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Abstract

Background: The study of sorption isotherm is the most important for prediction of shelf life, selection of packaging
materials, drying characteristics, etc., of any food and agricultural materials. Gum is hygroscopic in nature, so finding of
moisture sorption is crucial. Equilibrium moisture content of babool gum at 30, 40, 50 and 60 °C temperatures under
relative humidity ranging from 11 to 95% was determined.

Results: Maximum equilibrium moisture content (EMC) of babool gum (33.6%, db) was recorded with the set of
highest relative humidity (92.3%) at lowest temperature (30 °C), and minimum (2.8%, db) was obtained with the set

of lowest relative humidity (10.9%) at highest temperature (60 °C) under the experimental conditions. The EMC data
were employed in five well-identified sorption models, namely GAB, Iglesias and Chirife, Caurie, Halsey and BET model.
GAB model best interpreted the data in a reasonable way as per statistical parameters of goodness of fit. The mon-
olayer moisture content M, was found to be 8.46 and 7.49 g/100 g at 30 and 60 °C, respectively.

Conclusion: The sorption behaviours of babool gum were classified as type-Il curves. It was obviously perceived that
the isosteric heat decreases with the boost in moisture content.
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Background

A natural gum, in general, is a water-soluble polysaccha-
ride which is extractable from natural sources, especially
from plants. Plant gums may be broadly classified into
exudate gums, which are obtained as exudates of trees
and shrubs and seed gums, which are obtained from the
endosperms of seeds (Sao 2012). Chemically, natural
gums are bio-polymeric materials composed of com-
plex hetero-polysaccharides and proteinaceous materi-
als, in addition to some mineral elements (Palipane and
Driscoll 1993). Acacia nilotica (Babool tree) is one of the
chief gum-yielding acacia species originated in the Indian
subcontinent (Muniappan et al. 2009). Acacia nilotica
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(Indian gum Arabic) belongs to the family Leguminosae
and subfamily Mimosaceae. 1t is indigenously known as
‘Babool’ or ‘Kikar! Acacia nilotica has been acknowledged
worldwide as a multipurpose tree (National Academy
of Sciences 1980). The physical and chemical properties
of acacia gum make it unique from other natural gums
and that is why it is very importantly used in the food
industry. The gum contains L-arabinose, L-rhamnose,
galactose and four aldobiouronic acids. Acacia gum is
also utilized in non-food industries for instance in novel
pharmacy where it is frequently utilized as a binder,
demulcent, emulsifier or for film-forming. Acacia gum
is a complex composition of glycoproteins and polysac-
charides predominantly consisting of arabinose and
galactose.

The awareness of moisture adsorption isotherms for
food products is of immense significance in designing
and improving the processing operations like drying,
dehydration, design of drying equipments, forecasting
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the shelf life of products, selection of packaging materials,
modelling for drying of products, designing in changes of
moisture during storage, suitability of storage conditions,
etc. A moisture sorption isotherm represents the affilia-
tion between the equilibrium moisture content and water
activity (a,,) for food products at a particular temperature
and pressure (Kaymak-Ertekin and Gedik 2004). Some of
the gums have been commonly studied for sorption char-
acteristics by the previous researchers (Gabas et al., 2007;
Vishwakarma et al. 2011). The hygroscopic behaviour of
gums is an essential factor on moisture, textural proper-
ties and qualities (Brown 2007). The relationship between
equilibrium moisture content of any food commodities
and atmosphere is primarily important for determination
of the appropriate processing conditions due to phys-
ico-chemical properties, microbial activities and other
important characteristics which mainly depend on water
activity (Rizvi 1986). It is worth mentioning that the
water sorption characteristics are important in relation
to stability and acceptance of food products. Water sorp-
tion isotherms are key thermodynamic tools for forecast-
ing the interactions between food components and water.
Interpretation of sorption data with suitable sorption
model could be used as a tool for achieving these designs.
According to literature the food commodities normally
exhibit type-II and type-IIl water sorption isotherm as
per the BET classification (Brunauer et al. 1940). In addi-
tion to above, the classic application of modelling of
sorption isotherm data is to determine the optimum con-
dition of storage and packaging systems to the knowledge
of monolayer moisture content (Bell and Labuza 2000).

