic acid content was decreasing with the different treat-
ments applied, observing statistically significant differences (p < 
0.05) between them, and it could be determined that the best treat-
ment was: alkaline dehulled during 15 minutes, with a percentage 
of reduction of 93.27%; 92.22% and 86.88% for DV-9; Guesa-4 and 
Guesa-150 respectively. Different treatments such as: dehulled, au-
toclave, soaking, extrusion, microwave, cooking, germination and 
fermentation, are the main ones to reduce the amounts of phytic 
acid and other anti-nutritional factors in food [36]. Phytic acid is 
synthesized during the development of the seed and is deposited 
in structures called globoids in the form of magnesium and potas-
sium salts [37]. These structures are located inside the protein cor-
puscles of the cells of the cotyledon, in the hull and pericarp of the 
oilseeds [38]. In sesame seeds, specifically in the hull, a significant 
amount of anti-nutritional factors such as phytic acid are found and 
the removal of this hull implies a reduction in the phytic acid con-
tent [8]. The alkaline treatment applied in this study reduced the 
phytic acid content of sesame seeds, probably for several reasons, 
one of which was enzymatic hydrolysis due to temperature (55 °C) 
and alkaline pH conditions [39]. The activation of the intrinsic al-
kaline phytase, whose optimal temperature is 50 - 60 °C, catalysed 
the enzymatic hydrolysis of the phytic acid and thus the reduction 
of the seed content [39,40,41]. Intrinsic phytases are located in 
the hull and in the cotyledons, however, the enzymatic activity of 
phytases increases after dehulling and temperature increase above 
50 °C, due to altered cell membrane properties, so that it is pos-
sible for phytase and phytic acid contained in cotyledons to come 
into contact [42,43]. Another probable reason for the reduction of 
phytic acid content under alkaline conditions is the formation of a 
ternary complex between proteins, a multivalent cation and phytic 
acid, because under alkaline conditions, both proteins and phytic 
acid are negatively charged and the presence of cations such as cal-
cium, magnesium or zinc, bind through a cationic bridge forming 
the protein-cation-phytic acid complex [38,44,45].

Values are mean ± SD from triplicate determinations; different 
letters in the same column are significantly different p ≤ 0.05

Oxalates
The oxalate content of sesame flour obtained from seed without 

applying any treatment was 2.11 ± 0.02, 2.15 ± 0.03 and 1.85 ± 0.03 
mg% for varieties DV-9, Guesa-4 and Guesa-150 respectively, (table 
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Seed varieties
Treatments DV-9 (mg%) Guesa-4 (mg%) Guesa-150 (mg%)

Control 30.86 ± 0.61 a 27.01 ± 0.35 a 25.36 ± 0.40 a
Whole 05’. 13.05 ± 0.19 b 11.51 ± 0.26 b 8.38 ± 0.27 b
Whole 10´ 10.15 ± 0.28 c 9.81 ± 0.32 c 7.61 ± 0.27 c
Whole 15´ 8.03 ± 0.22 d 7.64 ± 0.23 d 6.39 ± 0.25 d

Dehulled 05´ 6.04 ± 0.20 e 4.12 ± 0.00 e 5.97 ± 0.23 e
Dehulled 10´ 4.27 ± 0.22 f 3.33 ± 0.02 f 4.56 ± 0.03 f
Dehulled 15´ 2.08 ± 0.01 g 2.10 ± 0.00 g 3.33 ± 0.02 g

Table 3: Phytic acid content in treated seeds.

4), these values are similar compared with those reported by other 
authors for varieties DV-9 such as: 2.10 mg% [20]; while the values 
of 2.03 - 2.37 mg% [46] were similar for both DV-9 and Guesa-4 va-
rieties. They are also higher than the values reported by several au-
thors such as: 0.0049 - 0.0057 mg% [25]; 0.95 - 1.15 mg% [9]; 0.41 
- 0.44 mg% [26]; 1.28 - 1.30 mg% [34]; and 1.28 - 1.30 mg% [34]; 
and are lower than the value observed for Nigerian sesame seeds 
which was 85.44 - 85.90 mg% [33]; 15.21 - 16.11 mg% [22], as 
well as for NCRI - 98 - 60 (white) seed varieties which was 181.74-
185.10 mg% and for NCRI - 97 - 28 (black) varieties which was 
150.40 - 157.60 mg% [8]. The amount of these antinutrients in the 
seeds depends not only on the plant, but also on the season, soil nu-
trients and local water conditions of the soil where they are grown 
[47]. Table 4, it is shown, for the seed varieties under study, that 
the oxalate content was decreasing with the different treatments 
applied, observing statistically significant differences (p < 0.05) 
among them, and it could be determined that the best treatment 
was: alcaline dehulled for 15 minutes, with a percentage reduction 
of 88.63%; 92.06% and 91.36% for DV-9; Guesa-4 and Guesa-150 
respectively. Different treatments such as: dehulled, autoclaving, 
soaking, extrusion, microwave, cooking, germination and fermen-
tation, are the main ones to reduce the amounts of oxalates and 
other anti-nutritional factors in food [36]. Oxalate is synthesized 
in the form of crystals, in structures called idioblasts, located in the 
cotyledons and hull of oilseeds [48,49]. In sesame seeds, specifical-
ly in the hull, a significant amount of anti-nutritional factors such as 
oxalate are found and the removal of this bark implies a reduction 
in the oxalate content [8]. The alkaline treatment applied in this 
study increased the loss of oxalate content from sesame seeds, due 
to the formation of potassium oxalate, by reacting calcium oxalate 

with the potassium hydroxide used in the alkaline treatment. Po-
tassium oxalate is a water-soluble salt whose solubility increases 
at temperatures above 50 °C [50]. The drastic decrease in oxalates 
after 15 minutes may be associated in the first place with the fact 
that this time helps to completely solubilize the oxalate crystals 
and also because part of the content is located in the rind of the 
sesame and this is removed with this process.

