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ABSTRACT

Introduction and Aim: Fenugreek (Trigonella foenum graceum) is extensively cultivated in several Asian nations.
The leaves and seeds of this plant are well recognized for their potential against diabetes, some cancers and
imparting immunity. They are often employed as adhesives and emulsifying agents. Polysaccharides can be found
in abundance in fenugreek seeds. Galactomannan, a water-soluble polysaccharide, efficiently reduces the surface
tension and increases the viscosity of liquids.

Materials and Methods: In this study, a simple method for extracting as well as purifying galactomannan was
developed. It was produced from fenugreek plant's seeds and purified by centrifugation and isopropyl alcohol (IPA)
spirit precipitation methods.

Results: The presence of carbohydrates by Molisch test and an absence of reducing sugar by Fehling’s test was
revealed. The pH of the purified galactomannan was 6.37, and its foaming capability was 14.28 %. The
Galactomannan gum was found to possess 81 % emulsifying capacity. It revealed that the capacity to hold water
was 1480% and the ability to hold oil was 268%.

Conclusion: In contrast to guar gum as well as the locust bean gum which are employed in various industries as
thickeners, emulsifiers and stabilizers, galactomannan, produced in this study, is an effective and affordable method
of stabilizing and emulsifying various products.
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INTRODUCTION containing galactomannan polysaccharides. The major

. bioactive constituents of fenugreek seeds are: 3.6%
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in the medicinal plant category, originating primarily ;apc)lnlk;\ls, f_2b5 .to iog/ot g:l;cto?argnar;, 20 t0k25 dAJ
in India and Northern Africa but now widely available INSOIUbIe TIDEr, an 0 4 % ash (5). Fenugreek seeds

in other Asian countries such as China, Egypt, have trad_itionally been used as a food source and for
Pakistan, Turkey, and the Mediterranean (1). This therapeutlc purposes. Over fime, there has. been a
plant’s sced is a decent polysaccharide source; growing demand to extract components from its seeds,
however, few have investigated its significance. Its which ln(_:lude pol_ysaccharldes used for storage as well
utilization is confined to household remedies. Ethno- asds?ponm;. S'm'll_aééo ?ums mide frorlrzwegur?r, tarf,
pharmacology studies show that it can be used to treat and locust beans (LBG), enugree"gum( )I as ((1-
cancer (2, 3), basic chills, torn ligaments, mouth sores, 4)-D mannosg)_m !ts COre as Well as -D-ga actos_e at
diuretic, high blood pressure, abdomen aggravation, %6’ hoyvevir itis highly SUbISt'IUted'. Mgg (.)f ths t'mi’
and dry lips, as well as being antimicrobial, antifungal, t ﬁ-lrat_lto' 02 rgann(()jsi :,_0 ggéct_lqée In q LBI(SB a60u:[|'h,
and hyper-cholesterolemic. The active principle in its while 1L 1S 2, o, an or %, 1%, and Lt (6). The
leaves as well as seeds is utilized to make extracts or bulk polysa_ccharlde component_fou_nd in the .SEEd
powders intended for therapeutic usage. An agueous endosperm is galactomannan Wh'Ch.'s stable, sticky,
extract of Trigonella foenum graecum has been found and  very solub_le In watgr. (F.'g'l)' .Althoggh’
to lessen oxidative stress in the kidneys of rats given galactomann_an biopolymer is available in various
morphine, demonstrating the herb's well-known anti- non-copventlonal 'plants (7). the plants_ frqm the
oxidative effects (4). Fenugreek seeds are composed Leguminosae family are preferred by scientists for

of two cotyledons, with a wrinkled seed coat of a resefir_ch (8.)' It _thlckens a_md settles a variety Qf
brownish yellow color, encircling an endosperm nutritional ingredients and is currently employed in

the food sector as a rich carbohydrate storehouse (9).
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Fig. 1: Structure of galactomannan

