BIO Web of Conferences 178, 03004 (2025)
8" AMIFOST 2025

https://doi.org/10.1051/bioconf/202517803004

Comparative Analysis of Physico-Chemical Properties of
Parbhani Shakti sorghum and evaluation of its nutritional

profile under different pre-treatments

Anushree R. K", B.S. Agarkar? and V.S. Pawar’

'Ph.D Research Scholar, Department of Food Science and Nutrition, CCS, VNMKYV, Parbhani, India.
2 Associate professor and Head, Department of Food Plant Operations, CFT,VNMKYV, Parbhani, India
3 Professor and Head, Department of Food Science and Nutrition, CCS, VNMKYV, Parbhani, India
*Corresponding author: rkanushree25@gmail.com

Abstract. Parbhani Shakti, India's first biofortified sorghum variety, has been developed to address widespread micronutrient
deficiencies and to improve the nutritional status of populations dependent on millets and cereals. This study aimed to evaluate
and compare the physico-chemical, dimensional, functional, and nutritional properties of Parbhani Shakti with a local control
sorghum variety, while also examining the effect of selected pre-treatments—roasting, popping, malting and malting + thermal
steaming effects on its nutritional quality and antinutritional content by following standard procedures. Dimensional analysis
revealed that Parbhani Shakti had significantly greater grain length (4.47 mm), sphericity (89.34%) and surface area (33.16
mm?), indicating superior grain structure and processing suitability. Functional attributes such as hydration capacity, swelling
capacity, and bulk density also showed improvements in Parbhani Shakti compared to the control. Color values (L*, a*, b*)
further confirmed better visual appeal and possible consumer acceptance. Although differences in thousand grain weight and
swelling index were not statistically significant, Parbhani Shakti demonstrated consistently better overall functionality. Among
the various pre-treatments applied, malting was found to be the most effective in improving the nutritional profile. It
significantly increased protein (10.87 g/100 g), calcium (19.12 mg/100 g), iron (7.94 mg/100 g), and magnesium contents,
while notably reducing tannins (2.11 mg TAE/100 g) and phytates (1.85 mg/100 g). These changes are nutritionally desirable
and suggest enhanced bioavailability of essential nutrients. The study concludes that Parbhani Shakti sorghum, especially when
subjected to malting, can serve as a functional, nutrient-rich and techno economic feasible method suitable for developing
health-oriented food products. Its adoption and utilization can play a crucial role in supporting food and nutrition security,
especially in regions vulnerable to malnutrition and dietary inadequacies.
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1. INTRODUCTION

Sorghum (Sorghum bicolor L.), popularly known as

jowar, is often referred to as the 'King of Millets.'
Globally, it ranks as the fifth most significant cereal
crop after wheat, rice, maize, and barley. It plays a
vital role as a staple food in numerous arid and semi-
arid regions, especially across the Indian
subcontinent, Sub-Saharan Africa, northeastern
parts of China, and certain areas in the Americas"
[1]. In India, sorghum holds considerable agronomic
and nutritional significance, particularly in states
like Maharashtra, Karnataka, and Rajasthan. During
the 2023-24 cropping season, India produced
approximately 40.33 lakh tonnes of sorghum, with
Mabharashtra contributing the highest share at 14.04
lakh tonnes.

Sorghum is a C4 crop that exhibits high
photosynthetic efficiency, drought resilience, and
adaptability to poor soil conditions, making it an
essential crop for sustainable agriculture and food
security, particularly under changing climate
conditions. Nutritionally, sorghum grains are a rich
source of energy, protein, dictary fiber, essential
vitamins, minerals, and phytochemicals, including

phenolic acids and 3-deoxyanthocyanidins, which
exhibit potent antioxidant, anti-inflammatory, and
anticancer properties [2]. The average composition
of 100 grams of sorghum includes 72.1 g
carbohydrates, 10.6 g protein, 6.7 g dietary fiber, and
3.5 g lipids, providing approximately 1377 KJ of
energy.

Although sorghum is nutritionally valuable, its
direct use in human diets is restricted by the presence
of anti-nutritional components like tannins,
phytates, trypsin inhibitors, and protein cross-
linking agents. These substances can hinder nutrient
absorption and reduce protein digestibility. To
address  these issues, various processing
techniques—such as  soaking, germination,
fermentation, roasting, and decortication—have
been extensively explored. These methods aim to
lower anti-nutritional factors, enhance nutrient
availability, and improve the functional and sensory
attributes of sorghum-based foods [3].

