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ABSTRACT

The present study was undertaken to introduce hydrophobicity in guar gum hydrolysate (GGH) with
a view to develop a suitable alternative to gum Arabic (GA) as wall material for microencapsulation.
This was done by esterification with n-octenyl succinic anhydride (OSA) and oleic acid. The study was
carried out by optimizing three parameters in the esterification process, viz. concentration of the acid,
temperature, and time of reaction by response surface methodology (RSM). The reaction was monitored in
terms of degree of substitution (DS), and optimized for maximal DS. The maximum DS of GGH oleate, GGH-
OSA, and GA-OSA was found to be 0.061, 0.072, and 0.070, respectively. These derivatives were evaluated
for their ability to be used as wall materials in microencapsulation with respect to emulsion stability,
viscosity and particle size. Our results indicate the wall materials to follow the order GA-OSA > GGH-

Oleic acid OSA >GA > GGH-oleate.
n-Octenyl succinic acid
Wall material

© 2011 Elsevier Ltd. All rights reserved.

1. Introduction

Microencapsulation is a technique by which sensitive ingredi-
ents are entrapped in wall materials that protects them against
adverse chemical and environmental reactions, loss of volatiles, and
also controls their release. It has also become an attractive approach
for transforming sensitive liquid food ingredients into stable free
flowing powders that are easy to handle and incorporate in dry
food mixes (McNamee, O’Riordan, & O’Sullivan, 1998). Among the
various techniques that can be employed to microencapsulate food
ingredients, spray drying is the most often and industrially used.
One of the key aspects in microencapsulation is the selection of an
appropriate wall material. Gum Arabic (GA)is the industry standard
for encapsulation, and is most frequently used. However, its high
cost, inconsistent supply and varying quality has prompted inves-
tigations on alternative carrier materials (Kshirsagar & Singhal,
2007). Besides gum Arabic, maltodextrins and emulsifying starches
are the other commonly used carrier materials (Reineccius, 1988,
1989).

Guar gum is obtained from the endosperm of the seeds from
guar pods (Cyamoposis tetragonolobus). Almost 80% of the guar
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gum is produced in India and it is also exported to other coun-
tries (http://www.guargum.biz/). Guar gum, a galactomanan, has a
very high viscosity which limits its application as a wall material
for encapsulation. Besides, it also does not possess any emulsifying
activity that is crucial in microencapsulation of some constituents.
Depolymerisation of guar gum to obtain a natural, water-soluble
dietary fiber by partial hydrolysis of guar gum has been widely
studied by several researchers. Approaches such as acid hydrolysis
(Cheng, Brown, & Prud’homme, 2002), using specific enzymes such
as mannosidase and/or galactosidase (Mahammad, Prud’homme,
Roberts, & Khan, 2006), hydrothermal degradation (Miyazawa &
Funazukuri, 2006), microwave mediated free radical degradation
(Reddy & Tammishetti, 2004) and irradiation (Jumel, Harding, &
Mitchell, 1996) have been used to depolymerise guar galactoman-
nan. The partially hydrolyzed guar gum or guar gum hydrolyzate
(GGH) has a lower molecular weight and a markedly lower viscos-
ity than the native guar gum (Slavin & Greenberg, 2003). Since GGH
has no hydrophobicity, it does not have emulsifying property which
is very important for microencapsulation of lipid-based materials.

