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Table 1- Independent variable values of the process
and their corresponding levels

Indep_endent Symbol 1 0 1
variable
NaOH (mol) X1 0.03 0.045 0.06
Temperature(°C) X2 30 52.5 75
MCA(mol) X3 0.01 0.02 0.03
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Table 2 -Analysis of variance (ANOVA) and significance

of regression coefficient on solubility percentage

F- P-
Sumof d Mean
Source val valu
squares f square

ue e
00 ..
Model 275431 6 45905 o qopx Significa
79 % nt
NaOH(X 64 002
D 15780 1 15780 o oo
Tempret 38. 0.00
refxpy 93075 193075 S ol
MCA(X 83 001
3 20301 1 20301
35 0.00
XIX1 87734 1 8773 o
X2X2 15082 1 150.82 6%1 Oé?;?
12, 0.00
X3X3 30439 1 30430 o
. 1
Residual 244.28 0 24.43
not
La;:‘t‘)f 169.03 6 2817 1(')5 25365 significa
nt

** 1 Significant at the 99% statistical level, *: Significant at

the 95% statistical level, n.s: Non-significant
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Table 3- optimum condition obtained by
response surface modeling

Nu NaO Temper MC  Solub  Desir
mb  H(mo ature(® A(m ility(  abilit

er ) C) o) %) y
1 0.048 75 0.01 8549 0.97 Sel
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Table 4-Chemical compositions of crude and carboxymethylated gum

Frankincense gums Moisture(%o) Ash(%) Protein(%b) Polysaccharide pH
Native 5.03+0.13% 2.05+0.05% 1.01+0.01% 91.91 £0.19 4.48+0.03
carboxymethylated 8.1+0.09° 10.98 £0.43° 0.840.01° 80.08+0.53 9.61+0.1°
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Note : all values (%) on a dried weight basis are mean tstandard deviation of three determinations.

*Identical letters indicate no significant statistical difference at the 5% level

*Polysaccharide values were calculated by difference.
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Table 5- Variance analysis of rheology of native

and modified gum

Source DF Adj SS Adj F- P-
MS Value Value

TRET 1 4911 49111 9.94 0.003
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Error 42 20.757 0.4942

Total 43 25.668
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ABSTRACT

ARTICLE INFO

Frankincense is a resinous gum obtained from some species of
the Boswellia genus. Frankincense for food and medicinal uses dates back
more than five thousand years ago, but despite its importance and
application, only 27-35% of it is soluble in water. As most frankincense
gum is insoluble, this research used the response surface method to study
the effect of different chemical modification conditions (NaOH
concentrations (X1), reaction temperatures (X2), and MCA concentrations
(X3)) on increasing the solubility percentage. The results of the
optimization process of the chemical modification of frankincense gum
indicate that the conditions of maximum solubility are equal to 85.49, with
a desirability rate of 0.97. Therefore, the concentration of NaOH and MCA
equal to 0.048, 0.01 mol, and a temperature of 75 degrees Celsius chose as
the best optimization conditions. In addition, the intrinsic viscosity and
molecular weight of the native gum were higher than the modified gum
under optimal conditions. There is a significant difference between the
apparent viscosity of natural gum (18.02 + 0.726 mPa.s) and modified
(17.36 £ 0.681 mPa.s) (p>0.05). The results indicate that native and
modified gum in optimal conditions shows a shear thinning behavior with
increasing shear rate, and their behavior is similar to pseudoplastic. The
colorimetric test with image J software indicated that carboxymethylation
of frankincense gum led to significant changes (P < 0.05) in the total color
difference factor (AE) and whiteness index (WI), L*, a*, and b*factor.
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