Efforts have been made in the past to study the sorp-
tion behaviour of xanthan gum by Basu et al. (2007), guar
gum by Vishwakarma et al. (2011) and pectin by Panchev
et al. (2010). However, the information on the water sorp-
tion characteristics of babool gum is not available in the
literature. Therefore, the present investigation was ini-
tiated with the main aim of establishing the moisture
sorption characteristics of babool gum in the range of
temperatures 30—-60 °C and relative humidity (10-95%).
To contrast the sorption data, five popular mathemati-
cal sorption isotherm models were used to establish
the most appropriate model describing the isotherm of
babool gum. Determination of monolayer moisture con-
tent and net isosteric heat of sorption was also accom-
plished in this study.

Methods

Collection of plant exudate

The exudate babool (Acacia nilotica) gum samples were
procured from the Network Project on Harvesting, Pro-
cessing and Value Addition of Natural Resin and Gums
operational at IGKV, Raipur (Chhattisgarh).
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Preparation of sample

Gum samples were dried using sun drying and cleaned
properly. The cleaned gum samples were pulverized and
converted into uniform fine grits. To achieve this, the
gum samples were grounded with the help of a labora-
tory crusher and passed through a sieve BSS-16 (width
of aperture =1 mm) and retained on BSS-22 (width of
aperture=0.71 mm). The weight of the grit samples
obtained from the sieve was measured by an electronic
balance (least count 0.001 g) and stored in air-tight box
until further use.

Experimental site

The work was carried out in the Department of Agri-
cultural Processing and Food Engineering, Swami
Vivekananda College of Agricultural Engineering and
Technology & Research Station, and Plant Physiology,
Agricultural Bio-Chemistry, Medicinal and Aromatic
Plant Department, Indira Gandhi Krishi Vishwavidya-
laya, Raipur (Chhattisgarh).

Determination procedure and equipment for sorption
analysis

Moisture sorption quality of babool gum sample was
determined by the application of standard static gravi-
metric technique. Water activity (a,) of saturated
salt solutions was adopted from the data provided by
Greenspan (1977) and Labuza (1984). Saturated salt
solutions made from laboratory grade salts were used in
the study to maintain different level of relative humidity
(11-95%) under four temperatures as shown in Table 1.
The desiccators loaded with the solution of saturated
salt were conditioned in equilibrium at experimen-
tal temperatures using BOD incubator up to four days
before inserting the test samples for authentic study.

The exactly measured quantity of gum samples
(about 2.54+0.5 g) was placed inside the different pre-
prepared desiccators for different levels of relative
humidity. Desiccators were placed carefully inside the
pre-set temperature-controlled chamber (BOD incuba-
tor). Samples of three set in the desiccators were kept
throughout the test, and their mean was used to reduce
the investigational fault. The reading of the samples
was documented within the period of 3-4 days until
it reached into equilibrium. The samples were permit-
ted to equilibrate until there is no perceptible weight
change (£0.001 g).

The equilibrium moisture contents of samples were
expressed as g of water/100 g solids and determined by
drying in a hot air oven at 10245 °C for 4-5 h (Koc et al.
2010). The plot between equilibrium moisture content
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Table1 Saturated salt solutions relative