In response to micronutrient malnutrition
challenges, biofortification has emerged as a
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sustainable and cost-effective strategy,
complementing dietary diversification, food
fortification, and supplementation. Sorghum has
been prioritized for biofortification due to its wide
consumption in vulnerable populations. India’s first
biofortified sorghum variety, Parbhani Shakti (ICSR
14001), was developed by ICRISAT and released by
Vasantrao Naik Marathwada Krishi Vidyapeeth
(VNMKYV), Maharashtra. This variety demonstrates
significantly enhanced nutritional traits, including
45 ppm iron, 32 ppm zinc, 11.9% protein, and a
reduced phytate content of 4.14 mg/100 g, compared
to conventional varieties. Such traits make it a
promising option to combat hidden hunger in rural
and resource-limited communities.

2. MATERIALS AND METHODS

2.1 PROCESSING OF PARBHANI SHAKTI
SORGHUM

The biofortified sorghum variety Parbhani Shakti
was thoroughly cleaned using potable water to
remove dust and foreign matter. The cleaned grains
were then dried in a cabinet dryer at 65 °C for 3
hours and 30 minutes, reducing the moisture content
to approximately 8%. These processed grains were
used for all subsequent experimental analyses. For
the assessment of dimensional, physical, and
functional properties, Parbhani Shakti was
compared with a local control variety. In addition,
the same biofortified variety was subjected to
various pre-treatment methods to evaluate their
effects on nutritional and anti-nutritional
parameters.

2.2 DIMENSIONAL PROPERTIES OF
PARBHANI SHAKTI SORGHUM

The length, width and thickness of 10 randomly
selected grains were measured using the digital
vernier caliper instrument with a degree of accuracy
(0.001 mm), and the average measurements were
expressed in millimetres. The Square Mean
Diameter (SMD) and Equivalent Diameter (EQD)
were calculated.

23 PHYSICAL AND FUNCTIONAL
PROPERTIES OF PARBHANI SHAKTI
SORGHUM

The physical and chemical properties of Parbhani
Shakti sorghum grains were evaluated using
standardized analytical methods. Parameters such as
seed weight, volume, hydration capacity, hydration
index, swelling capacity, swelling index, and bulk
density were determined following the standard
protocol. Color characteristics were assessed using a

The growing popularity of sorghum as a gluten-free
grain, especially among those with celiac disease or
gluten intolerance, further emphasizes its relevance
in contemporary diets. Additionally, its low
glycemic index and high fiber content support its
suitability for individuals managing obesity,
diabetes, and cardiovascular diseases [4].

The present study aims to assess the
physicochemical and nutritional characteristics of
the biofortified sorghum variety, Parbhani Shakti, to
facilitate its optimal use in food product formulation.
It further investigates the effects of different
pretreatment  techniques on its proximate
composition, mineral profile, and anti-nutritional
factors, with the objective of improving its
nutritional quality and functional attributes.

Lovibond LC 100 spectro-colorimeter along with
the SV 100 test kit. The color parameters measured
included L (lightness), a (red/green), b*
(yellow/blue), chroma (C*), and hue angle (Ho).

2.4 EFFECT OF PRE-TREATMENTS ON
PARBHANI SHAKTI SORGHUM

To study the effect of different pre-treatment
methods, various processing techniques were
applied to Parbhani Shakti grains. The resulting
flours were compared to raw sorghum flour
(control), which was obtained by grinding cleaned
grains using a Tata chakki grinder.

2.4.1. ROASTING

Roasting was performed following the method of
Ingbian and Akpapunam [5] with slight
modifications. Cleaned sorghum grains were roasted
in a pan at 120 °C for 15 minutes. After cooling, the
roasted grains were milled using a hammer mill.

2.4.2. MALTING

Malting was conducted as described by Anerao et al.
[6]. Cleaned sorghum grains were soaked in water
(1:3 ratio) for 12 hours, drained, and spread on
perforated trays lined with muslin cloth. The grains
were germinated under moist conditions, dried in an
air-flow dryer at 55°C for 12 hours, and lightly
roasted. Rootlets were gently brushed off before
grinding the malted grains into flour.