Numerous reports on esterification of various starches with
n-octenyl succinic anhydride (OSA) such as from potato starch
(Hui, Qi-he, Ming-liang, Qiong, & Guo-qing, 2009), lima bean starch
(Segura-Campos, Chel-Guerrero, & Betancur-Ancona, 2008), waxy
maize and amaranth starches (Bhosale & Singhal, 2006), insol-
uble granular waxy maize starch, granular microporous starch,
and soluble maltodextrin (Bai & Shi, 2011) are available in sci-
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entific literature. Similarly, esterification of potato starch (Fang,
Fowler, Tomkinson, & Hill, 2002) and native and hydrolyzed corn
starch (Kshirsagar & Singhal, 2007) with oleic acid is also reported.
Low cost acetate, succinate and octenyl succinate derivatives of
galactomannans were developed (Savitha Prashanth et al., 2006).
Shogren, Viswanathan, Felker, and Gross (2000) reported OSA-
starch from waxy maize to have an ampiphilic nature which
helped them to stabilize oil/water emulsions by combining the
hydrophobicity of the octenyl group with the hydrophilic carboxyl
or sodium carboxylate groups broadening their potential uses in
the food industry. Wurzburg (1995) reported on potential food
applications of succinylated starches as emulsifiers and emulsion-
stabilizing agents in products such as beverages, salad dressings,
soups, creams and hams, as well as flavour encapsulating agents
and clouding agents.

We hypothesized that esterification of GGH with OSA and/or
oleic acid would not only introduce hydrophobicity in the back-
bone but may also be suitable as wall materials for encapsulation.
GA and GA ester of n-octenyl succinic anhydride (GA-OSA) (also
optimized for maximal DS) were used for comparison. The samples
were optimized for maximal DS by response surface methodology
and evaluated for emulsion stability, particle size and viscosity.

2. Materials and methods
2.1. Materials

GGH was a commercial sample manufactured and gifted by
Lucid Colloids Ltd., Mumbai, India. Gum Arabic was obtained from
S.D. Fine Chem, Mumbai, India. Octenyl succinic anhydride (OSA)
99.9% was obtained as a gift from Dixie Chemical, USA. Mint oil was
gift sample from A.M. Todd, Mumbai. All other reagents used in this
work were of analytical grade and procured from reliable sources.

2.2. Methods

2.2.1. Preparation of oleate esters of guar gum hydrolyzate
(GGH-oleate)

GGH or GA (25 g) was mixed with 1 g sodium bicarbonate. Oleic
acid (0.7, 1.2, 1.7 g) was dissolved in 40 ml of 95% ethanol and
mixed with the gum. The above mixture was heated in a water
bath at different temperatures (60, 75, 90°C) for various times
(60, 120, 180 min). Reaction parameters like concentration of oleic
acid, reaction temperature and duration of reaction were moni-
tored with respect to their DS. Absolute alcohol (100 ml) was added
to 15 g of the reaction mixture with constant starring for 10 min for
removing untreated oleic acid and pH was adjusted to 7 by adding
1% (w/w) NaOH. The supernatant ethanol was discarded, and the
residue rewashed twice with 100 ml ethanol and dried at 60 +2°C
for 2 h. These reaction conditions were selected on the basis of prior
initial trials (data not reported). Esterification of GA with oleic acid
was not successful, and hence only GGH-oleate was selected for
further work.

2.2.2. Determination of DS of GGH-oleate

Esterified gum (5g) was dispersed in 50 ml water containing
25ml of 0.5M NaOH followed by shaking on magnetic stirrer at
room temperature (302 °C) for 30 min. Excess NaOH was then
titrated with 1 N HCl using phenolphthalein as an indicator. A blank
was simultaneously titrated with unmodified gum.

The DS of esters was calculated according to the equation below
(Rutenberg & Solarek, 1984):

(blank — sample) x M x N x 100
weight of sample, g x 1000

Table 1
Experimental design of guar gum hydrolyzate oleate, guar gum hydrolyzate succi-
nate and gum Arabic succinate.

No. Coded values and actual values
Xconc Xtime Xtemp

1 -1(0.7) —1(60) 0(75)
2 1(1.7) —1(60) 0(75)
3 -1(0.7) 1(180) 0(75)
4 1(1.7) 1(180) 0(75)
5 -1(0.7) 0(120) —1(60)
6 1(1.7) 0(120) -1 (60)
7 -1(0.7) 0(120) 1(90)
8 1(1.7) 0(120) 1(90)
9 0(1.2) —1(60) -1(60)
10 0(1.2) 1(180) ~1(60)
11 0(1.2) —1(60) 1(90)
12 0(1.2) 1(180) 1(90)
13 0(1.2) 0(120) 0(120)
14 0(1.2) 0(120) 0(120)
15 0(1.2) 0(120) 0(120)
16 0(1.2) 0(120) 0(120)
17 0(1.2) 0(120) 0(120)

Actual values are given in parenthesis; Xconc, Xtime and Xeemp are concentrations of
oleic acid/n-octenyl succinic anhydride, reaction time and reaction temperature.

