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Abstract
Pulses are a vital source of essential dietary nutrients, contributing significantly to global and local food economies. These
nutrient-dense legumes are rich in protein, fiber, vitamins, and minerals, enhancing diet quality while providing key health
benefits. However, their inherent phytic acid content acts as an antinutrient, potentially hindering mineral absorption.
Various cost-effective domestic processing methods can be employed to degrade phytic acid to improve its nutritional
utility. The present study involves four common pulse cultivars: Red Lentils (Lens culinaris), Split Mung pulse (Vigna
radiata), Urad pulse (Vigna mungo), and Split Bengal Gram pulse (Cicer arietinum) to investigate the diverse soaking and
cooking techniques for their efficacy in reducing phytate content. Results demonstrated that soaking pulses for an hour led
to a 40.6% reduction in phytic acid. In comparison, a six-hour soaking yielded a higher degradation of 44.5%, with
extended soaking (overnight) showing variable effects due to saturation. Boiling pulses until tender resulted in a 43%
reduction in phytates, whereas water absorption boiling led to a lower 35.7% degradation. Pressure cooking methods
exhibited variable efficacy, with cooking without bicarbonate soda leading to a greater phytate reduction (above 36.3%)
than cooking with soda. These findings highlight the importance of traditional household processing techniques in
enhancing the bioavailability of nutrients in pulses. By optimizing soaking and cooking conditions, the nutritional quality
of pulses can be improved, making them more effective in supporting dietary health and overall well-being.
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Highlights

 Raw pulses have higher concentrations of phytic acid.
 Soaking pulses leads to significant phytate degradation.
 Cooking under vacuum (pressure cooking) results in greater phytate degradation.
 As expected, adding bicarbonate with prolonged cooking times leads to comparatively less phytate degradation.