2.4.3. POPPING

The popping procedure was adapted and the grains
were adjusted to 11% moisture content using
distilled water and stored in sealed polyethylene
bags at 4 °C for 48 hours. Popping was carried out
in a hot air chamber preheated to 210 °C for 90
seconds. The popped grains were then cooled to
room temperature (~27 °C) before further use.
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2.4.4. MALTING + THERMAL 3. RESULTS AND DISCUSSION
STEAMING(MOIST  STEAMING  AND
31 DIMENSIONAL PROPERTIES OF
COOLING)

Malted grains were subjected to moist steaming at
115°C under 10 psi pressure for 5, 10, and 15
minutes following the standard methodology.

2.5 PROXIMATE COMPOSITION, MINERAL
CONTENT AND ANTI-NUTRITIONAL
FACTORS

The proximate composition including moisture, fat,
protein, ash, and crude fiber was estimated using
standard AOAC [7] methods. Carbohydrate content
was calculated by difference. Mineral analysis
(calcium, iron, =zinc, copper, magnesium,
phosphorus, and potassium) was conducted using
Atomic Absorption Spectrophotometry (AAS) [7].
The evaluation of anti-nutritional factors in Parbhani
Shakti sorghum included the estimation of tannins
and phytates. Tannin content was determined using
the modified Vanillin-HC] method in methanol,
which allows for accurate quantification of
condensed tannins. Phytate content was assessed
following the method, which involves the extraction
and colorimetric determination of phytic acid. These
methods provided a reliable assessment of key anti-
nutritional  components that influence the
bioavailability of essential nutrients in the sorghum
grain.

2.6 STATISTICAL ANALYSIS

The collected data were systematically compiled,
tabulated, and analyzed using appropriate statistical
methods. Analysis of Variance (ANOVA) was
applied to evaluate the impact of different pre-
treatment methods on the proximate composition,
mineral content, and anti-nutritional factors.
Additionally, a paired t-test was conducted to
compare variations in physical, functional, and
dimensional properties across specific treatments,
ensuring precise and reliable interpretation of the
results.

CONTROL AND
SORGHUM

PARBHANI  SHAKTI

Table 1 presents a comparative analysis of the
dimensional characteristics of control sorghum and
the biofortified variety, Parbhani Shakti. The results
indicate that Parbhani Shakti generally exhibits
enhanced dimensional features, with certain
parameters  showing  statistically  significant
differences. The length of Parbhani Shakti sorghum
(4.47+0.13mm) was found to be significantly
higher than that of the control sorghum
(3.63 +£0.13 mm), indicating a more elongated grain
structure. Similarly, sphericity was significantly
higher in Parbhani Shakti (89.34 +0.99) compared
to the control (82.03+0.47), suggesting a more
uniform and rounded grain shape. Furthermore, a
significantly higher surface area was observed in
Parbhani Shakti (33.16+0.80 mm?) than in the
control (27.89+0.08 mm?), indicating improved
grain size and potentially better surface interactions
during processing.

Additional parameters including width, thickness,
geometric mean diameter (GMD), arithmetic mean
diameter (AMD), square mean diameter (SMD),
equivalent diameter, surface area, volume, and
aspect ratio were slightly higher in Parbhani Shakti
than in the control variety; however, these
differences were not statistically significant. These
observations suggest that while Parbhani Shakti
shows noticeable improvements in grain structure,
the significant enhancements in length, sphericity,
and surface area may contribute positively to
processing properties such as milling efficiency, heat
transfer, and hydration behaviour.

The results of the present study are consistent with
earlier research. The length, width, and thickness of
sorghum grains across four different varieties ranged
from 4.56 to 4.10 mm, 3.99 to 3.59 mm, and 2.61 to
241 mm, respectively—values that closely
correspond to those observed in this study.