humidity at different temperatures

and equilibrium

S.no. Saturated salt solution Equilibrium relative
humidity (%)
30°C 40°C 50°C 60°C
1 Lithium chloride (LiCl) 1128 1121 1140 1095
2 Potassium fluoride (KF) - 2268 2080 20.77
3 Potassium acetate (CH;CO,K) 2161 - 3140 -
4 Magnesium chloride (MgCl,) 3244 3270 - 29.26
5 Potassium carbonate (K,CO5) 4317 - - 37.70
6 Magnesium nitrate (Mg (NO3),) 5140 4842 4630 47.70
7 Cobalt chloride (COCl,) - 5548 5001 -
8 Sodium nitrite (NaNO,) 6300 - - -
9 Potassium iodide (KI) - 66.09 6449 63.11
10 Sodium nitrate (NaNO5) - - - 67.35
11 Sodium chloride (NaCl) 7500 7468 7470 -
12 Potassium chloride (KCl) 8362 8232 - 80.25
13 Potassium nitrate (KNO,) 9231 89.03 8500 -
14 Potassium sulphate (K,50,) - - 9580 95.82

(EMC) and water activity (a,,) at particular temperature
was indicated as the sorption isotherm graph.

Modelling of sorption isotherm

Numerous two and three parametric mathematical mod-
els for isotherm of food and food materials are available
in order to model the experimental data obtained from
the sorption experiment. The five different sorption iso-
therm mathematical models were analysed for sorption
data (Table 2).

Statistical investigation

The present experiment was conducted in triplicate to
minimize the experimental error, and average data were
utilised for statistical analysis. The accuracy or goodness of
fit for each of the sorption model was obtained by applying
various statistical coefficients like adjusted R?, percentage
relative deviation modulus (P), root-mean-square percent-
age error (%RMSE) and standard errors (SE). The most
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excellent model was chosen on the basis of highest adjusted
R? and least errors (%RMSE and P). The equations used to
compute the accuracy of fit as recommended by Sahu et al.
(2021) are as follows

W=Dy (WY -v)°
(N —M) Y (WY — Y7)?

RS

Adjusted R?> = 1

N 2
1 Yy-Y
1

where Y is experimental moisture content, %; Y’ is pre-
dicted moisture content, %; Y” is mean of EMC, %; W is
weightage applied to each data point (W=1); N is num-
ber of inspections; M is number of coefficients.

Isosteric heat determination

The net isosteric heat of sorption is the major of thermo-
dynamic indicators used to measure the requisite energy
of the forces between the molecules of water vapour and
material. The determination of net isosteric heat of sorp-
tion was done by using the general form of Clausius—Cla-
peyron equation (Eq. 5) suggested by Labuza (1984). The
plot between natural log of water activity (In 4,,) and oppo-
site of absolute temperature (1/7) exhibits a linear line
called isoster. For any specified moisture content, the incli-
nation of the line gives the value of (%) and net isosteric
heat is calculated.

Ay gst [ 1 1
In (w22t > _ =
! (ﬂwl> R (Tl Tz) ©)

Table 2 Isotherm models used to describe the sorption behaviour of babool gum

Isotherm model

Mathematical expression

References

GAB (Guggenheim-Anderson-de Boer) M
Hasley

Iglesias and Chirife

Caurie
BET (Brunauer—-Emmett-Teller)

= (—Kay) (1—Ka,+CKaw)
aw = exp (A—Tg)
M:a+b(wiﬁm,>

M = exp (a + bay)

— 00w
M= [(1—aw)+(C=1) (1 —aw)aw]

MoCKay Quirijns et al. (2005)
Hasley (1948)

Iglesias and Chirife (1982)

Caurie (1970)
M Brunauer et al. (1938)

M-EMC, % db, a,, water activity, a and b constants, M, monolayer moisture, % db, C Guggenheim constant, and k constant related to total heat of sorption of

multilayer
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where g, is net isosteric heat of sorption, kJ mol™% R is
universal gas constant (8.314 ] K~! mol™?); a,,, is water
activity at temperature T); a,, is water activity at tem-
perature T5,.
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Results

Figure 1 shows the effect of change in relative humidity
in the storage atmosphere on the colour of babool gum
samples when kept at a temperature of 50 °C. Five mod-
els of isotherm were considered in this study to fit the
sorption data as presented in Table 2. Moisture sorption
behaviour of babool gum under different experimen-
tal temperatures is presented in Fig. 2a. The sorption

.