Seed varieties
Treatments DV-9 (mg%) Guesa-4 (mg%) Guesa-150 (mg%)

Control 2.11 ± 0.02a 2.15 ± 0.03a 1.85 ± 0.03a

Whole 05’. 0.82 ± 0.02b 0.84 ± 0.02b 0.41 ± 0.01b

Whole 10´ 0.66 ± 0.02c 0.69 ± 0.03c 0.39 ± 0.02b

Whole 15´ 0.52 ± 0.02d 0.54 ± 0.01d 0.32 ± 0.01c

Dehulled 05´ 0.44 ± 0.02e 0.36 ± 0.01e 0.24 ± 0.01d

Dehulled 10´ 0.40 ± 0.01f 0.33 ± 0.01f 0.19 ± 0.01e

Dehulled 15´ 0.24 ± 0.01g 0.17 ± 0.01g 0.16 ± 0.00f

Table 4: Oxalate content in treated seeds.

Values are mean ± SD from triplicate determinations; different 
letters in the same column are significantly different p ≤ 0.05

Proximal composition of sesame varieties subjected to ther-
mal-alkaline treatments

The compositional evaluation of the three varieties of sesame is 
shown in table 5. Again, there were statistically significant differ-
ences (p ≤ 0.05) for each type depending on the three treatments 
used. The proximal composition is a percentage; for this reason, 
the changes are directly proportional. On the other hand, the mois-
ture content presented variations concerning the control; perhaps 
this result could be associated with the size of the sesame seeds 
and their dehydration capacity, considering that they were all sub-
jected to the same temperature and time conditions after the alka-
line thermal treatments.

The results are expressed as the average of three replicates (n 
= 3) ± followed by the standard deviation. Different lower case let-
ters in different columns represent statistically significant differ-
ences (p ≤ 0.05) in the evaluated parameter and the control. *bd C. 
protein: crude protein, T. Carbohyd: Total Carbohydrates, determ-
ing by difference.
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Treatments Variety Moisture C. protein* Crude fat* Ash* T. Carbohyd*
Control DV-9 5.17 ± 0.03b 38.74 ± 1.39c 35.46 ± 0.26g 9.88 ± 0.07c 10.75 ± 0.25h

G-4 4.33 ± 0.04f 29.59 ± 0.80h 36.89 ± 0.15e 10.11 ± 0.10a 19.08 ± 0.09d

G-150 4.17 ± 0.06h 29.73 ± 1.22f 37.26 ± 0.26d 9.70 ± 0.10e 19.14 ± 0.36c

Whole 15´ DV-9 4.89 ± 0.30d 39.06 ± 0.12b 34.21 ± 0.04i 9.74 ± 0.04d 12.10 ± 0.50g

G-4 4.26 ± 0.12g 29.30 ± 1.48i 35.31 ± 0.66h 9.91 ± 0.03b 21.22 ± 0.29a

G-150 4.44 ± 0.18e 29.62 ± 0.59g 36.10 ± 0.28f 9.55 ± 0.04f 20.29 ± 0.09b

Dehulled 15´ DV-9 5.56 ± 0.05b 41.11 ± 0.37a 39.65 ± 0.21c 5.81 ± 0.02i 7.87 ± 0.35i

G-4 4.97 ± 0.17c 32.84 ± 0.99d 40.79 ± 0.04b 6.48 ± 0.13g 14.92 ± 0.33e

G-150 5.31 ± 0.31a 32.46 ± 0.82e 42.05 ± 0.35a 5.94 ± 0.01h 14.28 ± 0.49f

Table 5: Proximal analysis of selected treatments for sesame seeds variety DV-9, G-4 and G-150.

The crude protein content varied, and it was observed that the 
hulling treatment influenced the increase in the protein fraction. 
Likewise, the crude fat content increased up to 4% for the hulled 
seeds based on the control results. However, when comparing the 
crude fat values of the control versus whole seeds for 15 minutes, 
the content of the latter decreased slightly; may be associated with 
saponification processes that could occur during the thermal-al-
kaline treatment. Remarkably, a decrease of up to 4% in the ash 
content was observed. This result shows that the applied treat-
ments affect the hulling and, therefore on the mineral content of 
the sesame. The carbohydrate content presented variability for all 
the sesame seeds and used treatments.

The results obtained from the composition of the sesame seeds 
allow us to observe that after applying different thermal-alkaline 
treatments, it is possible to get sesame seeds with a more signifi-
cant contribution of protein and crude fat. This aspect becomes 
interesting when allocating these raw materials as alternative 
food sources. or for oil extraction. However, the increase in these 
components reduces minerals that sesame usually provides, in-
cluding calcium, which represents one of the main advantages of 
raw sesame consumption. Changes in the carbohydrate content 
are related to the decrease in dietary fiber content, a component of 
great importance in human nutrition that we can obtain naturally 
in sesame. In addition, the treatments applied could reduce other 
antinutritional agents such as lectins, tannins, amylase inhibitors, 
oligosaccharides, glucosinates, antivitamins. In this sense, applying 
any treatment thermal-alkaline would cause changes, which can be 
positive or negative depending on the feeding conditions that each 
individual establishes.