Table 1: Dimensional properties of control and Parbhani Shakti sorghum

Dimensional properties Control sorghum Parbhani Shakti | t value
sorghum

Length(mm) 3.63+£0.13 4.47+0.13 15.87*

Width(mm) 346+0.13 3.86 £ 0.29 2.74 (NS)

Thickness(mm) 2.56 +£0.21 2.67+£0.18 0.911 (NS)

Geometric mean  Diameter | 3.14 £ 0.08 3.66 +0.17 2.88 (NS)

(GMD) (mm)

Arthemetic mean | 3.21 £0.06 3.53£0.18 3.83 (NS)

diameter(AMD) (mm)
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Square mean diameter (SMD) | 5.836 = 0.44 6.3 +0.30 1.20 (NS)
(mm)

Eq diameter ((mm) 4.09 +0.14 449 +0.22 1.90 (NS)
Sphericity(mm) 82.03 £0.47 89.34+£0.99 16.36*
Surface Volume(mm3) 14.19 £0.93 17.17 £ 0.825 2.93 (NS)
Surface area (mm?2) 27.89 £0.08 33.16 £ 0.80 12.17*
Aspect ratio(%) 95.58 £0.98 95.66 + 0.57 0.36 (NS)

Each value is the average of three determinants

S- Significant NS-Non Significant * Significant at 5 %

3.2 PHYSICAL AND FUNCTIONAL
PROPERTIES OF CONTROL  AND
PARBHANI SHAKTI SORGHUM

Table 2 presents a comparative analysis of the
physical and functional characteristics of control
sorghum and the biofortified Parbhani Shakti
sorghum. Although numerical differences were
observed across several parameters, most were
statistically non-significant. The thousand grain
weight of Parbhani Shakti sorghum (26.83 £0.76 g)
was slightly higher than that of the control variety
(26.23+0.20g), but the difference was non-
significant. Similarly, seed volume was higher in
Parbhani Shakti (34.23 £ 0.25 ml) than in the control
(31.83 +£0.23 ml), with no significant difference.

Hydration capacity and hydration index were
improved in Parbhani Shakti (11.33+0.57 g/1000
seeds and 42.30£0.55, respectively) compared to
the control (10.1 +0.53 and 38.46 + 0.007), but these
differences were also non-significant. Similarly,
swelling capacity and swelling index showed slight
increases in Parbhani Shakti (19.10+0.36 ml and
55.79+0.77)  compared to the  control
(17.33+0.23 ml and 54.97 +0.40), and these too
were not statistically significant. Bulk density was
slightly lower in Parbhani Shakti (0.79 + 0.02 kg/m?)
compared to control sorghum (0.82+0.01 kg/m?),
but the difference was non-significant.

On the other hand, significant differences were
observed in color parameters. Parbhani Shakti

** Significant at 1%

showed significantly higher lightness (L*),
indicating a lighter grain appearance. The a* value
(red-green axis) and b* value (yellow-blue axis)
were both significantly lower in Parbhani Shakti,
suggesting a less reddish and yellowish appearance.
Further, chroma (C*), which reflects color intensity,
was significantly lower in Parbhani Shakti,
indicating reduced color saturation. The hue angle,
representing the overall shade or tint, was
significantly higher, showing a shift towards a more
yellow-green hue. These significant differences in
color characteristics highlight the distinct visual
appeal of Parbhani Shakti sorghum, which may
influence its acceptability in consumer markets.
Though differences in physical and functional
parameters were not statistically significant, the
observed trends point toward a slightly enhanced
hydration and swelling behaviour in Parbhani
Shakti, which could be advantageous for certain
food applications.

In terms of grain color, Ebadi et al. [8] assessed 12
sorghum varieties using the CIE 1976 (Lab*) scale
and reported lightness (L*) values ranging from
36.80 to 68.79, ‘a*’ values from 6.45 to 17.34, and
‘b*’ values from 10.29 to 36.48. The color profile
observed for Parbhani Shakti falls within these
ranges and supports the distinct appearance of the
variety. Overall, these physico-chemical variations
emphasize the enhanced functional and storage
potential of Parbhani Shakti sorghum over the local
variety, making it a promising candidate for diverse
food applications.