1. Introduction
Pulses, also called legumes, are considered a significant source of plant protein. They are regarded as smart crops for
human consumption and cropping systems. In the human diet, they are a source of protein, minerals, vitamins, and fiber.
They contribute to maintaining soil biodiversity by contributing nitrogen to the soil. Globally, pulses contribute about
33% of the human population's global dietary protein requirements (Ullah et al., 2020). Pulses are the most important
source of vegetable protein in Pakistan, being cultivated in 5% of the total cropped area. Being the "poor man's meat",
their uses range from producing baby foods to delicacies of the rich and major food of the poor (AARI, 2024).
The term pulses and legumes are used interchangeably. Leguminosae's pulse family consists of plants that produce pods
with seeds. The word "pulses" has been described as crops cultivated solely for dry seeds of the leguminous plants.
Commonly edible pulses include dry peas, lentils, chickpeas, green mung beans, etc. Pulses are reportedly part of human
nutrition throughout 5500 B. C. in many civilizations and are considered the oldest crops cultivated by humanity. They are
valued as the major meal of low-income people and an alternative to meats (Soomro et al., 2020; Kouris-Blazos & Belski,
2016). Pulses are considered an excellent source of protein, minerals, vitamins, fiber, and starchy carbohydrates with
health promotion benefits as they are likely to lower the risk of many non-communicable diseases with a significant
variation in proteins, carbohydrates, and the daily minerals' requirements can be met by consuming 100-200 g pulses daily
(Langyan et al., 2022, Gowda et al., 2015). Besides being abundant in macronutrients (except lipids) and fiber, pulses are
rich in many nutrients (Tharanathen & Mahadevamma, 2003; Besseda et al., 2019). The protein quality of pulses is
considered to be of good biological value (Siddhuraj et al., 2002; Escurdero et al., 2006). As reported, regular
consumption of 3-4 times per week and at least once a week can help fight against cardiovascular diseases (Flight &
Clifton, 2006). As food crops, pulses and cereals are considered to significantly contribute to providing dietary energy
sources for many populations (Mal, 1992; Sidduraj et al., 2000; Kalidaas & Mohan, 2011). It is also a rich source of high-
quality protein and a substantial source of minerals and water-soluble vitamins (Friedman, 1996).
Besides being rich in macronutrients, pulses have essential micronutrients: iron, potassium, magnesium, zinc, and B
complex vitamins (Langyan et al., 2022). Pulses manufacture isoflavones, natural secondary metabolites with excellent
hypocholesterolemic properties (Oomah & Mazza, 2000). Pulses contain a variety of isoflavones such as genistein,
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glycitein, daidzein, genistin, daidzin, protensin, biochanin A, and formononetin which are protective against
cardiovascular diseases. However, the distribution of isoflavones across different pulses has been explored in limited
studies. Bengal gram (channa dhal), green mung, and black gram(mash dhal)have been reported to contain higher
isoflavone content (Chibbar et al.,2010; Suneja et al., 2011). Besides isoflavones, pulses contain lectins, enzyme inhibitors,
oxalates, oligosaccharides, phytic acid, and phenolic compounds, which are some other naturally occurring bioactive
compounds that are available from pulses both as whole grains and split pulses (Henchion et al., 2017). The primary
polyphenolic compounds in pulses include tannins, flavonoids, and phenolic acids. They are abundant in black gram,
lentils, and some others. Pulses contain antioxidant compounds such as tocopherols, ascorbic acid, and isoflavones. These
polyphenols may act as "preventive" antioxidants by chelating the catalytic transition metals such as copper and iron,
rendering them unavailable for Fenton-type reactions. They may also act as "scavenger antioxidants" by providing an
electron to highly reactive free radicals and quenching the radicals' activity by delocalizing ion-paired electrons on the
phenol ring (Singh & Basu, 2012). Until recently, phenolic compounds were thought to be non-nutritive; however, it is
reported that high levels of phenolics, especially tannins, can pose negative repercussions on iron absorption by inhibiting
and blocking the digestive enzymes in the gastrointestinal tract (Singh & Basu, 2012).
The provision of many nutrients and bioactive compounds and their preventive role in Non-communicable diseases make
them an essential component of the diet. The secondary metabolites have also been proven to be anti-cancer against many
cancers (Basker et al., 2010). The presence of lycopene in the chickpea has been reported to have a role in reducing the
risk of prostate cancer. Carotenoids and isoflavone biochanin in peas have been found to reduce the risk of lung cancer