Hence, for gum ester:

162 x W

DS = 100 x M — (M — 1) x W}

where

W =% substitution oleic acid;

blank =volume of HCl required for blank titration;
sample = volume of HCI required for sample titration;
N =normality of HCI solution;

M =molecular weight of oleic acid (282);

162 =molecular weight of glucose unit.

2.2.3. Preparation of GGH-OSA and GA-OSA
GGH-OSA and GA-OSA were synthesised as per protocol
described in Section 2.2.1 with n-OSA as esterifying agent.

2.2.4. Determination of DS of GA-OSA and GGH-OSA

GA-OSA and GGH-OSA were evaluated for DS as reported in
Section 2.2.2 with molecular weight (M) of octenylsuccinyl group
(210).

2.3. Experimental design for response surface methodology

The levels of the significant parameters (concentration of oleic
acid/n-0SA, time, temperature) and the interaction between vari-
ables which influences the DS were analysed and optimized by
Box-Behnken methodology (Box & Behnken, 1960). In this study,
the experimental plan consisted of 17 trials and the independent
variables were studied at three different levels, low (1), medium
(0) and high (+1). The variables and their coded levels used for
the study are shown in Table 1. All the experiments were done
in triplicate and the average DS obtained was taken as the depen-
dent variable or response. Statistical analysis was performed with
the software package ‘DESIGN-EXPERT version 6.0.’ (Stat-Ease, Inc.,
Minneapolis, USA). A quadratic polynomial model was defined to
fit the response:

Y = :80 + ﬂ]xconc + ﬂZXtime + ﬁBXtemp + ﬁ]l(xconc )2 + 1322 (Xtime )2

+ ,333(Xtemp )2 + B12XconcXtime + ﬂ13XconcXtemp + ﬂ23Xtemetime

where Yis the response expressed as DS and f is a constant coeffi-
cient of the model. The regression coefficients (81, 82 and 83), (811,
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B2 and B33) and (B12, B13 and B,3) respectively represent linear,
quadratic, and interaction effects of the model, estimated by mul-
tiple regression analysis. Xconc (concentration of oleic acid/n-0OSA),
Xtime (reaction time), and Xtemp (reaction temperature) are coded
variables ranging from —1 to +1.

The goodness of fit of the models was evaluated by coefficient
of determination (R?) and analysis of variance (ANOVA). Quadratic
polynomial equations were obtained by keeping one of the inde-
pendent variables as a constant value and changing the level of
other variables.

2.4. Analysis of GA, GA-OSA, GGH-0SA and GGH-oleate as wall
materials for microencapsulation

2.4.1. Emulsion stability

Oil-in-water emulsions were prepared by mixing 20% w/v solu-
tion of individual esterified gum with 3g (15% based on the
esterified gum) of mint oil. Oil was dispersed in gum solution
by shear homogeniser (Indofrench Industries Engineers, Mumbai,
Model type-SPM-9) for 10 min at 3000 g until complete dispersion
of oil. Emulsion was stored at 4 °C for 24 h for complete diffusion of
esterified gum and stabilization of the oil-water interface. Emul-
sion stability index (ESI) was calculated as

oil separated in emulsion

ESI=1— — -
total oil in emulsion

The stability of the emulsions was further evaluated by measuring
its turbidity (Pearce & Kinsella, 1978). A 10 pL aliquot of the emul-
sion was diluted to 1 ml with water and the absorbance (A) was
measured at 650 nm using a U-2001 spectrophotometer (Hitachi)
in a 1 cm path length cell. Emulsions were prepared in triplicate to
check its reproducibility. Equation given below shows the relation
between turbidity (t) and absorbance (A) at 630 nm

2.303 xA
i

2.4.2. Viscosity

Viscosity of the emulsions was measured using Brookefield LV
spindle set (Stoughton, MA, USA) viscometer at room temperature
(27 £2°C) with a sample volume of 65 ml and using LV-2 spindle,
operated at 60 rpm.