Table 2: Physical and functional parameters of control and Prabhni Shakti sorghum

Physical and functional | Control sorghum Parbhani Shakti | t value
parameters sorghum

Thousand grain weight(g) 26.23 +£0.20 26.83 +£0.76 1.07 (NS)
Seed volume (ml) 31.83+0.23 3423 +£0.25 7.85 (NS)
Hydration capacity(g/1000 | 10.1 +£0.53 11.33 £0.57 4.48 (NS)
seeds)

Hydration Index 38.46 = 0.007 42.30 +0.55 11.89 (NS)
Swelling  Capacity(ml/1000 | 17.33 +0.23 19.10+0.36 12.15 (NS)
seeds)
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Swelling Index 54.97 £0.40 55.79 £0.77 2.96 (NS)
Bulk Density(Kg/ m3) 0.82+0.01 0.79+0.02 2.18 (NS)
Color values
L* 64.98 £ 0.004 67.95 +0.005 445 **
a* 5.40 £ 0.004 431 £0.01 328%*
b* 26.04 = 0.004 23.31 £0.06 82%*
C* 26.60 = 0.004 24.32 £0.05 394.90**
Hue angle(h) 78.28 £0.004 79.77 +0.005 65535%*

Each value is the average of three determinants

S- Significant NS-Non Significant * Significant at 5 %

3.3 EFFECT OF PRE TREATMENTS ON
PROXIMATE COMPOSITION OF PARBHANI
SHAKTI SORGHUM

Table 3 presents the influence of various
pretreatment methods—roasting, popping, malting,
and their combinations with thermal steaming (TSI,
TS2, TS3)—on the proximate composition of
Parbhani Shakti sorghum. The untreated (raw)
sample recorded a moisture content of 7.22 g/100 g,
ash 1.46g/100g, fat 3.63g/100g, protein
9.52 /100 g, fiber 3.41 g/100 g, and carbohydrate
content of 74.75 g/100 g.

Roasting significantly reduced moisture
(6.35g/100 g) and fat (3.17 g/100 g), while slightly
increasing ash (1.64 g/100g) and carbohydrates
(76.48 /100 g). The reduction in moisture is
attributed to evaporation under high temperatures.
Fat content decreased due to lipid oxidation and
partial volatilization of unsaturated fats [9]. The
increase in ash and carbohydrate percentages is a
relative concentration effect resulting from moisture
and fat loss [9].

Popping further reduced moisture (5.46 g/100 g) and
fat (2.94 g/100g), while marginally increasing
protein (9.62 g/100 g). The rapid thermal expansion
during popping vaporizes water and disrupts the
endosperm, concentrating nutrients like protein.
Additionally, heat-induced Maillard reactions and
protein unfolding can enhance extractable nitrogen
levels, reflecting slightly higher protein value. Fat
loss occurs due to heat-induced degradation and
possible volatilization of surface lipids.

Malting led to a modest increase in moisture
(7.06 g/100g) and ash (1.82g/100g), a notable
decrease in fat (2.81 g/100 g), and a substantial rise
in protein (10.87 g/100 g). Increased moisture is
inherent to the germination process. Ash increased
due to enhanced mineral bioavailability from
phytate hydrolysis. Fat content declined due to
lipase activity during germination, which hydrolyzes
triglycerides [10]. Protein improvement is attributed
to the synthesis of new proteins during germination

** Significant at 1%

and enhanced nitrogen solubility from enzymatic
breakdown of storage proteins.

Combination treatments (Malt + TS1, TS2, TS3)
exhibited intermediate moisture levels (6.42—
6.75g/100 g), continued fat reduction (2.75—
2.83g/100g), and notable increases in protein
(11.28-11.92 g/100 g). These trends reflect the
synergistic effects of enzymatic modifications from
malting and structural alterations from thermal
steaming. The breakdown of insoluble fibers and
partial starch gelatinization during steaming can also
improve nutrient digestibility [11]. Ash content
slightly increased due to mineral concentration, and
carbohydrates also showed a marginal increase
(75.82-76.23 g/100 g) as a result of lower fat and
fiber fractions. The order of effectiveness for
enhancing protein content across treatments was:
Malt + TS3 > Malt + TS2 > Malt + TS1 > Malting >
Popping > Roasting > Raw.

Although the combination of malting and thermal
steaming  exhibited the most pronounced
improvements in protein and mineral contents, it is
relatively resource-intensive and requires controlled
processing infrastructure, making it less feasible for
typical household settings. Conversely, simple
malting is a low-cost, scalable, and -effective
technique that offers significant nutritional benefits
and can be easily adopted by communities and
small-scale processors.