Fig. 1 Babool gum samples maintained at 50 °C and different relative humidity (samples accomplished the equilibrium, i.e. after 3 weeks)
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Table 3 Sorption models constant and accuracy values for experimental temperatures for babool gum
Model Temperature RMSE (%) P (%) Adj R? SE M, C K a b
(°Q)
GAB 30 6.42 0.239 0.983 0.997 8.467 0.007 0.806
40 7.73 0.019 0.965 1.307 7972 0014 0.810
50 3.252 0.041 0.995 0.462 7.703 0.018 0.779
60 8541 0.038 0.971 1.203 7490 0.028 0.815
Iglesias and Chirife 30 9.13 0.961 0.984 1.047 5477 11.033
40 9.68 0.838 0.974 1.223 3.609 11.406
50 16.619 4.209 0.97 1.315 4.673 8239
60 29.048 9.174 0916 2213 4075 8.26
Caurie 30 25.352 3444 0.503 0.059 — 1405 53212
40 24.788 10.71 0175 0.051 —148 473.19
50 25.75 11.31 0.179 0.05 —1.532 44524
60 28172 12.55 0.197 0.051 —1.566 401.9
Halsey 30 10.026 0.525 0.954 0.017 3.531 1.963
40 11.166 0.696 0.966 0.013 5.557 1.627
50 18.873 1.729 0.773 0.036 1.811 2.026
60 27.761 3.587 0.549 0.051 2492 1.806
BET 30 12.649 7.285 0.854 0.011 7.32 27.32
40 7.338 0.075 0.932 0.007 717 9.31
50 33.665 31.78 0.865 0.034 59 1341
60 28.652 2243 0.182 0.025 418 6.13

M, monolayer moisture content; C Guggenheim constant; K, a and b constants

isotherm model parameters and statistical goodness of
fit constants were found out in this experiment which is
presented in Table 3. The value of monolayer moisture
content of babool gum is determined and reported in
Table 3. The isoster graph of babool gum samples at dif-
ferent moisture content obtained in this study is shown
in Fig. 3a. The changes in net isosteric heat of sorption
of babool gum with moisture content are presented in
Fig. 3b.

Discussion

Moisture sorption behaviour of babool gum

It can be depicted in Fig. 1 that the most of the babool
gum samples endure in fair condition as fresh sample
during the analysis up to 70% RH, but the sample which
was subjected to higher humidity (>75%) noticed the loss
of their original physical state and colour turned into yel-
lowish. Additionally, no incidence of mould growth was
observed on gum samples throughout the process of
experiment.

At lower temperature and higher relative humidity
values, the variation in EMC was comparatively higher
than at higher temperatures for the equal relative humid-
ity (Fig. 2a). Further, the sorption isotherms of the gum
reveal that on increasing the water activity at a particular
temperature the EMC increases. The reason might have

been due to hydrophilic nature of carbohydrates present
in the babool gum. Also, with the enhancement in tem-
perature at a given water activity, the EMC decreased
which is obvious and similar to other numerous foods.
The reason for this could be that when there is rise in
temperature, water molecules get stimulated because of
their energy level and become unsteady and rupture away
from water-binding positions of hygroscopic materi-
als compels reduction in the number of active spots for
water binding at higher temperature (Phillips and Wil-
liams 2000). The figure indicated that the isotherms of
babool gum exhibit sigmoid shape. This type of isotherms
is common for almost all food materials. Similar results
have also been obtained by Ahmad and Islam (2018) for
commercial flours (wheat, rice and corn) and Vishwa-
karma et al. (2011) for guar grain and guar gum splits.
This study revealed that the moisture sorption behaviour
is important for safe and long storage of the products as
well as selection of packaging materials for storing the
products under different environmental conditions.