2.4.3. Particle size of the emulsion

BioVis Image analyzer plus (Expert Vision Labs Pvt. Ltd., Mum-
bai, India) was used for determining particle size of dispersed oil
in emulsion at Oh and after 24 h. A smear of emulsion was pre-
pared and observed under compound microscope. A digital camera
associated with this instrument was used to take 10 snaps of the
emulsion. Particle size of dispersed oil in emulsion was determined
with the help of image analysing software. Emulsion was anal-
ysed in terms of particle size distribution, maximum, minimum
and mean aspect (spheroidal) and, minor and major axes (ellipti-
cal) of the particles. In this study, the mean aspect of the particle
was considered, since the particles were spheroid.

2.5. Statistical analysis

IBM® SPSS® statistic package was used for analysis of data of tur-
bidity, viscosity and particle size of emulsions. Analysis of variance
(ANOVA) by Fisher’s least significant difference was performed to
examine effect of esterification on emulsifying property of gums.

3. Result and discussion

3.1. Combined effect of concentration of oleic acid/n-0SA,
reaction time and reaction temperature on DS

A 17-run Box-Behnken design with three factors and three lev-
els, including five replicates at the centre point, was used for fitting
a second-order response surface. The five centre point runs were
added to provide as ameasure of process stability and inherent vari-
ability (Table 1). GGH reacted with oleic acid forming GGH oleate
via esterification reaction (Fig. 1). GGH or GA reacts with n-OSA
(which is strong electrophile) to desirable products formed (GGH-
OSA and GA-OSA), even in the presence of weak base (Figs. 2 and 3).
The actual DS obtained in experiments and predicted DS produced
by the model are given in Table 2. The mathematical equation
expressing relationship of DS with variables Xconc, Xtime and Xtemp
(concentration of oleic acid/n-OSA, reaction time and reaction tem-
perature, respectively) is given below in terms of coded factors.

For GGH oleate:
DS = —0.30 + 0.040 x Xconc + 1.59 x 107> x Xjme + 5.84 x 1073

x Xtemp — 0.018 x X21c —5.10 x 1078 x X2 —4.65 x 107>

time

x X3 —3.85 x 1074 x Xconc x Xiime + 8.98 x 1074 x Xconc

temp
X Xtemp
For GGH-0SA:
DS = —0.72 +5.56 x 107> x Xconc + 9.38 x 1073 x X(ime
+6.02 x 107> x Xtemp — 9.06 x 107 x X2 . —2.22 x 1072

x X2

time

For GA-OSA:

~1.73 x 1072 x X&p — 9.95 x 107> x Xconc X Xtime

DS = —0.78 + 0.18 x Xconc + 1.71 x 1073 x X(ime + 1.65 x 1072
x Xtemp — 4.90 x 1072 x X2 |- — 6.7 x 107® x X2

time

~1.1x10% x X2

temp

—4.7 x 107% x Xcone x Xtemp +4.49 x 107% x Xime x Xtemp

~-22x107* x Xconc X Xtime

In order to determine whether the quadratic model was sig-
nificant, it was necessary to run ANOVA analysis. The results of
the second order response surface model fitting in the form of
ANOVA are given in Table 3. The ANOVA of quadratic regression
model demonstrated the model to be significant, as is evident
from Fisher’s F-test value being 128.49, 39.10 and 191.92 for GGH
oleate, GGH-OSA and GA-OSA, respectively. The P-values were used
as a tool for checking the significance of each coefficient. It also
indicated the interaction strength of each parameter. The smaller
the P-values, the larger is the significance of corresponding coef-
ficient (Murthy, Swaminathan, Rakshit, & Kosugi, 2000). Here, the
P-value of the model was smaller than 0.0001, for GGH oleate, GGH-
OSA and GA-OSA which indicated that the model was suitable for
use in this experiment. The fitness of the model was further con-
firmed by a satisfactory value of determination coefficient (R?). In
these experiments, it was calculated to be 0.993 for GGH oleate,
0.980 for GGH-OSA and 0.995 for GA-OSA indicating that 99.3%
for GGH oleate, 98% for GGH-OSA and 99.5% for GA-OSA in the
response could be predicted by the model. The value of adjusted

