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Abstract

Now-a-days, immature grains such as baby corn, freekeh have become a delicacy due to its appealing appearance and desirable
texture. Along with these qualities, immature grains have better functionality too. This study was aimed at exploring the
characteristics of immature sorghum grain locally known as seethani for its utilization. The results revealed that varietal
differences were there for all the analyzed parameters including physical parameters, cooking quality, OAC, WAC, proximate
composition, mineral content, sugar content and starch content characteristics. In terms of physical measurements, seethani
was found to be smaller in size but it had a high amount ofprotein, dietary fiber, iron, and zinc. The functional properties of
seethani differed from mature sorghum because of differences in starch content and composition. Therefore, this niche product
can be popularized as baby corn and freekehand can be explored for further bioactive functionality andits utility.
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1. Introduction

Seethaniisan immature sorghum grain that is harvested
during the milky stage with 50 to 60 percent moisture
content and roasted before consumptiont. This is a very
popular seasonal ethnic food in some parts of North
Karnataka and South Maharashtra. It is known by different
names like belasiin North Karnataka, hurdain South
Maharashtra andponkin Gujarat. It is usually available only
during cold winter months from November to February. The
peak season is December and January. Advances in
technology have made it available even in late October and
early March.

Seethani can be prepared from any variety of sorghum but
traditionally preferred specific varieties are SakkariMukkari,
Rao Saheb, Phule Madhur, Phule Uttara, etc. In
SakkariMukkari water content is higher and is sweet to taste
like ‘sakkari’, i.e. sugar and there is a temptation to eat
more and hence name ‘mukkari’ meaning to gobble. The
other landrace Rao Saheb seeds are used similar to Sakkari
Mukkari . There is a notion among elders that eating
seethani for one month keeps the body healthier for a whole
year BB, Instead of this, it is limited to rural and poor people.
This special purpose sorghum,seethani can provide choice
to the end users in food enterprises. There is a need to
popularize seethani food as it is known that the immature
grains have better nutritive quality than the mature grains
because of the high fibre content (12 % to 20 % vs 10 % to
15 %), lowphytic acid, higher potassium/phosphorus ratio
(>1),high fructo-oligosaccharides content which can be
attributed to improved bioavailability of minerals such as
iron, zinc; and reduction in blood pressure, anti-cancer and
anti-diabetic properties etct 5. Now-a-day’s agro-tourism
business is increasing in the rural areas and supplying
sorghum seethani as a niche productthat would get more
profit to the farmers and producers. Systematic studies with
respect to physical characteristics, cooking quality and
chemical composition and value addition of seethani is
needed. Therefore, the objective of the study was to

characterize the physical characteristics, cooking quality and
chemical composition of the seethani.

2. Material and methods

2.1. Seethani preparation

SMJ-1(sweet variety),KMJ-1(popping variety) and M35-
1(chappati  variety) were procured from K.\V.K,
Bijapur,Karnataka. The earheadswere harvested at 70 days
and were processed traditionally into seethaniby roasting
panicles in a fire trench fuelled by cow dung for slow
roasting. The roasted seethani grains were separated from
panicles by rubbing with the hands when still hot and dried
to a moisture level of 4+0.5%.

2.2 Physicochemical characteristics of seethani

The physical characteristics of seethani viz., size of the
grain, 1000 grain weight, 1000 grain volume, and bulk
density were measured. Cooking parameters including
cooking time [ percent increase in weight after cooking,
percent increase in volume after cooking, percent solids
leached during cooking were measured with the functional
properties viz. water absorption capacity [ and oil
absorption  capacity 1 Chemical composition of
seethaniincluding proximate principles, dietary fiber,
minerals, sugar and starch content of seethani of different
varieties were analyzed in triplicate using standard AOAC
procedures [,

2.3 Statistical analysis

The SPSS version 16.0 software program was used to
estimate the mean, standard deviation, standard error mean,
and CD. One -way and two- way ANOVA was employed to
know the sample differences.