and suppress cell growth in stomach cancer. At the same time, saponins help suppress pre-neoplastic colon lesions (Mittal
et al., 2009). Pulses contain high levels of amylases, resistant starch that is antidiabetic, reduce the risk of thrombosis in
people with diabetes, help regulate serum glucose, and improve insulin sensitivity and glucose tolerance, thereby reducing
the risks of diabetes, cancers, and cardiovascular diseases (Basker et al., 2016; Pittaway et al., 2007; Jenkin et al., 2012;
and Osorio-Diaz et al., 2008). These fibre-rich pulses can play an essential role in lowering plasma cholesterol and BMI
while promoting faster satiety. The ß-carotene increases folic acid uptake, reducing homocysteine concentrations by 13.4-
51.7% (Crujeiras et al., 2007; Jukanti et al., 2012).
Owing to their rich nutrient composition, the presence of some plant components can affect the bioavailability of nutrients,
specifically the micronutrients. The in vitro bio-accessibility of minerals depends upon the mineral and the type of food
matrix. Generally, pulses are the best source of iron and zinc (Joanna and Zhigniew, 2011). Still, the limited bio-
availability has been attributed to the presence of phytic acid that reduces their bioavailability to 5-15% (Das et al., 2011),
which is challenging from a nutritional perspective, specifically in the context of developing countries like Pakistan which
already has a serious problem of undernutrition, anemia, and other nutritional deficiency disorders.
The phytic acid is a myoinositol, 1, 2, 3, 4, 5, 6-hexyl hexakis dihydrogen phosphate. It is the primary storage form of
phosphorus, comprising 1-5% by weight in cereals (Vats & Banerjee, 2004), and represents 50-85% of the total
phosphorus in plants (Reddy et al., 1982). During the ripening period, it is rapidly accumulated and stored in the globoid
crystal within the protein bodies (Erdman, 19790. Monogastric animals and humans cannot metabolize phytic acid due to
the lack of sufficient phytases in the GI tract (Wodzinski & Ullah, 1996; Boling et al., 2000; Singh et al., 2011) and bind
to iron, zinc, and calcium as insoluble salts making them unavailable (Urbano et al., 2000 and Feil, 2000). The post-
harvest phytic acid strategy will help ensure enhanced micronutrient availability. The conventional methods of phytic acid
reduction, such as soaking and cooking, have been shown to degrade phytic acid. However, an in-depth analysis of
domestic processes needs to be explored. The current study aimed to analyze the effects of conventional domestic
techniques on the phytate degradation and mineral solubility of the commonly cultivated pulses, which are widely used in
Pakistan before and during cooking.
2. Materials and Methods
2.1. Sample Collection
The sample was comprised of pulses, namely Red Lentils (Lens culinaris), Split mung (Vigna radiata), urad (Vigna
mungo), and Split Bengal gram (Cicer arietinum), procured from the agricultural fields of the Nuclear Institute of Food &
Agriculture and the Agricultural Research Institute, Tarnab, Peshawar.
2.2. Sample Preparation
The four types of pulses and eight processing methods are used in the preparatory and cooking methods applied to them.
These categories were viz, i) Raw, ii) 1-hour soaking, iii) 6-hour soaking, iv) overnight soaking, v) boiling until the whole
water is absorbed, vi) boiling until the sample is tender, vii) Pressure cooking with soda, and viii) Pressure cooking
without soda. The samples in the first category were kept raw (controlled) for ease of comparison.
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2.3. Types of Samples
2.3.1. Raw Pulses
The raw seeds were mixed thoroughly, and 12 samples were used to estimate the phytic acid content of raw seeds in
triplicate. The pulses were grounded before phytic acid determination. The grinding was done with a mechanical grinder.
2.3.2. One (1) Hour -Soaked Pulses
The seeds of the respective pulses were soaked by submerging them in tap water in a container for analysis for one hour.
The excess water was removed with the help of a sieve, and then the adherent moisture was removed by gently rolling
them on a thick absorbent cloth. Afterwards, sieved samples were placed in an oven to remove excess moisture at 70
degrees Celsius. After drying, the samples were then subjected to chemical analyses.
2.3.3. Six (6) Hour-Soaked Pulses
As the study is based on preparatory and cooking methods used commonly in Pakistan, all the pulses were soaked for
6 hrs, which is also a standard pre-cooking procedure in Pakistani cooking practices. The pulses were soaked for 6 hrs,
and excess water was drained through a sieve and then placed in an oven to remove the excess moisture. After drying, the
samples were ground with the help of an electric grinder. The samples were then subjected to different lab analyses.
2.3.4. Overnight Soaking