determination coefficient Razdjusted (0.986 for GGH oleate, 0.955 for

GGH-OSA and 0.990 for GA-OSA) established high significances of
the model. At same time, relatively low value of the coefficient
of variation 3.84% for GGH oleate, 8.18% for GGH-OSA and 3.97%
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Fig. 1. Schematic representation of the esterification reaction between guar gum hydrolysate and oleic acid.
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Fig. 2. Schematic representation of the esterification reaction between guar gum hydrolysate and n-OSA.

for GA-OSA indicated accuracy and reliability of the experiments.
The significance of each term was determined by Student’s t-test
and P-values which is listed in Table 4. P-values were used to
check the significance of each coefficient, as well as the interaction
effects between each independent variable. Coefficients are signifi-
cant for corresponding higher and lower magnitude of t-values and
P-values.

For GGH oleate the coefficient estimates and the corresponding
P-values suggest that, among the test variables used in the study,
Xconc (oleic acid concentration), Xijme (reaction time), Xtemp (reac-
tion temperature), Xconc - Xtime (0leic acid concentration - reaction
time), Xconc - Xtemp (oleic acid concentration-reaction tempera-
ture), Xgn (oleic acid concentration)?, X2  _ (reaction time)?, X2,
(reaction temperature)? were significant model terms with P-
values of less than 0.05. However oleic acid concentration, square
of oleic acid concentration and reaction time, and interactive term
of oleic acid concentration and reaction time (P< 0.001) had largest
effect on DS.

0

For GGH-OSA, linear terms Xconc (n-OSA concentration), Xijme
(reaction time), Xtemp (reaction temperature), Xconc - Xtime (11-OSA
concentration - reaction time), X%, (n-OSA concentration)?, X2
(reaction time)?, themp (reaction temperature)? were significant
model terms with P-values of less than 0.05. Reaction time and
square of reaction time, and reaction temperature term with
(P<0.0001) had largest effect on DS.

Similarly for GA-OSA, the linear terms Xconc (1-OSA concen-
tration), Xiime (reaction time), Xiemp (reaction temperature), their
squares and interactive term were significant model terms with
P-values of less than 0.05. However model terms squares of Xconc
(n-OSA concentration), Xijme (reaction time), Xtemp (reaction tem-
perature) with P-values of less than 0.0001 had largest effect on
DS.

The 3D plots are the graphical representations of the regression
equation, and are presented in Figs. 4-6, from which the values
of DS for different variables can be predicted. These graphs are
plotted as a function of two of factors while keeping the third as

J NaHCO;,

GA—OH +

// \ (CH\2)4

CHj

GA—O——CH,—CH—C—ONa

CH,

Fig. 3. Schematic representation of the esterification reaction between gum Arabic and n-OSA.
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Table 2

Experimental design and responses for the DS of guar gum hydrolyzate oleate, guar gum hydrolyzate succinate, gum Arabic succinate and predicted values of DS.