3. Results& Discussion

3.1 Physical parameters

Sorghum takes 90 to 110 days to reach physiological
maturity 1%, During maturation, physiological changes like
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increase in size, pericarp thickening, decrease in moisture
content, increase in starch content, etc takes place.If the
grain is harvested before maturity, all of these parameters
will get affected. Table 1 shows thephysical parameters of
seethani of different sorghum varieties.

Length, breadth, and thickness ofseethani ranged from 3.10
to 3.54, 3.47 to 4.19 and 1.79 to 2.31 respectively and 1000
grain weight ranged between 22.32 to 31.60g. Among all
the varieties, KMJ-1 being a popping variety had the lowest
measurement  values  for  length, breadth, and
thickness.Therefore, the least thousand grain weight and
volume.The diameter of sorghum grain ranged from 3.32 to
3.8 mm, 1000 grain weight ranged from 30.14 g to 37.9g
and 1000 grain volume 28.53 to 37.12ml and 0.77 to 0.81
g/ml bulk density [ 12131 The physical parameters reported
by these authors suggested that seethani is smaller than
sorghum. Due toharvesting at the milky stage, the
maturation process was hampered which resulted in smaller
grain with low density. This incomplete growth can also
beco-related with its starch accumulation and hence with
cooking properties.

3.2 Cooking properties

Cooking properties include cooking time, increase in weight
and volume, etc and are dependent on the structure of
endosperm, starch content, pericarp thickness, and size and
shape of the grain. In table 2 cooking properties of
seethaniare given. The popping variety is known to have
hard pericarp and compactly packed endosperm which
allows internal pressure and temperature to develop, enough
for popping 4. Table 2 suggests that the popping variety,
KMJ-1 requires a longer time to cook which in turn permits
more increase in volume. Due to the presence of hard
pericarp, solid leached were least in the KMJ-1 seethani.
Whereas solids leached were highest in SMJ-1 due to its
high soluble sugar content. SIAli et al. (1983) reported the
cooking time for sorghum ranged from 57 to 64 minutes.
Longer cooking time for mature sorghum can beattributed to
high starch content. Smallersize, underdeveloped starch
content and thin pericarp of seethani may explain the
differences in cooking properties with sorghum.Also
seethani is a roasted grain i.e. it has been subjected to pre-
treatment before cooking which might have damaged the
starch which in turn shortened its cooking time. Therefore,
shortened cooking time is better for from the processing
point of view and hence can be better utilized.

Table 1: Physical parameters of seethani of different sorghum varieties

Variety |Length (mm)Breadth (mm)Thickness (mm)Thousand grain weight (g)[Thousand grain volume (mI)BUI(IZ]/drEBS'ty
SMJ-1 |3.22+0.16°| 4.19+0.14° | 1.92+0.12° 23.62 £ 0.42° 25.23 £ 0.49° 0.93+0.01
KMJ-1 [3.10+0.27°| 3.47+0.50% | 1.79+0.15° 19.87 +0.12° 22.32 +1.50° 0.89 + 0.05
M35-1 |3.54+0.25%| 3.89+0.292 | 2.31+0.262 29.96 + 2.012 31.60 + 1.502 0.66 + 0.27
F value 9.17 1.31 0.74 54.84 67.47 0.77
S.Em.+ 0.07 0.10 0.06 0.68 0.72 0.16

CD.@5% 0.21" 0.31" 0.17" 2.38* 2.52" NS

*Significant @ 0.05 level, NS- Non-significant

Samples with same superscript in the same column are not

significantly different @ 0.05 level

Table 2: Cooking characteristics of seethani grains of different sorghum varieties

Cooking properties of grain
Variety | Cooking time Increase in weight after cooking | Increase in volume after cooking | Solid leached during cooking
(min) (%) (%) (%)