Another common practice in Pakistani households is the overnight steeping of pulses. All the pulses were soaked
overnight in tap water, sieved in the morning, oven-dried, and subjected to laboratory analyses.
2.3.5. Boiling Until the Whole Moisture was Fully Absorbed
Boiling is the most common cooking method in Pakistan; the samples were boiled at and above 100°C until the sample
was tender and the water was completely absorbed. The samples were then placed in an oven to remove the excess
moisture. After drying, the samples were ground with the help of an electric grinder and stored in air-tight jars for analysis.
2.3.6. Boiling Until the Sample Was Tender
Boiling in sufficient water is also another common practice, so the samples were boiled in boiling water at 100°C until
tender. Afterwards, the excess water was removed by sieving and oven-dried, ground, kept in air-tight jars, and tested for
different parameters.
2.3.7. Pressure Cooking with Bicarbonate Soda
Pulses were pressure-cooked by adding a pinch of bicarbonate soda to tap water. The water was filtered with the help of a
sieve. The excess water was drained, and the samples were placed in an oven until a static weight. After drying, the
samples were ground, stored, and analyzed.
2.3.8. Pressure Cooking Without Bicarbonate Soda
Pulses were pressure-cooked each time per the manufacturer's directions. The cooled samples were drained in a sieve and
oven-dried for laboratory analyses.
2.4. Determination of Phytic Acid
The phytic acid content of the samples was determined using the method of Haug W and Lantzch H (1983) under the
principle of spectrophotometry.
2.4.1. Principle
The sample extract, prepared with 0.2 NH4Cl, was heated with an acidic Iron (III), or ferric iron (Fe³⁺) solution of
known iron content. The decrease in iron content, determined colorimetrically using 2,2'-bipyridine in the supernatant,
was used to measure the phytate phosphorus.
2.4.2. Phytate Reference Solutions
The sodium salt of phytic acid type V, with 97% purity and containing approximately 15% water, was obtained from
Sigma (NO.P–5756). It was used without further purification. The actual content of phytate needed to be determined once
for each new purchase using a direct method. Stock solutions were prepared by dissolving 0.15 g of sodium phytate in
100.0 mL of distilled water. Since phytase was absent, these stock solutions remained stable.
2.4.3. Preparation of a Series of Reference Solutions and a Standard Curve
A series of reference solutions was prepared by diluting stock solutions with HCl within a range of 3 to 30 mg/mL phytate
phosphorus. The dilution involved adding approximately 1.2–11.7 mL of stock solution to 100.0 mL of final volume. The
HCl concentration in the reference solution was adjusted to 0.2 N. Reference Solutions Concentrations at 3μg/ mL, 6μg/
mL, 9μg/ mL, 12μg/ mL, 15μg/ mL, 18μg/ mL, 21μg/ mL, 24μg/ mL, 27μg/ mL, 30μg/ mL were prepared and respective
calculations were done for the preparation of standard curve for the estimation within the samples. Iron standard
solution was prepared by dissolving 0.2 g of ammonium iron (III) sulphate 12 H₂O (Merck Art. 3776) in 100.0 mL 2N
HCl and making up to 1000.0 mL with distilled water. The 2,2’-bipyridine solution was prepared by dissolving 10.0 g of
2,2’-bipyridine (Merck art. 3098) and 100.0 mL of thioglycolic acid (Merck art. 700) in distilled water and making up to
1000.0 mL. The Standard Curves were developed by taking 0.5 mL of each standard solution (Phytic acid and iron
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solutions) in a test tube. After heating in a boiling water bath for 30 minutes (with test tubes remaining covered with a
stopper for the first 5 minutes). The tubes are cooled under tap water and then iced water for 15 minutes. Upon attaining
room temperature, 2.0 mL of 2,2'-bipyridine solution was added. The optical density was measured within 0.5-1 minute at
519 nm with the help of a spectrophotometer. The optical density against concentration was plotted as the standard curve.
It was linear between 0 & 35 mg/g concentrations of phytic acid.
2.5. Quantification of Phytic Acid in Pulses
A 0.06g sample was placed in three different tubes. About 10.0 mL of 0.2 N HCl was added to each tube and shaken using
an electric shaker for 30 minutes. Subsequently, 0.5 mL of the supernatant was transferred into another tube, and 0.1 mL
of Fe3+ (ammonium iron (III) sulfate) was added to each tube. The samples were placed into a boiling water bath for 30
minutes at 37°C. The samples were then removed from excess water with the help of a sieve. After cooling the tubes in an
ice bath for 15 minutes, the samples were allowed to adjust to room temperature. A 2.0 mL of 2,2’-bipyridine was added
to each tube and was immediately measured for optical density (O.D.) using a spectrophotometer at 519 nm. The
following formulae (i and ii) were used to determine the phosphorus phytate and percentage of phytic acid.