Conclusion

The application of the alkaline treatment, showed statistically 
significant differences in terms of time applied, demonstrating that 
when the seeds were exposed for 15 minutes with 0.7% KOH so-
lution, the phytic acid and oxalate content was reduced by a high 
percentage.The alkaline dehulled treatment during 15 minutes, 
produced changes in the proximal composition of the varieties of 
seeds studied, generating an increase in the content of moisture, 
crude protein and crude fat, and reduced the content of ash and 
carbohydrates.

1. Martínez M. “Antinutrientes proteicos de las leguminosas: ti-
pos, toxicidad y efectos fisiológicos”. Trabajo de grado en Nu-
trición Humana y Dietética, Universidad de Valladolid (2016). 

2. Gómez L and Nader M. “Productos elaborados con semillas de 
chía y sésamo: composición química, aceptabilidad, satisfac-
ción y conocimiento sobre sus propiedades nutricionales”. Ac-
tualización en Nutrición 13 (2012): 250-267.

3. Pineda M. “Respuesta del cultivo de ajonjolí (Sesamum indicum 
L, Pedaliaceae) a la fertilización al suelo y foliar en Aldea El 
Paredón Buena Vista, La Gomera, Escuintla, Guatemala”. Tesis 
de Ingeniero Agrónomo, Universidad Rafael Landiva (2009).

4. FAO. “Production statistics”. FAO, Rome, Italy (2016).

5. Cruz E. “La importancia del cultivo de ajonjolí (Sesamum indi-
cum L.) en México”. Monografía de Ingeniero Agrónomo, Uni-
versidad Autónoma Agraria Antonio Narro (2003).

65

Reduction of Antinutritional Factors of Three Varieties of Sesame (Sesamum Indicum L.) Seeds When Applying Heat-Alkaline Treatments

Citation: Harold Toros and Romel Guzmán-Alvarez. “Reduction of Antinutritional Factors of Three Varieties of Sesame (Sesamum Indicum L.) Seeds When 
Applying Heat-Alkaline Treatments". Acta Scientific Nutritional Health 6.3 (2021): 59-68.

https://uvadoc.uva.es/handle/10324/18140
https://uvadoc.uva.es/handle/10324/18140
https://uvadoc.uva.es/handle/10324/18140
http://www.revistasan.org.ar/pdf_files/trabajos/vol_13/num_4/RSAN_13_4_250.pdf
http://www.revistasan.org.ar/pdf_files/trabajos/vol_13/num_4/RSAN_13_4_250.pdf
http://www.revistasan.org.ar/pdf_files/trabajos/vol_13/num_4/RSAN_13_4_250.pdf
http://www.revistasan.org.ar/pdf_files/trabajos/vol_13/num_4/RSAN_13_4_250.pdf
http://biblio3.url.edu.gt/Tesario/2009/06/04/Pineda-Mynor.pdf
http://biblio3.url.edu.gt/Tesario/2009/06/04/Pineda-Mynor.pdf
http://biblio3.url.edu.gt/Tesario/2009/06/04/Pineda-Mynor.pdf
http://biblio3.url.edu.gt/Tesario/2009/06/04/Pineda-Mynor.pdf


6. Anilakumar K., et al. “Nutritional, medicinal and industrial 
uses of sesame (Sesamum indicum L.) seeds”. Agriculturae 
Conspectus Scientificus 75 (2010): 159-168.

7. Elizalde A., et al. “Factores antinutricionales en semillas”. Fac-
ultad de Ciencias Agropecuarias, 7 (2009): 45-54.

8. Makinde F and Akinoso R. “Nutrient composition and effect of 
processing treatments on anti nutritional factors of Nigerian 
sesame (Sesamum indicum Linn) cultivars”. International Food 
Research Journal 20 (2013): 2293-2300.

9. Olagunju A and Ifesan B. “Changes in nutrient and antinutri-
tional contents of sesame seeds during fermentation”. Journal 
of Microbiology, Biotechnology and Food Sciences 2 (2013): 
2407-2410.

10. Association of Official Analytical Chemist AOAC. “Official 
methods of analysis”. 15th edition. Washington DC: Associa-
tion of Official Analytical Chemists (2010).

11. ElKhori S., et al. “The microwave-assisted process (MAPTM1): 
Extraction and determination of fat from cocoa powder and 
cocoa nibs”. Journal of Food Engineering 79 (2007): 1110-
1114.

12. Obadoni B and Ochuko P. “Phytochemical Studies and Com-
parative Efficacy of the Crude Extracts of Some Homeostatic 
Plants in Edo and Delta States of Nigeria”. Global Journal of 
Pure and Applied Science 8 (2001): 203-208. 

13. Rodríguez J. “Determinación y cuantificación de saponinas en 
las hojas de la cabuya (Furcraea andina) para su posible uso 
como tensoactivo en detergentes biodegradables”. Trabajo de 
grado de Químico y Farmacéutico, Universidad de Guayaquil 
(2017).

14. Wheeler EL and Ferrel RE. “A method for phytic acid determi-
nation in wheat fractions”. Cereal Chemistry 48 (1971): 312-
316.