SMJ-1 10.00 + 0.36° 127.39 + 2.18° 106.96 + 14.78% 4.40 +£0.31°

KMJ-1 30.04 + 0.56° 126.19 + 2.33° 135.11 £ 8.36% 2.12+£0.05°

M35-1 27.69 £5.31° 128.06 £7.132 121.85 + 39° 3.39 £0.292

F value 209.69 2.81 14.84 23.01

S.Em.+ 1.78 1.60 4.22 0.14

CD.@ . . " «

50 6.17 3.02 14.92 0.50

*Significant @ 0.05 level, NS- Non-significant

Samples with the same superscript in the same column are
not significantly different @ 0.05 level

3.2 Functional properties

Functional properties reflect the complex interaction
between the composition, structure, molecular conformation
and physicochemical properties of food components
together with the nature of the environment in which these
are associated and measured 16 17- 18 Functional properties
of seethani flour such as water absorption and oil absorption
are presented in table 3. WAC and OAC define the
utilization of food/ food ingredients in the food industry.
WAC and OAC of seethaniflourwere found to be 200 to
276.66 percent and 155.9 to 161.3 %where SMJ-1 had the

lowest WAC and highest OAC. For sorghum, WAC and
OAC have been reported to range upto 131.34% and
90.56% 191,

Processing modifies the grain and may affect its functional
properties too.Seethani is a processed grain with a higher
level of lysine and lower levels of hydrophobic amino acids
viz., proline and leucine than mature sorghum which may
explain its high WACPI, [lUE|tayebet al. (2011)
suggestedthat the increase in WAC can also be attributed to
the starch gelatinization and swelling of crude fiber during
the heating process. For OAC the major chemical
component affecting is protein. During seethaniprocessing,
denaturation of protein results inexposure of hydrophobic
groups, having superior binding to hydrocarbon chains of
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lipids 22, Our result claims that this is a unique grain with
high WAC and OAC which can be utilized in bakery very

efficiently.

Table 3: Functional properties of seethani flour of different sorghum varieties

Variety Water absorption capacity (%) Qil absorption capacity (%)

SMIJ-1 200.00+10.00° 161.3 +0.01

KMJ-1 276.66 £5.77° 159.8 £ 0.04

M35-1 265.00 + 5.00° 155.9 + 0.07

F value 66.12 74

SEm. + 4.19 2.78
CD.@5% 17.51" NS

*Significant @ 0.05 level, NS: Non-significant

Samples with the same superscript in the same column are

not significantly different @ 0.05 level

Table 4: Proximate composition of seethani of different sorghum varieties per 100 g

Variety [Moisture (%) Crude Fat (g)] Ash (g) |Crude protein (g)Total CHO (g)/Crude fibre (g)Available CHO (g)| Energy (kcal)
SMJ-1 | 4.26+0.132 | 2.80 +0.15P [1.48 £ 0.059 12.25+0.47% |79.17 +0.54P | 2.82 +0.122 76.35+0.67° [392.33 +0.582
KMJ-1 | 4.46 +£0.112 | 2.47 £ 0.042 [1.46 £ 0.039 12.35+0.332 | 79.24 +0.36" | 2.81 +0.05? 76.43+0.31° [386.33 +3.78"
M35-1 | 4.28 +0.05% | 2.63+0.03° [1.40 + 0.044 9.22 +0.24" 82.46 £0.29% | 2.28 £ 0.51? 80.18 + 0.422  |389.59 + 0.52%
F value 3.37 11.05 2.14 72.58 60.51 3.09 59.60 5.43

S.Em. + 0.06 0.05 0.03 0.21 0.24 0.17 0.28 1.28

C.D. @ 5% NS 0.18" NS 0.72" 0.83" NS 0.98" 4.45"

*Significant @ 0.05 level, NS: Non-significant

Samples with same superscript in the same column are not
significantly different @ 0.05 level