Y= 0.0156X + 1.2811 ----- (i)
X = Y − 1.2811 / 0.0156 (regression line)

% Phytic acid = X* 4.97/ wt *100
Where; X = Conc.of Phosphorus phytate in μg/ mL; Y = Optical Density or Absorbance; Wt. = weight of sample taken

Phytic Acid = phytate phosphorus x 4.97 / 1000 x 0.06 ----- (ii)
2.6. Statistical Analysis
Data were assessed for mean, standard deviation, percent decline, and analysis of variance (ANOVA) on IBM SPSS
version 19. The Duncan multiple range test was used to separate the means. Dunnett's multiple ANOVA comparisons
were used to create confidence intervals for differences between the mean phytate content of each processing method
against the mean of raw pulses as a control. Significance was accepted at P ≤ 0.05.
3. Results and Discussion
3.1. Effect of Processing Techniques on the Phytate Content (g/100g dry weight) of the Pulses
The phytic acid content and percentage degradation in Red Lentils (Lens culinaris) under different domestic processing
methods (Table 1) showed that raw red lentils had the highest phytic acid content (0.76% ± 0.01), serving as the baseline
(0% degradation). Soaking had varying effects on phytic acid reduction. A 1-hour soak reduced it to 0.59% ± 0.02
(22.37% degradation), while a 6-hour soak led to a lesser reduction at 0.71% ± 0.02 (6.58% degradation). However, a 12-
hour soak was significantly more effective, reducing phytic acid to 0.41% ± 0.07 (46.05% degradation). This suggests that
prolonged soaking enhances enzymatic breakdown and mineral availability. Boiling methods also contributed to phytic
acid degradation. Boiling until tenderization reduced phytic acid to 0.38% ± 0.00 (50.00% degradation) while boiling until
moisture absorption slightly increased phytic acid content to 0.43 ± 0.04 (43.42% degradation) indicates that prolonged
heat exposure and water absorption influence the degradation efficiency. Pressure cooking showed moderate effectiveness.
Cooking with soda reduced phytic acid to 0.40% ± 0.11 (47.37% degradation), while pressure cooking without soda
resulted in slightly lower degradation at 39.47% (0.46% ± 0.01). It reflects that sodium bicarbonate slightly enhances
phytic acid breakdown, but may not be as effective as boiling until tenderization. This study suggests that boiling until
tenderization was the most effective method, followed by 12-hour soaking and pressure cooking with soda. These findings
are similar to the degradation of phytates in Lens culinaris reported by Hefnawy (2011), emphasizing the importance of
using appropriate processing techniques to enhance the nutritional quality and mineral bioavailability of Red Lentils.
Table 1. Phytic Acid Contents &% Degradation in Lens culinaris (Red Lentils)
S. No. Processing Method Mean % ± SD P Values % Degradation
1 Raw Lens culinaris 0.76±0.01 0.0
2 1-hour Soaked Lens culinaris 0.59±1.02 0.045a 22.37
3 6-hour Soaked Lens culinaris 0.51±2.02 0.072, 6.58
4 12-hour-Soaked Lens culinaris 0.41±1.07 0.046abc, 0.044abc, 46.05
5 Boiling till Tender Lens culinaris 0.38±0.75 0.038a, 0.039abc, 0.043abcd 50.00
6 Boiling till Moisture Absorption Lens culinaris 0.43±2.04 0.006a, 0.021ab, 0.001abc, 0.042abcd 43.42

7 Pressure Cooking with Soda Lens culinaris 0.40±0.11 0.007a, 0.026ab. 0.006abcd.
0.002abcds, 0.056abcde 47.37

8 Pressure Cooking without Soda Lens culinaris 0.46±0.01 0.003a, 0.0048ab, 0.043abc,
0.032abcd, 0.009abcde, 0.029abcde 39.47

The letters in the superscript indicate the significantly different values at P≤ 0.05

The phytic acid content and percentage degradation (Table 2) in Split mung pulse (Vigna radita) under different domestic
processing methods showed that raw split mung dal contained the highest phytic acid content (1.90% ± 0.00), serving as
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the baseline (0% degradation). Soaking significantly reduced phytic acid levels, with 1-hour soaking decreasing it to 0.64
± 0.01 (66.3% degradation), 6-hour soaking lowering it to 0.77 ± 0.09 (59.5%), and 12-hour soaking reducing it further to
0.66% ± 0.01 (65.3%). It indicates that short-duration soaking (1 hour) is more effective in degrading phytic acid than
prolonged soaking. Boiling methods showed moderate effectiveness, with boiling until tenderization reducing phytic acid
to 0.83% ± 0.01 (56.3%) and boiling until complete moisture absorption lowering it to 0.98% ± 0.01 (48.4%). These
results suggest that heat contributes to degradation, and moisture content is crucial to efficiency. Among all methods,
pressure cooking without soda was the most effective, reducing phytic acid to 0.50% ± 0.00 (73.7% degradation),
reflecting that high-pressure cooking enhances the breakdown of phytic acid more than other methods. In contrast,
pressure cooking with soda resulted in a slightly lower degradation rate of 53.2% (0.89% ± 0.00), suggesting sodium
bicarbonate may interfere with phytic acid breakdown. These findings are similar to the results of Kemal et al. (2025),
who found a similar reduction in percent phytates, specifically when cooked through autoclaving.
Table 2: Phytic Acid Content &% Degradation in Vigna radita (Split Mung pulse)
S.No. Processing Method Mean % ± SD P values % Degradation
1 Raw Vigna radita 1.90±0 ------- 0.0
2 1-hour-soaked Vigna radita 0.64±0.01 0.000a 66.3
3 6-hour-soaked Vigna radita 0.77±0.09 0.016a, 0.042b 59.5
4 12-hour-soaked Vigna radita 0.66±0.01 0.003a, 0.028ab, 0.045abc 65.3
5 Boil till Tenderized, Vigna radita 0.83±0.01 0.043a, 0.038ab, 0.026abc, 0.009abcd 56.3