These findings align with earlier research. Rai and
Verma (2018) reported that raw sorghum typically
contains 10—12% moisture, 10—12% protein, 3—4%
fat, and 70-75% carbohydrates. Combination
processing has further been found to enhance the
functional and nutritional quality of grains by
modifying starch-protein matrices and increasing
digestibility. In summary, the application of
appropriate pretreatment strategies, particularly
malting and malting with steaming, can be
effectively used to enhance the macronutrient
composition of Parbhani Shakti sorghum. These
methods improve its potential as a nutritionally
superior grain for use in complementary foods,
health products, and fortified formulations.
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Table 3: Effect of pre treatments on proximate composition of Parbhani Shakti sorghum

Pretreatments Moisture Ash(g/100g) Fat(g/100g) Crude Crude Total
(g/100g) protein(g/100g) fibre(g/100g) Carbohydrate
(g/100g)
Raw 7.224+0.01 1.46 +£0.05 3.63 £0.04 9.52 +0.06 3.41+0.01 74.75 £ 0.05
Roasting 6.35+0.27 1.64 £0.02 3.17+0.06 8.80+0.09 3.56+0.01 76.48 £ 0.25
Popping 5.46+0.11 1.60 £ 0.04 2.94 +0.04 9.62 +0.04 3.10+0.09 77.28 +0.27
Malting 7.06+0.11 1.82+£0.01 2.81+0.01 10.87+0.17 3.67+0.03 73.62 +£0.02
Malt + TS1 9.06+ 0.05 1.82 +0.01 2.81+0.01 8.48+0.12 3.10+0.08 74.71 £ 0.06
Malt + TS2 9.31+£0.05 1.82+0.01 2.77+0.01 8.12+0.11 2.94 +0.04 75.03 £0.07
Malt + TS3 9.41+ 0.01 1.82+0.01 2.74 +0.04 7.9 £0.03 2.78 £0.07 75.33£0.07
F value 494.77 98.407 187.82 306.626 87.835 191.148
SE(m) 0.071 0.017 0.023 0.05 0.035 0.087
CD at 5% 0.217 0.051 0.071 0.181 0.108 0.267

Each value is the average of three determinants

TS1- Thermal steaming 1, TS2- Thermal steaming 2, TS3- Thermal steaming 3

3.4 EFFECT OF PRE-TRETAMENTS ON THE
MINERAL CONTENT OF PARBHANI SHAKTI
SORGHUM

Table 4 presents the effects of various pretreatment
methods on the mineral composition of Parbhani
Shakti sorghum. In its raw state, the grain contained
17.30mg/100 g calcium, 4.42mg/100g iron,
426 mg/100 g zinc, 132.20mg/100 g magnesium,
371.58 mg/100 g phosphorus, and 370.23 mg/100 g
potassium.

Roasting resulted in a slight reduction in calcium
(15.27 mg/100 g), zinc (3.83mg/100 g),
phosphorus, and potassium levels, while iron
content increased marginally to 5.10mg/100 g.
These decreases may be attributed to thermal
degradation or volatilization of heat-sensitive
compounds, as well as mineral leaching due to
structural breakdown of cell matrices during
roasting. However, the increase in iron could be due
to thermal inactivation of antinutritional factors such
as tannins and phytates, which bind minerals and
inhibit absorption. Their degradation improves iron
extractability and concentration in the final product.

Popping demonstrated a similar pattern, with
reductions observed across all minerals including
calcium, iron, zinc, magnesium, phosphorus, and
potassium. These losses are likely caused by the
intense, short-duration dry heat treatment, which can
lead to partial degradation or volatilization of some
minerals, and structural alterations that reduce their
extractability.

Malting significantly enhanced the mineral content:
calcium increased to 19.12mg/100g, iron to
7.94 mg/100 g, zinc to 4.55 mg/100 g, magnesium to
135.5 mg/100 g, phosphorus to 366.5 mg/100 g, and
potassium to 375.46 mg/100 g. These improvements
can be scientifically explained by the germination-
induced enzymatic activity, which reduces anti-
nutritional factors such as phytic acid, a known
chelator of divalent minerals (e.g., calcium, iron,
zinc). The reduction of phytates during malting
enhances the bioavailability and extractability of
these minerals. Additionally, the breakdown of cell
walls during germination allows for better mineral
release during analytical processing.