Latest research suggests that galactomannan gum may
be surface dynamic. It has been established that steady
emulsions having a generally small bead measure (3
mm) can be shaped by utilizing cleaned
Galactomannan gum. According to a study, the gum
contains 0.8 % protein, which prevents hydrophilic
gum from performing the task of surface action alone
(10). Galactomannan gum additionally demonstrated
the highest settling qualities in an oil-in-water
colloidal system among five gums under study and
eleven industrial gums. Since there has not been much
research on the use of galactomannan in the food
industry, a detailed analysis of its physicochemical
properties as well as structure would provide light on
its fundamental nature and support efforts to promote
its potential application in the food and nutrition
industry (11). Thus, the present study aimed to extract
and purify galactomannan gum and evaluate its
physical properties. The fenugreek seeds were simply
processed to obtain galactomannan. Isopropyl alcohol
in addition to water were used as solvents for
extraction, and centrifugation was used to clean the
substance. Its stability, emulsification, as well as
ability to contain both water and oil were evaluated.

MATERIALS AND METHODS
Sample material

The dried seeds of fenugreek plant utilized in this
investigation were bought at the neighbourhood
market.

Extraction and purification of polysaccharides

Galactomannan was extracted and purified by the
techniques depicted in Fig. 2 and by protocol followed
by Kristjansson et al., with some alteration (12).
Fenugreek seeds were washed in distilled water, dried,
and crushed. They were then immersed in a 5 % NaCl
solution that had been pre-acclimatized to a pH range
of 3 to 5, and allowed to settle for 48 hours at 37 °C
with intermittent stirring. The sample was then put
through a 10-minute, 10,000-rpm, 4-degree Celsius
centrifugation process. Unrefined gum material
comprising crude galactomannan was isolated as a
supernatant. The IPA spirit (10 % ethanol with 90 %
isopropanol) was mixed with unrefined galactomannan
in a 3:1 proportion by volume, followed by active
mixing and vigorous stirring in a homogenizer. The
gum, including galactomannan, was then collected by
centrifuging the mixture for seven minutes at 4°C and
6000 rpm. In order to precipitate this gum once more, a
new portion of isopropyl alcohol was added after it had
been thoroughly dispersed in freshwater. This process
was repeated three times to produce a whiter-looking
product that was also notably devoid of salts as well as
acidic ingredients. A 5 % salt solution was used to
rinse the seed particles till all of the gum was removed
from the seeds. Using an oven drier set to 50°C, the
generated gum was dehydrated under vacuum.
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STEP 1: EXTRACTION OF GALACTOMANNAN

Fenugreek seeds

Crushed seeds immersed in 5 % NaCl solution
pH 3-5,48 hat 37°C

Product extracted from the mixture by centrifugation (10,000 rpm for 10 min, 4 °C)

Galactomannan

STEP 2: PURIFICATION OF GALACTOMANNAN
Precipitation by isopropyl alcohol (IPA)
Centrifugation at 6000 rpm for 7 min

Repeated precipitation and centrifugation for further purification

Purified product oven-dried to obtain Galactomannan powder
Galactomannan

Powder

Fig. 2: Extraction and purification process for Galactomannan
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Qualitative analysis of carbohydrates
Molisch test

Two millilitres of the sample galactomannan solution
and two drops of the alpha-naphthol reagent were
poured into a test tube. A dropper was used to pour
concentrated sulphuric acid along the tube's edges
while it was kept in a slanting posture. Carbohydrates
can be detected by the development of a violet colour.

Fehling's test

Identical parts of Fehling A and B solutions were
combined with two millilitres of
the galactomannan sample in a test tube before being
placed in a pot of boiling water for a few minutes. The
existence of reducing sugars in the test group was
indicated by the development of a yellow or brownish-
red cuprous oxide precipitate.

Assessment of various activities
Emulsifying capacity

The emulsification capability of Galactomannan was
investigated according to Brummer et al., with some
modification (13). Standard available coconut oil (four
millilitre) was blended to forty millilitre of
hydrocolloid suspension (0.5 % weight/volume),
which was then homogenized for one minute at 10,000
rpm. Centrifugation was then performed for 5 mins at
6000 rpm. The Emulsifying Capacity (EC) was
determined as:

£C=x, %100 [ty
Here, x, refers to the emulsion volume while t,
denotes the total volume

Water and oil holding capacity

The protocol prescribed by Robertson et al., with
certain changes was utilized to measure the sample’s
water as well as oil holding capacity (OHC) (14). 250

mg of the material was mixed with twenty-
five millilitres of either distilled water or coconut oil
bought in retail. After mixing, it was allowed to sit at
room temperature for one hour. For five minutes, the
mixture was then centrifuged at 10,000 rpm. The
residual material was quantified following
centrifugation. The following formula was used to
calculate the capacity to hold both water and oil:

HC (%) = (weight gained by the sample / dry weight

of the sample) x 100

Foaming property

According to Temelli, the foaming capacity was
examined (15). The volumes were measured in
advance and subsequently after the test, which
involved dissolving the 1.25 g of the sample in 50 mL
of distilled water and violently shaking the mixture for
5 minutes. The equation utilized to determine the
percentage of volume increase is as follows:

Percentage increase in volume = [(V2 - V1)/ V1] x 100
Here, V1 and V; refer to the volume of solution before
and after mixing.

RESULTS
Extraction and purification of galactomannan

This study's altered approach for extracting as well as
purifying galactomannan was quite successful. The
crude extract of galactomannan with some impurities
was obtained after centrifugation (Fig. 3). But to
remove the impurities from crude galactomannan,
further purification was done by isopropyl alcohol
precipitation. A customary  whitish  sticky
galactomannan was finally obtained after purification
steps and the comparative quality of the biopolymer
was accounted for in the literature (Fig. 4). The
acquired galactomannan had a high dissolving ability
in water. The strategy was very effective in extracting
a good yield of galactomannan biopolymer.

Fenugreek seeds

Crushed fenugreek seeds

Supernatant and pellet
collected after centrifugation

Fig. 3: Extraction of galactomannan
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Precipitation and Homogenization

Thread like Galactomannan gum

Fig. 4: Purification of galactomannan

Qualitative analysis
Molisch test

The highly sensitive Molisch test for detecting the
presence of carbohydrates was carried out. In this
study, the formation of a violet layer indicated the
presence of carbohydrates (Fig. 5a).

Fehling's test

By turning a deep blue copper (Il) solution into a red
precipitate of insoluble copper (I) oxide, which is an
indication of the existence of reducing sugars in the
sample. This test showed negative results due to an
absence of brownish red precipitate. This indicated the
absence of reducing sugar (Fig. 5b).

By

(a)

Fig. 5: (a). Molisch test (b). Fehling's test
Assessment of various activities
Emulsifying capacity (EC)

The emulsifying capacity for the purified
galactomannan was 81.0 %. To further understand how
galactomannan gum affects emulsions, duplicate
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emulsions with various amounts of this glue were
created. The emulsion containing different
concentrations of galactomannan gum (0.25, 0.5, and
0.1 %) demonstrated an emulsifying action which
extended with increasing gum fixation up to 0.5 %, in
contrast to guar gum. The strength of emulsions made
with varied concentrations such as 0.25, 0.5, in
addition to 0.1 % weight by volume of galactomannan
gum appears to be economically reliable. It was
revealed that galactomannan gum revealed good
effects on emulsion modification. After two weeks of
storage at 25 °C, the stability of this galactomannan
gum emulsion with 0.5 % was found to be higher than
with 96.5 %. Besides, suspensions with 0.25 % and 0.1
% of galactomannan gum could retain the
emulsification strength till 95 % and 90 % respectively
for more than fourteen days, separately.

Water holding capacity (WHC) and oil holding
capacity (OHC)

The WHC was determined to be 1480 % and the OHC
was found to be 268 %. The gum's ability to retain
water and its wetness once equilibrium has been
established under a specific environment make up the
gum's water-holding limit. In this investigation,
galactomannan gum had a greater oil holding capacity
than the guar gum.

Foaming property

The arrangement of foams is caused by the whipping
of gums. The creation of a stable system that could
hold small solute particles was said to be the cause
of this foaming. The foaming property of purified
galactomannan was 15 %. The foam limit and

Biomedicine- Vol. 43 No. 2: 2023



Jahnavi et al: Extraction, purification and assessment of galactomannan from fenugreek seeds

steadiness of watery scatterings of galactomannan
gum were determined to be the important factors.
Interestingly,  galactomannan  gum  effectively
maintained the stability of the foam volume even after
two hours, whereas the foam strength of guar gum
decreased. This characteristic facilitates its use as a
stabilizer in foamy beverages, such as beer or even
cappuccino.