6 Boiling till Moisture Absorption Vigna radita 0.98±0.01 0.045a, 0.023ab, 0.008abc, 0.045abcd,
0.041abcde 48.4

7 Pressure Cooking with Soda Vigna radita 0.89±0.00 0.026a, 0.019ab, 0.0032abc, 0.031abcd,
0.009abcde 53.2

8 Pressure Cooking without Vigna radita 0.50±0.00 0.000a, 0.001ab, 0.000abc, 0.019abcd,
0.032abcde, 0.005abcdef, 0.007abcdefg 73.7

The letters in the superscript indicate the significantly different values at P≤ 0.05

Table (3) results illustrate the phytic acid content and percentage degradation in Urad pulse (Vigna mungo) after different
domestic processing methods. The raw mash ki dal/urad dal contained the highest phytic acid content (1.90% ± 0.01),
serving as the baseline (0% degradation), meaning it retained its full antinutritional potential. Soaking significantly
reduced phytic acid levels, with 6-hour soaking decreasing it to 0.70% ± 0.08 (63.2% degradation), while 12-hour soaking
further lowered it to 0.36% ± 0.00 (81.1% degradation), indicating that prolonged soaking enhances enzymatic activity,
improving nutrient bioavailability. Boiling methods also proved effective in boiling until tenderization, reducing phytic
acid to 0.54% ± 0.01 (71.6%), and boiling until complete moisture absorption, lowering it further to 0.40% ± 0.03 (78.9%).
This suggests that cooking is crucial in breaking down phytic acid and improving digestibility. Pressure cooking without
soda was the most effective method, reducing phytic acid to 0.33% ± 0.00 (82.6% degradation), meaning that high-
temperature, high-pressure cooking maximizes phytic acid breakdown. In contrast, pressure cooking with soda led to a
slightly lower degradation of 76.8% (0.44% ± 0.00), suggesting that the presence of sodium bicarbonate might interfere
with enzymatic activity or alter pH conditions, affecting phytic acid breakdown. The current study's findings strongly
agree with the results of Huma et al. (2008), who reported a similar reduction in the phytate concentrations in urad dal
under different cooking procedures.
Table 3: Phytic Acid Content &% Degradation in Vigna mungo (urad dal)
S.No. Processing Method Mean % ± SD P value % Degradation
1 Raw Vigna mungo 1.90 ± 0.01 ------- 0.0
2 6-hour-soaked Vigna mungo 0.70 ± 0.08 0.000a 63.2
3 6-hour-soaked Vigna mungo 0.36 ± 0.00 0.002a, 0.001ab 81.1
4 12-hour soaked Vigna mungo 0.54 ± 0.01 0.000a, 0.004ab, 0.009abc 71.6

5 Boil till tender Vigna mungo 0.44 ± 0.01 0.000a, 0.002ab, 0.019abc,
0.036abcd 76.8

6 Boiling till the moisture content was fully absorbed 0.40 ± 0.03 0.000a, 0.008ab, 0.003abc,
0.0026abcd, 0.049abcde 78.9

7 Pressure cooking with soda (sodium bicarbonate) 0.44 ± 0.00 0.000a, 0.002ab, 0.006abc,
0.038abcd, 0.68abc, 0.051abce 76.8

8 Pressure cooking without soda 0.33± 0.00
0.000a, 0.000ab, 0.002abc,

0.002abcd, 0.019abcde, 0.013abcdef,
0.017abcdefg

82.6

The letters in the superscript indicate the significantly different values at P≤ 0.05.
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The Phytic Acid Content & % Degradation in Cicer arietinum (Table 4) presents the effect of different processing
methods on the phytic acid content. The raw sample has the highest phytic acid content at 0.71 ± 0.01, serving as the
reference with 0% degradation. Soaking treatments show significant reductions: 1-hour soaking decreases phytic acid to
0.41 ± 0.10 (42.3% degradation), 6-hour soaking to 0.49 ± 0.00 (31.0%), and 12-hour soaking to 0.65 ± 0.03 (8.5%).
Boiling methods also lower phytic acid content, with boiling till tenderized, reducing it to 0.43 ± 0.08 (39.4%) and boiling
until complete moisture absorption, decreasing it to 0.49 ± 0.03 (31.0%). Pressure cooking with soda results in 0.60 ± 0.09
(15.5%) degradation, whereas pressure cooking without soda leads to 0.65 ± 0.00 (8.5%) degradation. The findings
indicate that 1-hour soaking is the most effective method, reducing phytic acid content by nearly half (42.3%), followed
by boiling till tender (39.4%) and 6-hour soaking (31.0%). Mamiro et al. (2017) studied the effects of cooking methods on
the antinutritional factors of different Phaseolus vulgaris (split pea dal) cultivars and concluded positive effects of
steeping and cooking on the phytate degradation.
Table 4: Phytic Acid Content &% Degradation in Cicer arietinum (Split Bengal Gram)
S. No. Processing Mean ± SD P values % Degradation
1 Raw 0.71 ± 0.01 ------ 0.0
2 1-hour soaking Cicer arietinum 0.41 ± 0.10 0.000a 42.3
3 6-hour soaking Cicer arietinum 0.49 ± 0.00 0.000a, 0.002ab 31.0
4 12-hour soaking Cicer arietinum 0.65 ± 0.03 0.023a, 0.000ab, 0.001abc 8.5
5 Boiling till tender Cicer arietinum 0.43 ± 0.08 0.000a, 0.045ab, 0.023ab, 0.000acd 39.4