Modelling of sorption isotherm

The sorption isotherm model parameters and goodness
of fit factors like %RMSE, adjusted coefficient of determi-
nation (R?), standard error (SE) and mean absolute per-
centage error (P) have been used to evaluate the adequacy
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Fig. 3 a Sorption isosters of babool gum at various moisture

contents. b Variation in net isosteric heat with moisture content in
babool gum

of model in describing the relationship between water
activity (a,) and equilibrium moisture content (Sahu
and Patel 2020). It can be observed from Table 3 that the
GAB model has been found to have best representation
of the sorption data because the values of the average
grade statistical errors were found to be better in rela-
tion to other four models. The range of %RMSE and %P
values of babool gum were found from 3.25 to 8.54% and
0.02 to 0.24%, respectively, for GAB model. High value of
adjusted R* (0.96-0.99) also reveals its high adequacy of
fitting the model. Hence, the GAB model gave the best
fit for the adsorption isotherm of the test gum. The worst
equation obtained for the test gums in BET model which
was expected as it is thermodynamically suitable up to
0.50 a,,. Similar types of finding have also been obtained
by Sahu and Patel (2020) for maize-millet-based soy-for-
tified extruded product and Ahmad and Islam (2018) for
commercial flours (wheat, rice and corn).
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Monolayer moisture content (M,)

The monolayer moisture content (M,) is an indicator
for the quantity of water firmly absorbed to definite
sites at the exterior of foods, and this is a value that
must be attained in order to satisfy food constancy. A
graph of M, versus absolute temperature is shown in
Fig. 2b. It can be seen from Fig. 2b that the monolayer
moisture content decreased with the increase in tem-
perature which is obvious to many other food products.
Similar result had demonstrated by Sahu et al. (2021)
for extruded product. This may due to the fact that the
increased temperature causes the drop in the extent of
hydrogen bonding in the polymers, thus decreasing the
accessibility of energetic portions for water binding and
thereby, reduced the monolayer moisture content as
narrated by Quirijns et al. (2005).

The BET and GAB models admit the prediction of
monolayer moisture content (M,) of grain and food
commodities. The remaining equations do not enter-
tain the monolayer moisture content () and unable
to evaluate. The monolayer moisture content of the
babool gum samples was obtained to be 8.46 g/100 g
and 7.32 g/100 g, respectively, from GAB and BET
models at 30 °C, and their equivalent values for 60 °C
are 7.49 g/100 g and 4.18 g/100 g, respectively (Table 3).
The monolayer moisture content calculated through
the BET model is to some extent lower than the value
obtained from the GAB experiment. Similar types
of finding have also been resulted in the gellan gum
(Abramovic and Klofutar 2005) and gulabjamun mix
(Pushpadas et al. 2014).

The relationship between monolayer moisture con-
tent (M,) and absolute temperature (K) has also been
obtained by using regression analysis. The linear equa-
tion (Eq. 6) for babool gum has been established to relate
the relationship.

Y =-003x+1808 (R*=09) ©)

where Y is monolayer moisture, and % db and x are abso-
lute temperature (K).

The high value of coefficient of determination
(R*=0.96) indicated that the developed linear relation-
ship between monolayer moisture content and absolute
temperature is adequately fitted the experimental data.

Isosteric heat of sorption

In order to establish the isosteric heat of sorption, a plot
of natural logarithm of water activity (a,,) as a function
of the inverse of absolute temperature (1/7) for selected
moisture contents was developed (Fig. 3a). From the
graph it can be depicted that as the moisture content
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increases, the slopes of isosters decreased. The slope of
the isosters was employed to determine the net isosteric
heat of sorption.