No. Actual values Degree of Substitution (DS x 10-2)
Xconc Kiime Xiemp GGH oleate GGH-0SA GA-OSA
Actual Predicted Actual Predicted Actual Predicted
1 0.7 60 75 1.33 £ 0.07 1.44 1.57 £ 0.17 1.61 248 +£0.11 2.44
2 1.7 60 75 5.69 + 0.15 5.49 421+ 0.11 471 4.25 + 0.05 449
3 0.7 180 75 4.53 £ 0.23 4.72 5.99 +0.18 5.48 6.14 £ 0.02 5.88
4 1.7 180 75 4.27 £+ 0.06 4.15 4.65 + 0.04 4.60 5.22 + 0.07 5.24
5 0.7 120 60 432 4+ 0.12 4.22 3.21 £ 0.04 3.55 3.04 + 0.02 3.25
6 1.7 120 60 441 4+ 0.18 4.61 453 £ 0.11 4.41 4.71 + 0.00 4.66
7 0.7 120 90 3.73 £ 0.08 3.52 4.39 + 0.04 4.50 4.98 + 0.01 5.03
8 1.7 120 90 6.51 + 0.06 6.61 6.22 + 0.10 5.87 5.26 + 0.08 5.03
9 1.2 60 60 2.78 £ 0.11 2.76 2.45 £ 0.05 2.05 2.32 £ 0.02 213
10 1.2 180 60 3.41 £+ 0.08 3.31 3.12 £ 0.05 3.28 3.41 £ 0.01 3.42
11 1.2 60 90 2.91 + 0.08 3.00 2.77 £ 0.07 2.60 3.00 £ 0.00 239
12 1.2 180 90 435 4+ 0.10 437 4.75 + 0.07 5.14 5.13 + 1.00 530
13 1.2 120 75 6.23 £0.18 6.24 7.22 £ 0.09 7.23 8.10 £ 0.05 8.15
14 1.2 120 75 6.25 + 0.08 6.24 7.25 £ 0.06 7.23 8.10 + 0.03 8.15
15 1.2 120 75 6.22 + 0.01 6.24 7.22 +0.09 7.23 8.17 + 0.01 8.15
16 1.2 120 75 6.27 £ 1.18 6.24 7.23 £ 0.06 7.23 8.15 £ 0.02 8.15
17 1.2 120 75 6.27 £ 0.20 6.24 7.24 + 0.06 7.23 8.15 £ 0.03 8.15
All values are mean + SD of three determinations.
Table 3
ANOVA for quadratic model.
Source SSx 1074 DF F-value P>F
GGH oleate GGH-0SA GA-OSA GGH oleate  GGH-OSA GA-OSA GGH oleate GGH-OSA GA-OSA GGHoleate GGH-OSA GA-OSA
Model 37 57 76 9 9 9 128.49 39.10 191.92  <0.0001 <0.0001 <0.0001
Residual 1.14 1.14 031 7 7 7
Lack of fit 1.14 1.14 0.30 3 3 3
Pure error 6.8 x 108 6.8x 1078 3.28x 1077 4 4 4
Total 58.7 58.7 76.81 16 16 16

SS, sum of squares; DF, degree of freedom; R? =0.99, adj R? =0.98, CV = 3.84% for GGH oleate. R? =0.98, adj R? =0.95, CV = 8.18% for GGH-OSA. R? =0.99, adj R? =0.99, CV=3.97%

for GA-OSA.

constant at its mean level. Figs. 4A, 5A and 6A depict the effect of
oleic acid/n-OSA concentration and reaction time on DS maintain-
ing reaction temperature at its mean level. The maximum DS was
attained near the central of experimental domain, beyond which
even if the concentration of modifying agent and reaction time
were to be increased, the DS would decrease. Song, He, Ruan, and
Chen (2006) in their work on OSA-modified early Indica rice starch
explained that with the progress of esterification, the concentration
of modifying agent depleted due to esterification reactions yield-
ing low DS starch. Figs. 4B, 5B and 6B demonstrate the effect of
n-0SA/oleic acid concentration and reaction temperature on DS. It
was observed that after the central region of experimental parame-
ters, the DS decreased. These results are in line with previous study
on modification of native and hydrolyzed corn starch with oleic acid

(Kshirsagar & Singhal, 2007). Figs. 4C, 5C and 6C demonstrate the
effect of reaction temperature and reaction time on DS at a fixed
concentration of n-OSA/oleic acid. In this set of experiments, since
the concentration of reactants was held constant, the DS decreased
beyond the optimum time and temperature of reaction which could
be due to depletion of the modifying reagent.