15. Kayode R., et al. “Physico-chemical and antinutritional char-
acterization of the kernels of some mango (Mangifera indica) 
cultivars grown in Western parts of Nogeria”. Food Science and 
Quality Management 22 (2013): 1-8.

16. Underwood G. “Quantitative Analysis”. 5th ed. Prentice Hall 
Publication, London (1986).

17. Montilla D and Terán H. “UCLA-1, una nueva variedad de ajon-
jolí (Sesamum indicum L.)”. Bioagro 8 (1996): 26-29.

18. Gómez J. “Efecto de la concentración de ajonjolí (Sesamum in-
dicum) sobre las propiedades nutricionales, sensoriales y re-
ológicas de un producto untable de cacao (Theobroma cacao 
L.)”. Trabajo especial de grado de Licenciatura, Universidad 
Central de Venezuela ( 2018).

19. Ogungbenle H and Onoge F. “Nutrient composition and func-
tional properties of raw, defatted and protein concentrate of 
sesame (Sesamum indicum) flour”. European Journal of Bio-
technology and Bioscience 2 (2014): 37-43. 

20. Momoh A., et al. “The effects of different treatments on the 
phytochemicals, proximate, and mineral contents of beniseeds 
(Sesamum indicum Linn)”. Global Advanced Research Journal of 
Biotechnology 1 (2012): 008-011. 

21. Khashaba A., et al. “Effect of some heat treatments on chemical 
composition and oil characteristics of sesame seeds (Sesamum 
indicum L.)”. Journal of Food and Dairy Science 5 (2014): 701-
716.

22. Jimoh W., et al. “Effect of processing on some minerals, anti-
nutrients and nutritional composition of sesame (Sesamum 
indicum) seed meals”. Electronic Journal of Environmental, Ag-
ricultural and Food Chemistry 7 (2011): 79-85.

23. Nwobasi C and Attamah C. “Proximate analysis and phyto-
chemical properties of sesame (Sesamum indicum L.) seeds 
grown and consumed in Abakaliki, Ebonyi state, Nigeria”. In-
ternational Journal of Health and Medicine 2 (2017): 1-4.

24. Chocrón S. “Evaluación nutricional de sucedáneo de yogur 
elaborado a partir de ajonjolí (Sesamum indicum L.)”. Trabajo 
especial de grado de Licenciatura, Universidad Central de Ven-
ezuela (2018).

25. Bello F., et al. “Evaluation of some antinutritional factors in oil-
free white Sesamum indicum L. seed cake”. International Jour-
nal of Food Nutrition and Safety 4 (2013): 27-33.

66

Reduction of Antinutritional Factors of Three Varieties of Sesame (Sesamum Indicum L.) Seeds When Applying Heat-Alkaline Treatments

Citation: Harold Toros and Romel Guzmán-Alvarez. “Reduction of Antinutritional Factors of Three Varieties of Sesame (Sesamum Indicum L.) Seeds When 
Applying Heat-Alkaline Treatments". Acta Scientific Nutritional Health 6.3 (2021): 59-68.