Figure 3b indicates that the changes in net isosteric
heat of sorption, the moisture content also varied. It can
be clearly revealed that net isosteric heat of sorption (g,)
has a negative dependency on moisture content. This
reduction can mostly be described by the reality that
when moisture content is less, the sorption takes place
at the most energetic locations and offers the greatest
interfacial energy. However, with the increase in mois-
ture content the decreased number of dynamic portions
accessible for water vapour sorption is quite possible.
As the isosteric heat of sorption inclined and approach-
ing to zero, the impact of the adsorbent on the absorbed
molecules turned insignificant. Maximum and mini-
mum values of net isosteric heat were 28.77 k] mol~! and
2.58 kJ mol ™}, respectively, for corresponding moisture
content 5% (db) and 30% (db) for babool gum. It can be
additionally added that the net isosteric heat of sorption
initially decreased very fast up to 15% moisture content
(db) for babool gum, beyond which that the decline in
isosteric heat was not appreciable. Similar type of find-
ing has also found in gulabjamun mix (Pushpadass
et al. 2014). Ahmad and Islam (2018) also reported the
same results of net isosteric heat of sorption for commer-
cial flours (wheat, rice and corn) of Bangladesh.

Conclusions

The sorption behaviours of babool gum at four experi-
mental temperatures (30, 40, 50 and 60 °C) were found
to be the curves of sigmoid shaped. At lower tempera-
ture and higher relative humidity levels, the variation in
EMC was comparatively higher than at higher tempera-
tures for the equal relative humidity. This means that
moisture sorption isotherm of babool gum was tempera-
ture dependent. Based on the values of numerous error
functions, GAB equation was found to be the most suit-
able model to describe the observed data as compared to
other models applied in the experiments. The monolayer
moisture content M, concluded from GAB model, was
found to be 8.47 g/100 g and 7.49 g/100 g at 30 °C and
60 °C, respectively. Maximum and minimum values of
net isosteric heat were 28.77 k] mol™' and 2.58 k] mol~},
respectively, for corresponding moisture content 5% (db)
and 30% (db) for babool gum.

Abbreviations

EMC: Equilibrium moisture content; GAB: Guggenheim-Anderson-de Boer;
BET: Brunauer-Emmett-Teller; BSS: British Standard Sieve; BOD: Biological
oxygen demand; RH: Relative humidity.

Page 8 of 9

Acknowledgements

The authors are grateful to the Department of Agricultural Processing and
Food Engineering, Faculty of Agricultural Engineering; and Agri. Bio-Chemistry
Medicinal Aromatic Plants, Indira Gandhi Krishi Vishwavidyalaya, Raipur
(Chhattisgarh), for valuable guidance, constant inspiration and moral support
throughout the research work.

Author contributions

SSS performed experiment work, material preparation, data collection and
analysis of data. The first draft of the manuscript was written by SSS and CS
and also interpreted the data. SP did the conception and design of the work.
All authors commented on previous versions of the manuscript. PSP sup-
ported for the analysis of data and writing of paper. PS supported in experi-
ment, data analysis and writing the manuscript. SP, CS and DK helped in the
correction of different sections of the paper. All authors read and approved
the final manuscript.

Funding
Not applicable.

Availability of data and materials
The authors declare that the data supporting the findings of this research are
available within the article.

Declarations

Ethics approval and consent to participate
Not applicable.

Consent for publication
Not applicable.

Competing interests
There is no financial/personal interest or belief that could affect the objective,
or if there is stating the source and nature of that potential conflict.

Author details

'Department of Agricultural Processing and Food Engineering, Faculty

of Agricultural Engineering, IGKV, 492 012, Raipur, India. 2Department of Dairy
Engineering, College of Dairy Science and Food Technology, CGKV, 492 012,
Raipur, India.