6 Boiling till the whole moisture content
was fully absorbed Cicer arietinum 0.49 ± 0.03 0.000a, 0.021ab, 0.003abd, 0.019 31.0

7 Pressure cooking with soda Cicer
arietinum 0.60 ± 0.09 0.006a, 0.000ab, 0.001abc, 0.001abcd,

0.003abcde 15.5

8 Pressure cooking without soda Cicer
arietinum 0.65 ± 0.00 0.023a, 0.003ab, 0.008abc, NS, 0.006abce,

0.052abc, 0.049abce 08.5

The letters in the superscript indicate the significantly different values at P≤ 0.05

3.2: Percent Phytic Acid Content & Percent Phytate Degradation in Pulses
The data regarding the phytic acid content and its percentage degradation in various pulses (Fig. 1-7), including Lens
culinaris, Vigna radiata, Vigna mungo, and Cicer arietinum showed that raw Vigna radiata and Vigna mungo had the
highest percent phytic acid, followed by Lens culinaris and Cicer arietinum. The percent degradation in 1-hour-soaked
pulses (Fig. 1) was the highest percentage of degradation that occurred in Vigna radiata, followed by Vigna mungo.
Among the pulses, Vigna radiata exhibited the highest phytic acid degradation of 66.3 percent, with a remaining phytic
acid content of 0.64 percent. Vigna mungo followed closely, with a 63.2 percent degradation and a final phytic acid
content of 0.70 percent. Lens culinaris showed a lower degradation percentage of 22.37 percent, retaining 0.59 percent
phytic acid. Cicer arietinum had the lowest phytic acid content post-soaking at 0.41 percent, with a degradation
percentage of 42.3 percent. The results indicate that soaking pulses for one hour significantly reduces phytic acid levels,
though the extent of reduction varies among different pulses.

Figure 1: Phytic Acid Degradation in 1-Hour-Soaked Pulses

Figure (2) shows the phytic acid content and its percentage degradation in pulses soaked for 6 hours. Among the samples,
mash ki dal/urad dal exhibited the highest phytic acid degradation at 81.1%, reducing the phytic acid content to 0.36%.
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This was followed by Split mung dal with a 59.5% degradation and a final phytic acid content of 0.77%. Split Bengal
gram showed moderate degradation at 31.0%, with a remaining phytic acid content of 0.49%. Red Lentils had the lowest
reduction in phytic acid levels, with only 6.58% degradation, resulting in a phytic acid content of 0.71%. These findings
indicate that 6-hour soaking is particularly effective in reducing phytic acid in mash ki dal/urad dal and Split mung dal. In
contrast, its impact on Red Lentils is relatively limited.

Figure 2: Phytic Acid Degradation in 6-Hour-Soaked Pulses

Figure (3) presents the percentage degradation of phytic acid in various pulses after 12 hours of soaking. Mash ki dal/urad
dal exhibited the highest phytic acid degradation at 71.6%, reducing its phytic acid content to 0.54%. Split mung dal
followed with a degradation rate of 65.3%, leaving 0.66% of phytic acid. Red Lentils showed a moderate degradation of
46.05%, with a remaining phytic acid content of 0.41%. In contrast, Split Bengal gram had the lowest degradation rate at
only 8.5%, retaining most of its phytic acid content at 0.65%.