https://www.researchgate.net/publication/50870025_Nutritional_Medicinal_and_Industrial_Uses_of_Sesame_Sesamum_indicum_L_Seeds_-_An_Overview
https://www.researchgate.net/publication/50870025_Nutritional_Medicinal_and_Industrial_Uses_of_Sesame_Sesamum_indicum_L_Seeds_-_An_Overview
https://www.researchgate.net/publication/50870025_Nutritional_Medicinal_and_Industrial_Uses_of_Sesame_Sesamum_indicum_L_Seeds_-_An_Overview
http://www.scielo.org.co/pdf/bsaa/v7n1/v7n1a07.pdf
http://www.scielo.org.co/pdf/bsaa/v7n1/v7n1a07.pdf
http://www.ifrj.upm.edu.my/20%20(05)%202013/34%20IFRJ%2020%20(05)%202013%20Folasade%20035.pdf
http://www.ifrj.upm.edu.my/20%20(05)%202013/34%20IFRJ%2020%20(05)%202013%20Folasade%20035.pdf
http://www.ifrj.upm.edu.my/20%20(05)%202013/34%20IFRJ%2020%20(05)%202013%20Folasade%20035.pdf
http://www.ifrj.upm.edu.my/20%20(05)%202013/34%20IFRJ%2020%20(05)%202013%20Folasade%20035.pdf
https://www.jmbfs.org/wp-content/uploads/2013/06/jmbfs-0282-olagunju.pdf
https://www.jmbfs.org/wp-content/uploads/2013/06/jmbfs-0282-olagunju.pdf
https://www.jmbfs.org/wp-content/uploads/2013/06/jmbfs-0282-olagunju.pdf
https://www.jmbfs.org/wp-content/uploads/2013/06/jmbfs-0282-olagunju.pdf
https://www.worldcat.org/title/official-methods-of-analysis-of-the-association-of-official-analytical-chemists/oclc/20709424
https://www.worldcat.org/title/official-methods-of-analysis-of-the-association-of-official-analytical-chemists/oclc/20709424
https://www.worldcat.org/title/official-methods-of-analysis-of-the-association-of-official-analytical-chemists/oclc/20709424
https://www.sciencedirect.com/science/article/abs/pii/S0260877406002846
https://www.sciencedirect.com/science/article/abs/pii/S0260877406002846
https://www.sciencedirect.com/science/article/abs/pii/S0260877406002846
https://www.sciencedirect.com/science/article/abs/pii/S0260877406002846
https://www.ajol.info/index.php/gjpas/article/view/16033
https://www.ajol.info/index.php/gjpas/article/view/16033
https://www.ajol.info/index.php/gjpas/article/view/16033
https://www.ajol.info/index.php/gjpas/article/view/16033
http://repositorio.ug.edu.ec/handle/redug/19454
http://repositorio.ug.edu.ec/handle/redug/19454
http://repositorio.ug.edu.ec/handle/redug/19454
http://repositorio.ug.edu.ec/handle/redug/19454
http://repositorio.ug.edu.ec/handle/redug/19454
https://www.cerealsgrains.org/publications/cc/backissues/1971/Documents/chem48_312.pdf
https://www.cerealsgrains.org/publications/cc/backissues/1971/Documents/chem48_312.pdf
https://www.cerealsgrains.org/publications/cc/backissues/1971/Documents/chem48_312.pdf
https://www.researchgate.net/publication/265476176_Physico-chemical_and_anti-nutritional_characterization_of_the_kernels_of_some_mango_Mangifera_indica_cultivars_grown_in_Western_parts_of_Nigeria
https://www.researchgate.net/publication/265476176_Physico-chemical_and_anti-nutritional_characterization_of_the_kernels_of_some_mango_Mangifera_indica_cultivars_grown_in_Western_parts_of_Nigeria
https://www.researchgate.net/publication/265476176_Physico-chemical_and_anti-nutritional_characterization_of_the_kernels_of_some_mango_Mangifera_indica_cultivars_grown_in_Western_parts_of_Nigeria
https://www.researchgate.net/publication/265476176_Physico-chemical_and_anti-nutritional_characterization_of_the_kernels_of_some_mango_Mangifera_indica_cultivars_grown_in_Western_parts_of_Nigeria
https://gtu.ge/Agro-Lib/Vogels_TEXTBOOK_OF_QUANTITATIVE_CHEMICAL_ANALYSIS_5th_ed__-_G_H_Jeffery.MsuCity.pdf
https://gtu.ge/Agro-Lib/Vogels_TEXTBOOK_OF_QUANTITATIVE_CHEMICAL_ANALYSIS_5th_ed__-_G_H_Jeffery.MsuCity.pdf
http://ve.scielo.org/scielo.php?script=sci_arttext&pid=S1316-33612017000100007&lng=es&nrm=iso&tlng=es
http://ve.scielo.org/scielo.php?script=sci_arttext&pid=S1316-33612017000100007&lng=es&nrm=iso&tlng=es
http://revistas.sena.edu.co/index.php/recia/article/view/1675
http://revistas.sena.edu.co/index.php/recia/article/view/1675
http://revistas.sena.edu.co/index.php/recia/article/view/1675
http://revistas.sena.edu.co/index.php/recia/article/view/1675
http://revistas.sena.edu.co/index.php/recia/article/view/1675
http://garj.org/garjb/8/2012/1/1/the-effects-of-different-treatments-on-the-phytochemicals-proximate-and-mineral-contents-of-beniseeds-sesamum-indicum-linn
http://garj.org/garjb/8/2012/1/1/the-effects-of-different-treatments-on-the-phytochemicals-proximate-and-mineral-contents-of-beniseeds-sesamum-indicum-linn
http://garj.org/garjb/8/2012/1/1/the-effects-of-different-treatments-on-the-phytochemicals-proximate-and-mineral-contents-of-beniseeds-sesamum-indicum-linn
http://garj.org/garjb/8/2012/1/1/the-effects-of-different-treatments-on-the-phytochemicals-proximate-and-mineral-contents-of-beniseeds-sesamum-indicum-linn
https://journals.ekb.eg/article_53204.html
https://journals.ekb.eg/article_53204.html
https://journals.ekb.eg/article_53204.html
https://journals.ekb.eg/article_53204.html
https://www.researchgate.net/publication/287635439_Effect_of_processing_on_some_minerals_anti-nutrients_and_nutritional_composition_of_sesame_Sesamum_indicum_seed_meals
https://www.researchgate.net/publication/287635439_Effect_of_processing_on_some_minerals_anti-nutrients_and_nutritional_composition_of_sesame_Sesamum_indicum_seed_meals
https://www.researchgate.net/publication/287635439_Effect_of_processing_on_some_minerals_anti-nutrients_and_nutritional_composition_of_sesame_Sesamum_indicum_seed_meals
https://www.researchgate.net/publication/287635439_Effect_of_processing_on_some_minerals_anti-nutrients_and_nutritional_composition_of_sesame_Sesamum_indicum_seed_meals
https://researchplusjournals.com/index.php/IJHM/article/view/359
https://researchplusjournals.com/index.php/IJHM/article/view/359
https://researchplusjournals.com/index.php/IJHM/article/view/359
https://researchplusjournals.com/index.php/IJHM/article/view/359
https://www.researchgate.net/publication/326507245_Evaluation_of_Some_Anti-nutritional_Factors_in_Oil-Free_White_Sesamum_indicum_L_Seed_Cake
https://www.researchgate.net/publication/326507245_Evaluation_of_Some_Anti-nutritional_Factors_in_Oil-Free_White_Sesamum_indicum_L_Seed_Cake
https://www.researchgate.net/publication/326507245_Evaluation_of_Some_Anti-nutritional_Factors_in_Oil-Free_White_Sesamum_indicum_L_Seed_Cake


26. Okoronkwo N., et al. “Assessment of potential values of Sesa-
mum indicum seed”. International Journal of Arts and Sciences 
07 (2014): 19-27.