As per the model, optimum values of selected variables were
obtained by solving regression equation and validated experimen-
tally. For GGH-oleate, 1.4 g oleic acid per 25 g starting material, a
reaction time of 120 min at 80 °C gave a maximum DS of 0.061. For
GGH-0SA, 1.6 g n-OSA per 25 g starting material, a reaction time of
160 min at 85 °C, a maximum DS of 0.072 was obtained. The corre-
sponding values for GA-OSA were an n-OSA concentration of 1.5g
per 25 g starting material, a reaction time of 123 min at 77 °C, which

Table 4
Model fitting results for DS.
Model Coefficient Pvalue
GGH oleate GGH-0SA GA-OSA GGH oleate GGH-OSA GA-OSA
Intercept 6.24x 102 7.23x 102 8.15x 102 <1.0x 104 <1.0x 104 <1.0x 104
Xeconce 8.70x 1073 5.56 x 1073 3.52x 1073 <1.0x10* 6.0x 103 2.1x1073
Xitime 4.82x1073 9.38x 1073 1.05x 1072 1.0x104 3.0x 104 <1.0x 104
Xtemp 3.22x1073 6.02x 1073 537 x 1073 14x103 4.0x1073 2.0x 104
XZne -4.57 x 1073 -9.06 x 1073 -1.22x1072 1.2x10°3 25%x1073 <1.0x 104
éme -1.83x10°2 —2.22x1072 —2.40 x 102 <1.0x 104 <1.0x 104 <1.0x 104
[Zemp -1.04x 102 -1.73x 102 —2.42 x 1072 <1.0x 104 <1.0x 104 <1.0x 104
Xconc - Xtime -1.15x 1072 -9.95x 1073 -6.72x 1073 <1.0x 104 1.7x1073 4.0x10*
Xecone - Xtemp 6.73x 1073 127 x 1073 -3.50x 103 1.0x104 548 x 10! 127 x1072
Xtime - Xtemp 2.04x 1073 3.27x 1073 4.03x 1073 5.74 x 1072 1.49 x 107! 6.4x 1073
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Fig.4. Response surface plot for guar gum hydrolysate oleate: (A) effect of oleic acid concentration and reaction time on DS, (B) effect of oleic acid concentration and reaction

temperature on DS, (C) effect of reaction time and reaction temperature on DS.

gave a maximum DS of 0.070. Model predicted values of DS for GGH
oleate, GGH-OSA and GA-OSA were 0.067,0.074 and 0.072, respec-
tively. The actual DS of the esters were quite close to predicted
model values which confirmed the validation of the models.

3.2. Analysis of GA, GA-OSA, GGH-0OSA and GGH-oleate as wall
materials for microencapsulation

3.2.1. Emulsion stability

Emulsions of GGH-oleate of DS 0.01 and 0.06, GGH-OSA of DS
0.02 and 0.07, and GA-OSA of DS 0.02 and 0.07 were prepared
as detailed in Section 2.4.1, and stored for 24 h prior to measure-
ment of emulsion stability index (ESI). All the emulsions showed an
ESI of 1 demonstrating good emulsion stability. This method could
not distinguish between the esters. Hence, turbidity measurements
were made as an indicator of emulsion stability. Turbidity has
been reported to be an indicator of emulsion stability by earlier
researchers (Erni et al., 2007; Savary, Hucher, Bernadi, Grisel, &
Malhiac, 2010). Our results showed GGH-oleate to show least tur-
bidity among the samples evaluated, suggesting a relatively lower
emulsifying property as compared to GGH-OSA and GA-OSA. The
modified gums showed better emulsifying property than native
gum, suggesting that the new functional group attached to the gum