Figure 3: Phytic Acid Degradation in 12-Hour-Soaked Pulses

Figure (4) illustrates the percent degradation of phytic acid in different pulses after boiling until tender. The results show
that boiling significantly reduces phytic acid content. Among the samples, mash ki dal/urad dal exhibited the highest
degradation at 76.8%, followed by Split mung dal at 56.3% and Red Lentils at 50.0%. This indicates that these pulses
benefit greatly from boiling in terms of reduced antinutrient content. Split Bengal gram showed the lowest phytic acid
degradation at 39.4%, suggesting that it retains more phytic acid even after boiling. This could indicate the need for
additional processing techniques such as soaking or fermentation to further reduce its phytic acid content. Overall, boiling
proves to be an effective method for reducing phytic acid in most legumes, thereby improving their nutritional quality and
mineral absorption potential.
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Figure 4: Phytic Acid Degradation in Boiling till Tenderized Pulses

Figure (5) represents the percentage phytic acid degradation in various pulses after boiling until complete water drying.
Among the samples, mash ki dal/urad dal exhibited the highest degradation at 78.9%, with phytic acid content of 0.40%.
The Split mung dal followed, with 48.4% degradation and 0.98% phytic acid content. Red Lentils had a moderate
degradation rate of 43.4%, containing 0.43% phytic acid. Meanwhile, Split Bengal gram exhibited the lowest degradation
at 31.0%, with a content of 0.49%. The data indicates that boiling pulses until complete water absorption significantly
reduces phytic acid content, enhancing their nutritional value.

Figure 5: Phytic Acid Degradation in Boiling till Water Absorbs Pulses

The data on phytic acid degradation in various pulses (Figure 6) was subjected to pressure cooking with added soda.
Among the samples, mash ki dal/urad dal + soda exhibited the highest degradation of 76.8%, reducing its phytic acid
content to 0.44%. Split mung dal + soda, followed with a 53.2% degradation, retaining 0.89% phytic acid. Red Lentils +
soda showed a moderate degradation of 47.3%, with a reduced phytic acid content of 0.40%. Meanwhile, Split Bengal
gram + soda had the lowest degradation rate at 15.5%, maintaining a phytic acid content of 0.60%. These results highlight
that pressure cooking with soda effectively reduces phytic acid levels. However, the extent of degradation varies among
different pulses, with mash ki dal/urad dal showing the most significant reduction.
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Figure 6: Phytic Acid Degradation in Pressure Cooking with Bicarbonate Soda

The phytic acid degradation observed in different pulses during pressure cooking without soda (Fig. 7) indicated that
Vigna mungo exhibited the highest degradation at 82.6%, followed by Vigna radiata at 73.7%. Red Lentils showed a
moderate reduction of 39.4%, whereas Split Bengal gram had the lowest degradation at 8.5%. This data highlights the
variation in phytic acid reduction among pulses when cooked under pressure without soda.

Figure 7: Phytic Acid Degradation in Pulses during Pressure Cooking without Soda

The mean overall percent degradation of phytates in pulses under various domestic processing methods (Fig. 8) showed
that soaking pulses for 1 hour led to a 40.6% reduction in phytic acid, while soaking for 6 hours resulted in a higher
degradation at 44.5%. However, an extended 12-hour soak showed a slightly lower reduction of 39.5%, possibly due to a
saturation effect. Boiling methods also played a crucial role; pulses boiled till tender resulted in a mean 43% reduction,
whereas boiling until water absorption resulted in only 35.7% degradation. Pressure cooking showed varying effects
depending on the use of soda. Cooking with soda led to a 36.3% reduction; without soda, the degradation was slightly
higher at 40%. This indicates that while pressure cooking is practical, the addition of soda does not necessarily enhance
phytic acid breakdown significantly. These findings are almost similar to many such studies (Mamiro et al., 2017; Iorgyer
et al., 2009; Gibson et al., 2010; Kemal et al., 2025; Das et al., 2011)
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Figure 8:Mean Effects of Different Processing on Percent Phytate Degradation
Conclusion
The current study concludes that conventional soaking and cooking methods effectively reduce phytate levels in locally
consumed pulses. This reduction enhances the bioavailability of certain minerals, which are otherwise bound by phytates
and rendered inaccessible for metabolic processes. These preparation practices are particularly beneficial for most
Pakistani households, where pulses are a dietary staple consumed frequently, often on a daily basis, and play a significant
role in mineral intake.
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