Received: 19 January 2022 Accepted: 17 August 2022
Published online: 03 September 2022

References

Abramovic H, Klofutar C (2005) Water adsorption isothers of some gellan gum
samples. J Food Eng 77:514-520. https://doi.org/10.1016/j.jfoodeng.2005.
06.064

Ahmad MW, Islam MN (2018) Moisture sorption characteristics of selected
commercial flours (wheat, rice and corn) of Bangladesh. Am J Food Sci
Technol 6(6):274-279. https://doi.org/10.12691/ajfst-6-6-7

Basu S, Shivhare US, Majumdar AS (2007) Moisture sorption isotherms and
glass transition temperature of xanthan gum. Dry Technol 25:1581-1586.
https://doi.org/10.1080/07373930701539795

Bell LN, Labuza TP (2000) Moisture sorption: practical aspects of isotherm
measurement and use, 2nd edn. American Association of Cereal Chemist,
St. Paul Eagan

Brown A (2007) Understanding food: principles and preparation. Wadsworth
Pub., Merseyside

Brunauer S, Emmett PH, Teller E (1938) Adsorption of gases in multimolecular
layers. J Am Chem Soc 60(2):309-319. https://doi.org/10.1021/ja012
69a023

Brunauer S, Deming LS, Deming WE, Teller E (1940) On a theory of the Van der
Waals adsorption of gases. J Am Chem Soc 62(7):1723-1732. https://doi.
org/10.1021/ja01864a025


https://doi.org/10.1016/j.jfoodeng.2005.06.064
https://doi.org/10.1016/j.jfoodeng.2005.06.064
https://doi.org/10.12691/ajfst-6-6-7
https://doi.org/10.1080/07373930701539795
https://doi.org/10.1021/ja01269a023
https://doi.org/10.1021/ja01269a023
https://doi.org/10.1021/ja01864a025
https://doi.org/10.1021/ja01864a025

Saraugi et al. Bulletin of the National Research Centre (2022) 46:238

Caurie M (1970) A new model equation for predicting safe storage moisture
levels for optimum stability of dehydrated foods. Int J Food Sci Technol
5(3):301-307. https://doi.org/10.1111/j.1365-2621.1970.tb01571.x

Gabas AL, Telis VRN, Sobral PJA, Romero JT (2007) Effect of maltodextrin and
Arabic gum in water vapour sorption thermodynamic properties of
vacuum dried pineapple pulp powder. J Food Eng 82:246-252. https://
doi.org/10.1016/j jfoodeng.2007.02.029

Greenspan L (1977) Humidity fixed points of binary saturated aqueous solu-
tion. J Res Natl Bur Stand A Phys Chem 81A(1):89-96

Halsey G (1948) Physical adsorption on non-uniform surfaces. J Chem Physics
16(10):931-937. https://doi.org/10.1063/1.1746689

Iglesias HA, Chirife J (1982) Hand book of food isotherms: water sorption
parameters for foods and food components, 1st edn. Academic Press,
New York

Kaymak-Ertekin F, Gedik A (2004) Sorption isotherms and isosteric heat of
sorption for grapes, apricots, apples and potatoes. LWT-Food Sci Technol
37(4):429-438. https://doi.org/10.1016/j.lwt.2003.10.012

Koc B, Yilmazer MS, Balkir P, Ertekin FK (2010) Moisture sorption isotherms and
storage stability of spray-dried yogurt powder. Dry Technol 28(6):816—
822. https://doi.org/10.1080/07373937.2010.485083

Labuza TP (1984) Moisture sorption: practical aspects of isotherm measure-
ment and use. American Association of Cereal Chemists, St. Paul

Muniappan R, Reddy GVP, Raman A (2009) Biological control of tropical weeds
using arthropods. Cambridge University Press, Cambridge

National Academy of Sciences (1980) Proc Natl Acad Sci 77(12): 7513-7538

Palipane KB, Driscoll RH (1993) Moisture sorption characteristics of in-shell
macadamia nuts. J Food Eng 18(1):63-76. https://doi.org/10.1016/0260-
8774(93)90075-U