during the modification reaction improved their ability to stabi-
lize oil-in-water emulsions. Segura-Campos et al. (2008) reported
improved emulsion stability in octenylsuccinic starch from Phase-
olus lunatus compared to native starch and attributed improved
emulsion stability to a combination of the hydrophobic octenyl
group and sodium carboxyl group. For GGH-oleate, DS played a
significant role in improving emulsion stability. This is seen from
higher turbidity of the emulsion prepared from GGH-oleate of DS
0.06 as compared to that of DS 0.01 (Table 5). A higher DS indi-
cates a better substitution of hydrophobic group in the gum which
in turn improves its emulsifying activity. However for GGH-OSA
and GA-OSA, an increase in DS did not improve their emulsifying
activity. Viswanathan (1999) explained in his study on octenyl-
succinate starch that overall hydrophobic characteristic of starch
did not improve with increasing DS as octenyl chain folded itself
toward central region of granule, resulting in decreased interaction
between oil phase and hydrophobic part of the chain.

3.2.2. Viscosity

Viscosity of emulsions prepared from gum esters with various
DS is tabulated in Table 5. Emulsion with GA showed lowest vis-
cosity (33 £+ 0.56 cP), while that with GA-OSA and GGH-OSA showed
viscosity of 37 +£0.13 cP and 62 + 0.12 cP, respectively.
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temperature on DS, (C) effect of reaction time and reaction temperature on DS.

3.2.3. Particle size analysis

Particle size of the emulsions was analysed and the results are
shown in Table 5. Particle size analysis is also an indicator of emul-
sion stability. As the particles have a tendency to agglomerate, the
size of the suspended oil particles increases after certain period
and subsequently the emulsion breaks. However, in this study we
found the particle size of the gum esters to increase only marginally
after 24 h suggesting them to be stable and suitable for spray dry-

Table 5

ing. Emulsion with small mean emulsion particle size is reported to
have better flavour retention and stability of entrapped flavour in
microencapsulated powder so, emulsion property is very crucial for
microencapsulation (Risch & Reineccius, 1988; Sheu & Rosenberg,
1995; Soottitantawat, Yoshii, Furuta, Ohkawara, & Linko, 2003).

The work reported in this paper could be extended to other
galactomannans that are abundantly available in different geo-
graphical regions, and merits attention.

Turbidity, viscosity and emulsion particle size of emulsion with different DS of guar gum hydrolyzate oleate, guar gum hydrolyzate succinate, gum Arabic succinate.

Sample Turbidity (I7) Viscosity (cP) Emulsion particle size (m)
Oh 24h
GA - 0.56+0.10% 33+0.56° 12.76 £0.29° 13.56 +0.347
GHH N ND ND ND ND
GA-OSA DS, 0.02 0.97 +0.02° 36+0.40° 13.44+0.312 14.06 +0.20°
DS, 0.07 0.91+0.03¢ 37 +£0.25¢ 13.5+0.18? 13.88 +£0.14°¢
GGH oleate DS, 0.01 0.20+0.114 45+0.434 14.68 +0.30P 15.32+0.28¢
DS, 0.06 0.47 +£0.10% 49 +0.85¢ 13.86+0.15¢ 14.80+0.18¢°
GGH-0SA DS, 0.02 0.81+0.06° 58 +0.70° 12.84+£0.49° 13.46 +£0.232
DS, 0.07 0.77 £0.03f 62 +0.208 13.04+£0.24° 13.36 +0.207

ND: not determined, since the emulsion was not formed. All values are mean + SD of three or more determinations. Means in same columns with same superscripts do not

differ significantly (P<0.05).
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4. Conclusion

Esterification of gum Arabic and guar gum hydrolysate with oleic
acid and n-octenyl succinic acid improved the emulsification with
a desirable range of particle size and viscosity that makes it suitable
as a wall material for encapsulation. In particular, n-octenyl succi-
nate ester of guar gum hydrolysate could open up avenues in value
addition of this important bioresource as a promising alternative to
gum Arabic for microencapsulation of sensitive food components
showed good emulsifying property which ensures their potential
future in microencapsulation. Further studies to understand the
effect of DS on microencapsulation of sensitive food ingredients
are in progress.
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