Proximate composition of the food tells about its nutritive
quality. Table 4 shows the proximate composition of
seethani. Results showed significant differences in crude fat,
crude protein, total carbohydrates, available carbohydrates
and energy among varieties. MThakre et al. (1981) studied
the immature form of 16 varieties of sorghum and found
similar results where protein content ranged from 9.72 to
14.81%, fat content ranged from 4.70 to 2.20% and ash
content ranged from 1.60 to 2.70%.In comparison to the
harvesting stage, immature sorghumcontains more
protein?l In contrast to this,?Avramenko et al.
(2016)found that immature wheat had less protein (9.8%)
than mature wheat (13.4%). The difference in the protein
synthesis and accumulation rate of different grains might be

the reason for these non-congruent outcomes. Surprisingly,
(251 Takruri et al. (1990) proved that the protein quality of
milky stage grain is better than the dough stage or
harvesting stage grain. Therefore, it can be concluded that
the seethani is having better nutritive quality than sorghum
in discussed aspects.

Table 5 suggestsseethani as a good source of dietary fiber.
Among all the varieties, SMJ-1 found to have highest
amount of total dietary fiber whereas no significant
difference was found in soluble and insoluble fiber. During
the filling stage, the glucose unit polymerizes to form starch.
In the case of seethani, polymerization of glucose was
hampered in between this gave rise to monosaccharides,
disaccharides and may be oligosaccharides, etc. As [
Casiraghi et al. (2013) found immature wheat, freekeh, asa
good source of indigestible fructo-oligosaccharide similarly,
seethani can be explored for its functional fiber fraction.

Table 5: Dietary fibre content in seethani of different sorghum varieties per 100 g

Variety IDF (g) SDF (g) TDF (g)
SMJ-1 10.02 + 0.90% 2.04 £0.20% 12.06 + 0.90%
KMJ-1 8.89 + 0.86° 2.06 £0.742 10.96 +0.13%
M35-1 8.53 £ 0.302 1.47 +0.202 10.01 £0.13°
F value 3.29 0.28 0.02

S.Em. + 0.42 0.26 0.34

CD.@5% NS NS 1.19

*Significant @ 0.05 level, NS: Non-significant

Samples with the same superscript in the same column are

not significantly different @ 0.05 level

Table 6: Mineral content in seethani of different sorghum varieties per 100 g

Variety Iron (mg) Zinc (mg) Calcium (mg) Magnesium (mg)
SMJ-1 8.11 +0.06° 2.76 £ 0.01 35.30 £ 0.43° 126.83 + 0.28°
KMJ-1 4.40 + 0.05¢ 1.85+0.00 31.60 + 0.51° 142.00 £ 0.002
M35-1 7.09 +0.002 2.24£0.01 29.64 £ 0.16° 123.50 £ 0.57°
F value 248.13 2.82 54.11 291
S.Em.+ 0.59 0.27 0.36 1.83

C.D. @ 5% 2.04 NS 1.24" 9.32"

*Significant @ 0.05 level, NS: Non-significant
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Samples with same superscript in the same column are not
significantly different @ 0.05 level

The mineral content of anycropdependsupon the soil and
geographical condition. Table 6 suggestedthat all
varietiesdiffersignificantly in terms of mineral content
includingiron, zinc, calcium, and magnesium. SMJ-1
varietyhad the highest content of iron, zinc, and calcium
whereas KMJ-1 had the highestamount of magnesium.
Similarresultswere found by Sajjanaret al. (2012)2"where
SMJ-1 and RSJ-1 reported having a higher content of
micronutrients (zinc and iron) compared to M 35-1.
SakkariMukkari (seethanivariety) was recorded to have
8.18mg and 2.35mg of iron and zinc which was in
agreement with our study [?81,