Panchev IN, Slavov A, Nikolova KR, Kovacheva D (2010) On the water sorption
properties of pectin. Food Hydrocoll 24(8):763-769. https://doi.org/10.
1016/j.foodhyd.2010.04.002

Phillips GO, Williams PA (2000) Handbook of hydrocolloids. CRC Press, Boca
Raton, pp 53-64

Pushpadass HA, Emerald FME, Chaturvedi B, Rao KJ (2014) Moisture sorption
behaviour and thermodynamic properties of gulabjamun mix. J Food
Process Preserv 38(6):2192-2200. https://doi.org/10.1111/jfpp.12199

Quirijns EJ, Van Boxtel AJ, Van Loon WK, Van Straten G (2005) Sorption iso-
therms, GAB parameters and isosteric heat of sorption. J Sci Food Agric
85(11):1805-1814. https://doi.org/10.1002/jsfa.2140

Rizvi SSH (1986) Thermodynamics of foods in dehydration. In: Rao M, Rizvi
SSH (eds) Engineering properties of food. Marcel Dekker, New York, pp
223-309

Sahu C, Patel S (2020) Moisture sorption characteristics and quality changes
during storage in defatted soy incorporated maize-millet based extruded
product. LWT-Food Sci Technol. https://doi.org/10.1016/j.lwt.2020.110153

Sahu C, Patel S, Khokhar D (2021) Sorption behaviour and isosteric heat of
maize-millet based protein enriched extruded product. Heliyon Cell Press
7(4):e06742. https://doi.org/10.1016/j.heliyon.2021.e06742

Sao KP (2012) Physico-chemical properties of some Indian plant gums of com-
mercial importance. ICAR-Indian Institute of Natural Resins and Gums,
Ranchi, pp 1-64

Vishwakarma RK, Shivhare US, Nanda SK (2011) Moisture adsorption isotherms
of guar (Cyamposis tetragonoloba) grain and guar gum splits. LWT-Food
SciTechnol 44(4):969-975. https://doi.org/10.1016/j.lwt.2010.09.002

Publisher’s Note

Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

Page 9 of 9

Submit your manuscript to a SpringerOpen®
journal and benefit from:

» Convenient online submission

» Rigorous peer review

» Open access: articles freely available online
» High visibility within the field

» Retaining the copyright to your article

Submit your next manuscript at » springeropen.com



https://doi.org/10.1111/j.1365-2621.1970.tb01571.x
https://doi.org/10.1016/j.jfoodeng.2007.02.029
https://doi.org/10.1016/j.jfoodeng.2007.02.029
https://doi.org/10.1063/1.1746689
https://doi.org/10.1016/j.lwt.2003.10.012
https://doi.org/10.1080/07373937.2010.485083
https://doi.org/10.1016/0260-8774(93)90075-U
https://doi.org/10.1016/0260-8774(93)90075-U
https://doi.org/10.1016/j.foodhyd.2010.04.002
https://doi.org/10.1016/j.foodhyd.2010.04.002
https://doi.org/10.1111/jfpp.12199
https://doi.org/10.1002/jsfa.2140
https://doi.org/10.1016/j.lwt.2020.110153
https://doi.org/10.1016/j.heliyon.2021.e06742
https://doi.org/10.1016/j.lwt.2010.09.002

	Moisture sorption characteristics and modelling of babool (Acacia nilotica) gum
	Abstract 
	Background: 
	Results: 
	Conclusion: 

	Background
	Methods
	Collection of plant exudate
	Preparation of sample
	Experimental site
	Determination procedure and equipment for sorption analysis
	Modelling of sorption isotherm
	Statistical investigation
	Isosteric heat determination

	Results
	Discussion
	Moisture sorption behaviour of babool gum
	Modelling of sorption isotherm
	Monolayer moisture content (Mo)
	Isosteric heat of sorption

	Conclusions
	Acknowledgements
	References