Combination treatments involving malting followed
by thermal steaming (TS1, TS2, TS3) showed
comparable or slightly higher mineral contents than
malting alone, with minor variations observed
particularly in zinc and magnesium. These
additional enhancements may be due to the
synergistic effect of enzymatic activation from
germination and partial gelatinization or softening of
cellular matrices due to steaming, further facilitating
mineral release. However, excessive thermal
treatment could cause minor mineral leaching or
degradation, leading to slight inconsistencies. The
overall order of effectiveness of treatments in
enhancing  total  mineral = content  was:
Malt + TS3 > Malt + TS2 > Malt + TS1 > Malting >
Roasting > Popping.

Despite the superior results observed with combined
malting and thermal steaming, it is important to note
that these methods may not be techno-economically
feasible for household or small-scale processing due
to the need for specialized equipment and time-
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consuming procedures. In contrast, simple malting
emerges as a practical, low-cost, and effective
strategy to improve the mineral profile of sorghum,
making it accessible for rural communities and
household-level nutritional enhancement.

These findings align with earlier research. Rai and
Verma [12] reported mineral concentrations in raw
sorghum within the range of 200250 mg/100 g for
calcium, 140-160 mg/100 g for magnesium, and
280-300 mg/100 g for phosphorus, along with 3.0—
5.0mg/100g iron and 2.5-3.5mg/100g zinc.
Malleshi and Desikachar [13] documented

following malting due to phytate degradation. The
additional advantage of thermal steaming post-
malting has been acknowledged although the
practicality of such combined processes for
everyday use remains limited.

In summary, Table 3.4 clearly demonstrates that
malting and its combinations with thermal steaming
effectively enhance the mineral profile of Parbhani
Shakti sorghum, with malting alone offering an
optimal balance between nutritional benefit and
economic feasibility for  household-level
applications.

significant increases

in bioavailable minerals

Table 4: Effect of pre treatments on the mineral content of Parbhani Shakti sorghum

Pretreatments Calcium Iron Zinc Magnesium Phosphorus Potassium
(mg/100g) (mg/100g) (mg/100g) (mg/100g) (mg/100g) (mg/100g)
Raw 17.30+£0.2 4.42 +0.05 4.26 +0.07 132.20+ 0.26 371.58+0.38 370.23 +£0.25
Roasting 15.27+0.06 5.10+0.08 3.83+0.04 133.66+ 0.57 363.16+0.76 369.26 +0.46
Popping 15.824+0.01 4.796+0.09 3.53+0.04 129.66+ 0.57 357.66+ 0.57 366.43 +0.40
Malting 19.12+0.01 7.94 £0.04 4.55+0.03 135.5+0.50 366.5+0.5 375.46 +£0.45
Malt + TS1 19.10 £0.1 7.94 £0.04 4.43+£0.02 135.5+£0.50 366.5+0.5 375.46 £ 0.45
Malt + TS2 19.10+ 0.05 7.94 £0.04 4.43+£0.02 135.5+£0.50 366.5+ 0.5 3749 +0.1
Malt + TS3 19.10+ 0.05 7.94 £0.04 4.25+0.06 136.66+ 1.52 366.4 +0.55 374.66 +0.57
F value 972.64 43.47 168.70 26.62 179.22 243.23
SE(m) 0.05 0.03 0.02 0.426 0.31 0.235
CD at 5% 0.165 0.10 0.08 1.306 0.97 0.719

Each value is the average of three determinants

TS1- Thermal steaming 1, TS2- Thermal steaming 2, TS3- Thermal steaming 3

3.5 EFFECT OF PRE TREATMENTS ON ANTI
NUTRITIONAL FACTORS IN PARBHANI
SHAKTI SORGHUM

Table 5 illustrates the concentrations of anti-
nutritional factors i.e tannins and phytates in
Parbhani Shakti sorghum following various
pretreatment methods. In its raw form, the grain
contained 5.42mg Tannic Acid Equivalents
(TAE)/100 g and 4.10 mg/100 g of phytates on a dry
weight basis. These compounds are known to reduce
the bioavailability of key minerals such as calcium,
iron, and zinc by forming insoluble complexes.

The application of pretreatment techniques led to
significant decreases in these anti-nutritional factors.
Roasting reduced tannin and phytate levels to
3.87 mg TAE/100 g and 2.81 mg/100 g, respectively.
Similarly, popping resulted in  lowered
concentrations of 4.16 mg TAE/100 g for tannins

and 3.12 mg/100 g for phytates. These reductions are
mainly due to thermal degradation of polyphenolic
compounds and partial breakdown of phytic acid
under high-temperature conditions. Such thermal
processes cause structural modifications that lead to
the volatilization or inactivation of these
compounds.