DISCUSSION

In the literature, very low yield of this plant-derived
adhesive is reported as it might be affected by the
procedure utilized for extraction of biopolymer. The
enzymatic technique produced 5.14 %, which was the
highest B-glucan yield (16). It is acceptable to say that
the present study produced high yield of
galactomannan, which is essential for an efficient
usage of this biopolymer.

Biochemical tests were performed to identify the
nature of the biomolecules produced. Its dehydration
with sulfuric acid is the basis of Molisch's test, which
results in the formation of a violet ring as a result of
an aldehyde condensation with two molecules of
naphthol. The presence of aldehydes was determined
using Fehling's assay.

Due to their inability to disperse or be weakened by the
expansion of oil, these emulsions were found to be of
the oil-in-water type (17). These hydrocolloids'
emulsifying abilities may be due to their fundamental
makeup, as to the manner in which their substituents
and proteins are put together, which may lend them a
hydrophobic quality (11, 13). In the literature under
similar conditions, galactomannan gum was shown to
possess greater emulsion soundness than mash gelatin
of sugar beet whose emulsion strength was 70.1 % for
more than one day (18). It was also high for some basic
nutrition hydrocolloids, for example, methylcellulose,
oat gum, guar gum, gum Arabic, gelatin, flaxseed, and
beetle bean gum (11, 19). The effect of galactomannan
gum as an emulsion is credited to its steric capacity for
balancing out the drops of oil in an emulsion averting
mixture (12). The lower emulsion limit and solidity
could be caused by the arrangement's interfacial strain
and the size of the polymers' subatomic loads.

The proportion of water or oil held per gram of the
sample was used to express the water holding capacity
(WHC) as well as the oil holding capacity (OHC). It is
crucial to evaluate the WHC of gum in light of the
parameters of capacity. It is also imperative for
choosing an adhesive based on its water-holding
properties in correlation to its economic potential for
applications in nutrition, beautification, as well as a
therapeutic agent. As opposed to guar gum, some
findings demonstrated that galactomannan gum was
less adept at holding water (20). The retention of
moisture in these polysaccharide structures may be
caused by the proximity of a huge amount of hydroxyl
assemblies and residual proteins (21). Because
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proteins have a strong relationship with polar
constituents and exhibit a hydrophilic association
through hydrogen holding, the water holding limit is
dependent on capillary, pore measurement, and
charges on the protein atoms. Close examination of
galactomannan revealed the existence of proteins as
well as minerals, making galactomannan gum ideal for
use as a stabilizer in specific food items.

Non-polar gum particles that can attract oil beads and
cause an unnatural condition of oil retention are to
blame. This characteristic affected the texture of food
in a variety of ways (22). The synthetic and structural
properties of hydrocolloids, such as the ratio and
location of hydrophobic to hydrophilic assemblies
within the hydrocolloid structure, are largely
responsible for their ability to contain oil (23). The
extracted gum substance will be very helpful in
retaining the fat molecules that might encourage
lubricity, a liquefying effect, as well as plasticity in
the finished products (24).

The arrangement of foams is caused by the whipping
of gums. The foam limit is related to an atom's ability
to reduce the surface pressure of the air/water contact,
and it is specifically related to surface strain. Apart
from the polysaccharide, the concentrate's
glycoprotein combination with protein may have
contributed to this foaming, which is characteristic for
galactomannan gum. This enables the galactomannan
to lessen surface strain and show even more foaming
capacity (25). Galactomannan's stability makes it
easier to use in food items which consists of foam,
such as mousse, various drinks, meringues as well
as marshmallows.

CONCLUSION

The type of technique used for extraction as well as
purification has a significant impact on the
physiological properties of galactomannan. In this
study, galactomannan was extracted and purified by
centrifugation and IPA (isopropyl alcohol) spirit
precipitation. Our modified strategy was fruitful in
expelling the majority of the galactomannan’s
debasements with a decent ultimate vyield.
Galactomannan showed good functional properties,
including the ability to emulsify, hold water and oil,
and foam, in addition to having a fair amount of
carbohydrates but no reducing sugar. Galactomannan
is better than gums that are already on the market
because it is cheap and has good properties. It could
be used as an emulsifier, thickener, and stabilizer in
industry.
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