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Evaluation the Effect of Enzymatic Process on the Edible Aloe vera Gel Viscosity

Using Commercial Cellulase
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Abstract

Aloe vera is a plant of the Liliaceae family with a brilliant history in disease
treatment. In addition to the pharmaceutical, cosmetic, and health care industries,
this plant is used in food industry due to having various nutrients such as amino
acids and various vitamins or anti-bacterial compounds. The purpose of this study
was to investigate the effects of variables such as temperature, time, and cellulase
concentration to reduce the gel viscosity of edible Aloe vera. Lowering the gel
viscosity increases the gel condensation rate and spray dryer efficiency. So, In this
study, the effects of different variables, including temperature, enzymatic process
time and cellulase concentration was investigated on Aloe vera gel viscosity using a
commercial cellulase enzyme. According to the results, temperature, process time
and enzyme concentration are the affecting parameters on the gel viscosity. By
increasing the temperature, without incorporating the enzyme, a sharp decrease in
viscosity was observed so that in 55°C the viscosity decreased to 9.2 cP. By addi-
tion of constant amount of enzyme, the gel viscosity reached to 5.1 cP after 34
minutes, with 9.5 g E/100 g SG enzyme concentration, viscosity reached to the
minimum value 4.2 cP. The results were statistically significant at the 5%
probability level and indicate that the model was significant. Finally, the use of
enzymatic processing for the production of Aloe vera concentrate or powder is
appropriate because by reducing the gel viscosity, gel condensation rate will
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increase and it’s drying is economically efficient.
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Introduction

Aloe vera is a plant with high therapeutic properties of
which thousands of useful compounds are derived. Among
different species of Aloe in the world, Aloe barbadensis
has considerable properties. The gel obtained from this
plant has a high viscosity, which its level depends on
environmental conditions and the age of plant and typical-
ly it is varied from 31 to 52cp. The high gel viscosity
causes problems in related industries. About 99% of gel of
this plant has composed of water and the remaining 1%
contains compounds such as polysaccharides, anthraqui-
nones, chromones, vitamins, amino acids and proteins
[1-4]. Aloe vera gel is fresh and colorless and has placed in
the internal part of the plant while the latex is a yellow
liquid and is placed in the vessel elements adjacent to shell
of the plant. The latex is laxative, due to the presence
hydroxyl anthracene compounds like anthraquinones [5].
The Aloe vera gel is highly viscose and this causes many
problems in manipulating the gel. The use of enzyme pro-
cessing is a suitable way for the reduction of gel viscosity.

Cellulase enzyme which is produced from various sources
is a suitable enzyme and reduces the viscosity of the gel
[6-7]. Aloe vera gel contains various polysaccharides such
as Mannan, Galactan, Glucomannan, pectin compounds,
and Glucuronic acid which all have their own therapeutic
properties [8-14]. Among the polysaccharides present in
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Aloe vera gel, Acemannan is the most studied and
analyzed polysaccharide due to its therapeutic properties.
This polysaccharide is a long chain of acetyl mannose
[15-19]. Aloe vera gel is commercially presented as a
powder. The gel of this plant is used externally, for
example, wound healing, burn shooting, etc., and dermal
diseases and also applied for internal use such as treatment
of coughing, constipation, peptic ulcer, diabetes, headache
and immunodeficiency [20-21]. The use of cellulase
enzyme has been studied for the breakage of polysaccha-
rides and Aloin deletion process in gel at fixed tempera-
ture. Due to performance of enzyme processing, large
polysaccharides in Aloe vera gel are broken into smaller
molecules and as a result, molecular weight of the
polysaccharide macromolecules will be reduced to below
80000 Daltons. The gel is condensed and then dried with
different methods such as spray or freeze drying and then
milling operations are performed for obtaining dry powder
[22].

To inactivate the enzyme produced from Trichoderma
fungus source, temperature of 80°C and time of 10 min
are needed. According to previous studies, the activity of
enzyme at 50-60°C which reduces from 80% to 10% and
increasing the temperature to 80°C inactivates the enzyme
completely [23]. The factors that effect on the activity of
the enzyme are temperature, enzymatic processing time
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and concentration of enzyme [24]. In this research, effects
of temperature, enzymatic process time and the concentra-
tion of cellulase enzyme on viscosity of the Aloe vera gel
have been studied.