Table 7: Sugar content in seethani of different sorghum varieties

. Reducing sugar |Non- reducing sugar | Total sugar
Variety (%) (%) (%)
SMIJ-1 2.63£0.42 1.01+0.35 3.65 £ 0.25°
KMJ-1 2.11+0.33 0.82 £0.28 2.92 +£0.10°
M35-1 1.92+0.31 0.92 £0.17 2.85+0.14°
F value 2.61 0.92 15.79
S.Em. + 0.21 0.17 0.10
cb.@s NS NS 0.38°
0

*Significant @ 0.05 level, NS: Non-significant

Samples with the same superscript in the same column are

not significantly different @ 0.05 level

All  monosaccharidesare reducing sugars, containing
aldehyde and ketone, whereas disaccharides such as sucrose
are non-reducing sugars without any free hydroxyl group.
Both mono and disaccharides are responsible for the
sweetness of the grain. In table 7, we found out that SMJ-1
variety is the sweetest among all. SMJ-1 being the landrace
cultivated for seethani purpose is having the highest amount
of total sugars as well as reducing sugars.Thakre et al.
(1981) ™M estimated water-soluble carbohydrates in milky
stage sorghum which ranged from 1.05 to 2.6%. The total
sugar content of twenty-two studied seethani purpose
genotypesranged from 0.53 to 5.09% in the study of
Chawan et al., 2013 . During maturation of grain,
enzymes namely o-D-glucose 1- phosphate (G1P),
Uridinediphosphate o -D-glucose (UDPGIc), adenosine
diphosphate a - D-glucose (ADPGIc); starch synthases are
involved in the synthesis of starch from activated o — D-
glucose.All these enzymes get activated after filling stage.
That is why in mature sorghum the total sugars ranged from
1.51 to 2.11%, reducing sugars and non-reducing sugars
content ranged from 0.11 to 0.15 and 1.37 to 1.99% %, On
the contrary, the activation of these enzymes polymerizes
sugars into starch. J. Ni. et al., (2011) Blstudied dynamic
changes in sugar and starch content in wheat during the
grain filling stage.This study revealed that the total soluble
sugar, sucrose, fructan content decreased and pentosan,
starch content and starch accumulation rate increased during
the grain filling stage. Our study revealed that the starch and
itsconstituents were significantly higher in mature sorghum
grain than in seethani.

Table 8: Comparison of starch content and its components in seethani and mature grain

Stage Seethani (g/100 g) Mature grain (g/100 g)
Amylose | Amylopectin Starch Amylose | Amylopectin Starch
SMJ-1 9.63+0.55" |35.01 +0.802 | 44.64 + 0.542 | 26.53 + 1.85° | 46.31 + 2.012 | 72.85 + 0.62°
KMJ-1 22.66 £0.572 | 14.11 +1.04°| 36.77 £ 0.59° | 47.6 £ 0.522 | 23.54 + 0.69¢ | 71.14 + 0.34°
M35-1 10.83 + 0.15% | 26.39 + 9.48" | 40.89 + 0.62° | 33.43 £ 0.40° | 41.77 £ 0.73" | 75.06 + 1.81%
F- value S.Em. + C.D. @ 5%
Variety 626.91" 4.48 4.33"
Stage 2.73NS 5.85 27.26"
Variety*Stage 33.73" 3.06 870.46"

*Significant @ 0.05 level, NS: Non-significant

Samples with the same superscript in the same column are
not significantly different @ 0.05 level

4. Conclusion

Seethani is roasted immature sorghum which is consumed
only in the areas of north Karnataka and south Maharashtra.
Researches on immature grains including wheat i.e. freekeh
and maize i.e. baby corn showed that immature grains are a
better source of oligomers and nutrients which are easily
digestible. Similarly, in this study, we tried to characterize
the immature sorghum i.e. seethani.Our study showed that
seethani can be a good source of nutrients including protein,
dietary fiber both soluble and insoluble, minerals such as
iron, zinc and has different functional properties than its
mature counterpart. Hence, the utilization of seethani as
food depends on its functional properties therefore, it needs
to be explored in depth.
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