27. Nwalo N. “Genetic diversity of Nigerian Sesame cultivars 
(Sesamum indicum L) based on simple sequence repeat (SSR) 
markers and its relationship with phytochemicals”. Interna-
tional Journal of Current Microbiology and Applied Sciences 4 
(2015): 898-908.

28. Ridout C., et al. “Quinoa saponins-analysis and preliminary in-
vestigations into the effects of reduction by processing”. Jour-
nal of the Science of Food and Agriculture 54 (1991): 165-176.

29. Quispe F., et al. “A Kinetic approach to saponin extraction dur-
ing washing of quinoa (Chenopodium quinoa Willd.) seeds”. 
Journal of Food Process Engineering 36 (2013): 1-9.

30. Oenning G., et al. “Degradation of oat saponins during heat 
processing - effect of pH, stainless steel, and iron at different 
temperatures”. Journal of Agricultural and Food Chemistry 42 
(1994): 2578-2582. 

31. Güçlü Ü and Mazza G. “Saponins: Properties, Applications and 
Processing”. Critical Reviews in Food Science and Nutrition 47 
(2007): 231-258.

32. Ahumada A., et al. “Saponinas de quinua (Chenopodium qui-
noa Willd.): un subproducto con alto potencial biológico”. Re-
vista de Ciencias Químico-Farmacéuticas 45 (2016): 438-469.

33. Makinde F and Akinoso R. “Comparison between the nutri-
tional quality of flour obtained from raw, roasted and ferment-
ed sesame (Sesamum indicum L.) seed grown in Nigeria”. Acta 
Scientiarum Polonorum 13 (2014): 309-319.

34. Okudu H., et al. “Nutrients and anti-nutrients contents of white 
beniseed cultivar (Sesamum indicum L.) in nigeria”. Direct Re-
search Journal of Agriculture and Food Science 4 (2016): 290-
293.

35. Chichester C., et al. “Advances in food research”. Academic 
Press. USA. (1982).

36. Abbas Y and Ahmad A. “Impact of processing on nutritional 
and antinutritional factors of legumes: a review”. Annals of 
Food Science and Technology 19 (2018): 199-215.

37. Thompson LU. “Potential health benefits and problems associ-
ated with antinutrients in foods”. Food Research International 
26 (1993): 131-149.

38. Febles C. “Estudio del contenido de fitatos enderivados de ce-
reales de consumo en canarias”. Tesis Doctoral, Universidad de 
la Laguna. (1998).

39. Greiner R and Konietzny U. “Improving enzymatic reduction 
ofmyo-inositol phosphates with inhibitory effects on mineral 
absorption in black bean (Phaseolus vulgaris var. Preto)”. Jour-
nal of Food Processing and Preservation 23 (1999): 249-261.

40. Afify A., et al. “Bioavailability of iron, zinc, phytate and phytase 
activity during soaking and germination of white sorghum va-
rieties”. PLoS ONE 6 (2011): e25512.

41. Gupta R., et al. “Reduction of phytic acid and enhancement of 
bioavailable micronutrients in food grains”. Journal of Food 
Science and Technology 52 (2015): 676-684.

42. Chang R., et al. “Phytate removal from whole dry beans by en-
zymatic hydrolisis and diffusion”. Journal of Food Science 42 
(1977): 1098-1101.

43. Lestienne I., et al. “The effects of soaking of whole, dehulled 
and ground millet and soybean seeds on phytate degradation 
and Phy/Fe and Phy/Zn molar ratios”. International Journal of 
Food Science and Technology 40 (2005): 391-399.

44. Reddy N and Salunkhe D. “Interactions between phytate, pro-
tein, and minerals in whey fractions of black gram”. Journal of 
Food Science 46 (1981): 564-567.

45. Bishnoi S., et al. “Effect of domestic processing and cooking 
methods on phytic acid and polyphenol contents of pea cul-
tivars (Pissm sativum)”. Plant Foods for Human Nutrition 45 
(1994): 381-388.

46. Manikantan M., et al. “Selection of process parameters for pro-
ducing high quality defatted sesame flour at pilot scale”. Jour-
nal of Food Science and Technology 52 (2015): 1778-1783.

47. Singh P and Saxena N. “Variation in oxalate and mineral con-
tents of Bathua Vegetables collected from different sites”. In-
dian Journal of Nutrition and Dietetics 10 (1973): 84-90.

67

Reduction of Antinutritional Factors of Three Varieties of Sesame (Sesamum Indicum L.) Seeds When Applying Heat-Alkaline Treatments

Citation: Harold Toros and Romel Guzmán-Alvarez. “Reduction of Antinutritional Factors of Three Varieties of Sesame (Sesamum Indicum L.) Seeds When 
Applying Heat-Alkaline Treatments". Acta Scientific Nutritional Health 6.3 (2021): 59-68.