Among all the methods, malting showed the most
substantial reduction, with tannin content dropping
to 2.11mg TAE/100g and phytates to
1.85mg/100 g. This enhanced reduction is attributed
to enzymatic activity during germination, especially
that of phytase, which hydrolyzes phytic acid into
inositol and free phosphate. Additionally, the
metabolic processes occurring during sprouting
contribute to the breakdown of condensed tannins,
significantly lowering their concentration.

Combination treatments involving malting followed
by thermal steaming (Malt + TS1, TS2, and TS3)
further reduced anti-nutritional factors, with tannin
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and phytate levels comparable to or slightly lower
than malting alone. The synergistic effect of
enzymatic hydrolysis during germination and heat-
induced degradation during steaming contributes to
the improved efficacy of these combination
treatments. Among them, Malt + TS3 exhibited the
lowest levels, indicating it to be the most effective
method, followed by Malt + TS2, Malt + TSI,
malting, roasting, and popping. The order of
effectiveness of treatments in reducing anti-
nutritional factors was observed as:
Malt + TS3 > Malt + TS2 > Malt + TS1 > Malting >
Roasting > Popping.

Although combination treatments demonstrated the
greatest reductions, they involve complex and
resource-intensive processing conditions. From a
techno-economic perspective, such methods may
not be feasible at the household level due to the need
for controlled germination and steaming equipment.
In contrast, simple malting emerges as a
scientifically robust and economically practical

method for reducing anti-nutritional compounds in
sorghum, particularly in resource-limited or
domestic settings.

These findings are in agreement with earlier reports.
Roasting and popping have been reported to reduce
tannins to 0.40—0.75 mg TAE/100 g and phytates to
400-550 mg/100g. Malting, owing to the activation
of endogenous phytases, has been shown to reduce
tannins to 0.30-0.50 mg TAE/100 g and phytates to
300400 mg/100 g [9].

Overall, the results from Table 3.5 indicate that
appropriate pretreatment strategies—particularly
malting and its combinations with thermal
steaming—can substantially reduce the levels of
anti-nutritional factors in Parbhani Shakti sorghum.
These reductions not only improve mineral
bioavailability and digestibility, but also enhance the
grain's nutritional profile, thus increasing its
suitability for use in functional and complementary
foods [14, 15].

Table 5: Effect of pre treatments on anti nutritional factors in Parbhani Shakti sorghum

Pre-treatments Tannins (mg TAE /100 g, DWB) | Phytates (mg/100g)
Raw 5.4240.01 4.1+0.1
Roasting 3.874+0.01 2.814+0.01
Popping 4.16 +0.01 3.12+0.01
Malting 2.11£0.01 1.85+0.04
Malt + TS1 2.10 +0.005 1.81 £0.04
Malt + TS2 2.03 +£0.03 1.78 + 0.005
Malt + TS3 2.02+0.03 1.77 £ 0.005
F value 11577 1378

SE(m) 0.013 0.024

CD at 5% 0.03 0.07

Each value is the average of three determinants

TS1- Thermal steaming 1, TS2- Thermal steaming 2, TS3- Thermal steaming 3

4. CONCLUSION

The study highlights the superior physico-chemical
and functional attributes of Parbhani Shakti sorghum
compared to a local control variety, making it a
promising candidate for nutritional enhancement.
Among the pre-treatments tested, malting
significantly improved protein, mineral content
(iron, calcium, zinc), and reduced antinutritional
factors like tannins and phytates. These
improvements are likely due to enzymatic activity
during germination, which enhances nutrient
bioavailability and digestibility. Malting proved to
be the most effective pre-treatment, offering a
simple and practical method to improve sorghum’s
nutritional profile. Overall, Parbhani Shakti
sorghum, especially when malted, holds great
potential for use in nutrient-dense food formulations
and public health nutrition strategies.

FUTURE SCOPE OF STUDY

e Product Development: Use malted sorghum to
create weaning foods and healthy snacks.

e Nutritional Trials: Study bioavailability and
health benefits in target groups.

e Storage Studies: Assess shelf-life and storage
stability of treated sorghum.
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