Material and Methods

Preparation of Aloe vera gel

In this research, the fresh and ripen leaves of the Aloe vera
plant were prepared from Department of Medicinal Plants
Research Center, Institute of Medicinal Plants. After
washing leaves, the fillet was isolated from its shell and
yellow latex containing Anthraquinones was washed with
distilled water and the fillet wascompletely crushed with
an extruder. The resulting gel was filtered for the isolation
of coarse pulps, because the presence of these pulps
causes error in measurement of viscosity. Since this gel
contains many nutrients and is attacked by microorgan-
isms, to prevent the growth of aerobic bacteria and also for
avoiding the oxidation and browning the gel, 1% (w/w) of
vitamin C was added to the gel.

Enzyme

Commercial cellulase enzyme was prepared from Biolife
Company as a bright brown liquid. It was derived from
Trichoderma and had the activity of 10-700 units/mg.
Cellulase enzyme activity was measured with Bernfeld
method and by preparing standard glucose curve and read-
ing absorption of the sample prepared in wavelength of
540 nm [25]. Optimal condition for the function of
cellulase enzyme was pH=3.5-6 and the temperature of
50°C. The enzyme was kept at 4°C before use.
Performance of enzymatic processing

To perform tests, 400 g of Aloe vera gel was used inside
reactor suspended in water bath with stirring by a speed of
100rpm and cellulase enzyme was added to the gel in
different concentrations. By considering that 0.5 g of dry
solid is obtained from 100 g of gel, the effects of tempera-
ture, time of enzymatic processing and the concentration
of cellulase enzyme on viscosity of the gel was
investigated. Based on various studies and primary tests,
these three variables are the most effective variables on
enzyme processing. To measure the viscosity of the
samples, temperature of the sample increased to 80°C for
10 min to inactivate cellulase enzyme and prevention of
enzymatic process. Considering the equality of acidity of
enzyme and gel (pH=4.5), this variable remains fixed
during the reaction.

This reaction can be divided into two parts: viscosity
reduction, due to temperature increase, and enzyme
hydrolysis. To study the effect of temperature on viscosity,
pure gel was used and changes in gel viscosity were
studied. Then, cellulase was used with suitable tempera-
ture obtained from the previous step for enzyme hydrolysis
to measure the reduction of viscosity due to enzymatic
process.

Based on pretests conducted at 55°C, 7-10 gr
enzyme/100 gr Solid Gel concentration had the highest
effect on gel viscosity and for this reason; so the effect of
enzyme process on viscosity of Aloe vera gel at 55°C and
7gr enzyme/100 gr Solid Gel concentration was
measured. To study effect of concentration of cellulase
enzvme, tests were performed at 55°C within 34 min.
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Viscosity

Viscosity of Aloe vera gel was measured after thermal
processing and enzymatic hydrolysis by Brookfield DV-
I1+Pro viscometer.

Statistical analysis

All tests were performed in three replications and the
statistical analysis was performed with Eviews7 software
and linear regression model. Significance of data was
studied in probability level of 5%. To draw the related
diagrams, Excel software was used. Aloe vera gel viscosity
changes were fitted in relation to variables of
temperature, time and enzyme concentration of with third
order linear equation.

1)
vis =a+bx+cx? +dx®

Where vis is the viscosity, a< and c are
equation’s coefficients and x is the studied variable (tem-
perature, time and enzyme concentration).

Results

Effect of temperature on the viscosity of Aloe vera gel
According to Figure 1, the effect of temperature on gel
viscosity were studied and viscosity changes due to
increase of temperature were considerable. Findings
indicate that viscosity is reduced due to the increase in
temperature and when the temperature reaches 55°C,
the viscosity is reduced to 9.2 cP and there was no change
in viscosity after this temperature. The highest reduction of
viscosity is in 35-45°C and above 45°C, the
temperature effect was reduced gradually. In Table 1, the
statistical analysis performed for studying the effect of
temperature on Aloe vera gel has been shown and the
results indicate the significance of model (like coefficient
of determination, R?=99%).
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Figure 1. Changes in viscosity of Aloe vera gel in relation to
temperature.

Table 1. Statistical analysis of temperature effects on Aloe vera
gel viscosity.
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Temperature Viscosity Parameter Coefficient  Standard Ervor Static-t
(§O)] (cP)
33 26.6 c 221362 8.183 27.051
36 215 T -10.955 0.532 -20.576
38 17.7 TZ 0.1891 0.011 16.719
40 14.8 T -0.001 7.85E-05 -13.884
43 12.8
46 115 R? 0.99 S.E. of regression 0.17
50 10.1 AdjR? 0.99 F-Statistic 4023.87
53 9.5
56 93
60 9.2
63 9.2

Effect studying of enzymatic process time on viscosity of
Aloe vera gel

As shown in Figure 2, the viscosity of the Aloe veragel is
reduced with elapse of enzymatic process time by using of
7 gr cellulase enzyme/100 gr Solid Gel and constant
temperature of 55°C until viscosity reaches 5.1 cP after 34
min. After this time, the gel viscosity slightly increased to
a fixed value. In Table 2, results of the statistical analysis
of the effect of time on viscosity have been shown and it is
clear that the regression has been acceptable and the
performed fitting is suitable.
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Figure 2. Changes in viscosity of Aloe vera gel in relation to
time of enzymatic process.