https://www.researchgate.net/publication/301503854_Assessment_of_Potential_Values_of_Sesamum_indicum_Seed
https://www.researchgate.net/publication/301503854_Assessment_of_Potential_Values_of_Sesamum_indicum_Seed
https://www.researchgate.net/publication/301503854_Assessment_of_Potential_Values_of_Sesamum_indicum_Seed
https://www.researchgate.net/publication/281099741_Genetic_diversity_of_Nigerian_Sesame_cultivars_Sesamum_indicum_L_based_on_simple_sequence_repeat_SSR_markers_and_its_relationship_with_phytochemicals_International_Journal_of_Current_Microbiology_and_/
https://www.researchgate.net/publication/281099741_Genetic_diversity_of_Nigerian_Sesame_cultivars_Sesamum_indicum_L_based_on_simple_sequence_repeat_SSR_markers_and_its_relationship_with_phytochemicals_International_Journal_of_Current_Microbiology_and_/
https://www.researchgate.net/publication/281099741_Genetic_diversity_of_Nigerian_Sesame_cultivars_Sesamum_indicum_L_based_on_simple_sequence_repeat_SSR_markers_and_its_relationship_with_phytochemicals_International_Journal_of_Current_Microbiology_and_/
https://www.researchgate.net/publication/281099741_Genetic_diversity_of_Nigerian_Sesame_cultivars_Sesamum_indicum_L_based_on_simple_sequence_repeat_SSR_markers_and_its_relationship_with_phytochemicals_International_Journal_of_Current_Microbiology_and_/
https://www.researchgate.net/publication/281099741_Genetic_diversity_of_Nigerian_Sesame_cultivars_Sesamum_indicum_L_based_on_simple_sequence_repeat_SSR_markers_and_its_relationship_with_phytochemicals_International_Journal_of_Current_Microbiology_and_/
https://onlinelibrary.wiley.com/doi/abs/10.1002/jsfa.2740540202
https://onlinelibrary.wiley.com/doi/abs/10.1002/jsfa.2740540202
https://onlinelibrary.wiley.com/doi/abs/10.1002/jsfa.2740540202
https://onlinelibrary.wiley.com/doi/abs/10.1111/j.1745-4530.2012.00673.x
https://onlinelibrary.wiley.com/doi/abs/10.1111/j.1745-4530.2012.00673.x
https://onlinelibrary.wiley.com/doi/abs/10.1111/j.1745-4530.2012.00673.x
https://www.researchgate.net/publication/231545106_Degradation_of_Oat_Saponins_during_Heat_Processing_-_Effect_of_pH_Stainless_Steel_and_Iron_at_Different_Temperatures
https://www.researchgate.net/publication/231545106_Degradation_of_Oat_Saponins_during_Heat_Processing_-_Effect_of_pH_Stainless_Steel_and_Iron_at_Different_Temperatures
https://www.researchgate.net/publication/231545106_Degradation_of_Oat_Saponins_during_Heat_Processing_-_Effect_of_pH_Stainless_Steel_and_Iron_at_Different_Temperatures
https://www.researchgate.net/publication/231545106_Degradation_of_Oat_Saponins_during_Heat_Processing_-_Effect_of_pH_Stainless_Steel_and_Iron_at_Different_Temperatures
https://pubmed.ncbi.nlm.nih.gov/17453922/
https://pubmed.ncbi.nlm.nih.gov/17453922/
https://pubmed.ncbi.nlm.nih.gov/17453922/
http://www.scielo.org.co/scielo.php?pid=S0034-74182016000300006&script=sci_abstract&tlng=es
http://www.scielo.org.co/scielo.php?pid=S0034-74182016000300006&script=sci_abstract&tlng=es
http://www.scielo.org.co/scielo.php?pid=S0034-74182016000300006&script=sci_abstract&tlng=es
https://pubmed.ncbi.nlm.nih.gov/24887946/
https://pubmed.ncbi.nlm.nih.gov/24887946/
https://pubmed.ncbi.nlm.nih.gov/24887946/
https://pubmed.ncbi.nlm.nih.gov/24887946/
https://www.sciencedirect.com/bookseries/advances-in-food-research
https://www.sciencedirect.com/bookseries/advances-in-food-research
http://www.afst.valahia.ro/images/documente/2018/issue2/I.4_Abbas.pdf
http://www.afst.valahia.ro/images/documente/2018/issue2/I.4_Abbas.pdf
http://www.afst.valahia.ro/images/documente/2018/issue2/I.4_Abbas.pdf
https://www.sciencedirect.com/science/article/abs/pii/096399699390069U
https://www.sciencedirect.com/science/article/abs/pii/096399699390069U
https://www.sciencedirect.com/science/article/abs/pii/096399699390069U
https://riull.ull.es/xmlui/handle/915/21232
https://riull.ull.es/xmlui/handle/915/21232
https://riull.ull.es/xmlui/handle/915/21232
https://agris.fao.org/agris-search/search.do?recordID=DE2000L90017
https://agris.fao.org/agris-search/search.do?recordID=DE2000L90017
https://agris.fao.org/agris-search/search.do?recordID=DE2000L90017
https://agris.fao.org/agris-search/search.do?recordID=DE2000L90017
https://pubmed.ncbi.nlm.nih.gov/22003395/
https://pubmed.ncbi.nlm.nih.gov/22003395/
https://pubmed.ncbi.nlm.nih.gov/22003395/
https://pubmed.ncbi.nlm.nih.gov/25694676/
https://pubmed.ncbi.nlm.nih.gov/25694676/
https://pubmed.ncbi.nlm.nih.gov/25694676/
https://www.researchgate.net/publication/229747779_Phytate_Removal_from_whole_dry_beans_by_enzymatic_hydrolysis_and_diffusion
https://www.researchgate.net/publication/229747779_Phytate_Removal_from_whole_dry_beans_by_enzymatic_hydrolysis_and_diffusion
https://www.researchgate.net/publication/229747779_Phytate_Removal_from_whole_dry_beans_by_enzymatic_hydrolysis_and_diffusion
https://www.researchgate.net/publication/227745585_The_effects_of_soaking_of_whole_dehulled_and_ground_millet_and_soybean_seeds_on_phytate_degradation_and_PhyFe_and_PhyZn_molar_ratios
https://www.researchgate.net/publication/227745585_The_effects_of_soaking_of_whole_dehulled_and_ground_millet_and_soybean_seeds_on_phytate_degradation_and_PhyFe_and_PhyZn_molar_ratios
https://www.researchgate.net/publication/227745585_The_effects_of_soaking_of_whole_dehulled_and_ground_millet_and_soybean_seeds_on_phytate_degradation_and_PhyFe_and_PhyZn_molar_ratios
https://www.researchgate.net/publication/227745585_The_effects_of_soaking_of_whole_dehulled_and_ground_millet_and_soybean_seeds_on_phytate_degradation_and_PhyFe_and_PhyZn_molar_ratios
https://ift.onlinelibrary.wiley.com/doi/abs/10.1111/j.1365-2621.1981.tb04911.x
https://ift.onlinelibrary.wiley.com/doi/abs/10.1111/j.1365-2621.1981.tb04911.x
https://ift.onlinelibrary.wiley.com/doi/abs/10.1111/j.1365-2621.1981.tb04911.x
https://pubmed.ncbi.nlm.nih.gov/7971780/
https://pubmed.ncbi.nlm.nih.gov/7971780/
https://pubmed.ncbi.nlm.nih.gov/7971780/
https://pubmed.ncbi.nlm.nih.gov/7971780/
https://www.researchgate.net/publication/256583504_Selection_of_process_parameters_for_producing_high_quality_defatted_sesame_flour_at_pilot_scale
https://www.researchgate.net/publication/256583504_Selection_of_process_parameters_for_producing_high_quality_defatted_sesame_flour_at_pilot_scale
https://www.researchgate.net/publication/256583504_Selection_of_process_parameters_for_producing_high_quality_defatted_sesame_flour_at_pilot_scale
https://eurekamag.com/research/027/836/027836563.php
https://eurekamag.com/research/027/836/027836563.php
https://eurekamag.com/research/027/836/027836563.php


• Prompt Acknowledgement after receiving the article
• Thorough Double blinded peer review
• Rapid Publication 
• Issue of Publication Certificate
• High visibility of your Published work

Assets from publication with us

Website: www.actascientific.com/
Submit Article: www.actascientific.com/submission.php 
Email us: editor@actascientific.com
Contact us: +91 9182824667 

48. Faheed F., et al. P”hysiological and ultrastructural studies on 
calcium oxalate crystal formation in some plants”. Turkish 
Journal of Botany 37 (2013): 139-152.

49. Polli A., et al. “Structural development of the fruits and seeds 
in three mistletoe species of Phoradendron (Visceae: Santala-
ceae)”. Rodriguésia 67 (2016): 649-659.

50. Irudayaraj A., et al. “Synthesis, growth and characterization of 
semi-organic crystal: potassium hydrogen oxalate dihydrate”. 
International Journal of Recent Scientific Research 6 (2015): 
2732-2736. 

68

Reduction of Antinutritional Factors of Three Varieties of Sesame (Sesamum Indicum L.) Seeds When Applying Heat-Alkaline Treatments

Citation: Harold Toros and Romel Guzmán-Alvarez. “Reduction of Antinutritional Factors of Three Varieties of Sesame (Sesamum Indicum L.) Seeds When 
Applying Heat-Alkaline Treatments". Acta Scientific Nutritional Health 6.3 (2021): 59-68.

https://www.researchgate.net/publication/288556801_Physiological_and_ultrastructural_studies_on_calcium_oxalate_crystal_formation_in_some_plants
https://www.researchgate.net/publication/288556801_Physiological_and_ultrastructural_studies_on_calcium_oxalate_crystal_formation_in_some_plants
https://www.researchgate.net/publication/288556801_Physiological_and_ultrastructural_studies_on_calcium_oxalate_crystal_formation_in_some_plants
https://www.researchgate.net/publication/308010448_Structural_development_of_the_fruits_and_seeds_in_three_mistletoe_species_of_Phoradendron_Visceae_Santalaceae
https://www.researchgate.net/publication/308010448_Structural_development_of_the_fruits_and_seeds_in_three_mistletoe_species_of_Phoradendron_Visceae_Santalaceae
https://www.researchgate.net/publication/308010448_Structural_development_of_the_fruits_and_seeds_in_three_mistletoe_species_of_Phoradendron_Visceae_Santalaceae
http://www.recentscientific.com/synthesis-growth-and-characterization-semi-organic-crystal-potassium-hydrogen-oxalate-dihydrate
http://www.recentscientific.com/synthesis-growth-and-characterization-semi-organic-crystal-potassium-hydrogen-oxalate-dihydrate
http://www.recentscientific.com/synthesis-growth-and-characterization-semi-organic-crystal-potassium-hydrogen-oxalate-dihydrate
http://www.recentscientific.com/synthesis-growth-and-characterization-semi-organic-crystal-potassium-hydrogen-oxalate-dihydrate

	_GoBack