Effect studying of concentration of cellulase enzyme on
viscosity of Aloe vera gel

Considering Figure 3, increase in concentration of
cellulase reduces the viscosity enzyme due to the hydroly-
sis of polysaccharides in Aloe vera gel and the release of
water molecules. When the concentration of cellulase
enzyme reaches to 9.5gr enzyme/100 gr Solid Gel, viscosi-
ty will reaches to its minimum level, 4.2 cP and after this
point, the viscosity of gel will be increased partially. The
obtained results can be fitted with the third order linear
equation considering Table 3 and considering that coeffi-
cient of determination (R?) and Adjusted coefficient of

determination (Adj R?) is 99%, fitting will be done well
and the model is significant.

Table 2. Statistical analysis of reaction time effects on Aloe vera
gel viscosity.

T“_ne Viscosity Parameter Coefficient Standard Error Static-t
(min) (cP)
15.5 6.7 c 12.650 0.231 54.668
17.8 6.2 t -0.586 0.023 -25.509
21.0 58 t 0.015 0.001 20.797
3
24.0 54 t -0.000 6.77E-06 -17.306
27.0 52
30.0 5.1
340 5.0 R’ 0.99 S.E. of regression 0.31
375 5.0 Adj R? 0.99 F-Statistic 897.22
41 5.2
45 5.3
49 53
54 5.3
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Figure 3. Changes in viscosity of Aloe vera gel in relation to
concentration of Cellulase enzyme.

Discussion
In this research, the effect of temperature, enzymatic pro-
cess time, and the concentration of cellulase enzyme on the
viscosity of Aloe vera gel were studied. Considering that
viscosity in liquids results from intermolecular forces and
high viscosity indicates high intermolecular interactions.
Due to temperature increasment, intermolecular bonds are
reduced and macromolecular interaction is
weakened and the viscosity of gel is reduced until the
viscosity value is minimized at 55°C and after this point,
intermolecular forces may not change or some intermolec-
ular bonds are broken and some of them are enhanced and
as a result, the viscosity will remain fixed.
At very high temperatures, thermal decomposition of the
constituent parts of gel will occur which is not desirable
and will have undesirable effect on properties of the gel.
Based on the researches, polysaccharides will be less
decomposed at temperatures below 80°C and times shorter
301
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than 1 hour. Gel decomposition will occur at temperatures
above 90°C [26].

Table 3. Statistical analysis of cellulase concentration effects on
Aloe vera gel viscosity.

Concentration Viscosity Standard

(gr En/100 gr SG) (cP) Parameter Coefficient Error Static-t
5.0 14 C 12.695 1.641 7.74
5s 68 C 0971 0.645 -151

6 63 ¢ -0.058 0.082 -0.71

65 60 c 0.007 0.003 222
7.2 5.6
8.0 5.1
8.7 47 R 099  S.E.ofregression  0.06
93 46 AR 099 F-Statistic 725.02
10.0 4.6
10.6 48
113 5

By enzymatic processing, glycosidic bonds will be broken
and polysaccharides will be decomposed and viscosity will
be reduced. Cellulase enzyme completely decomposes the
small pulps remaining in the filtered gel and homogenizes
the gel. Reduction of viscosity continues until it reaches to
the minimum value and then there is a partial increase in
viscosity value which can be as a result of increase in
intermolecular forces due to the inhibition of the product
or substrate and as a result, it causes the viscosity to reach
to a fixed value. Increasing the concentration of enzyme,
enzymatic hydrolysis is enhanced by cellulase and viscosi-
ty of Aloe vera gel is reduced until viscosity is minimized
in 9.5 gr enzyme/100 gr solid and then increasing of gel
viscosity is observed. This increase of viscosity can also be
as the result of creation of intermolecular bonds and
creation of macromolecules or enzyme inhibition by the
product or substrate. The use of enzyme process for
improvement of physical properties of Aloe vera gel and
other plant is a suitable and efficient method [27-28].

Conclusion

Variables of temperature, time of enzymatic process and
concentration of cellulase enzyme are the most effective
variables on viscosity of Aloe vera gel which is reduced
due to increase of temperature because of reduction of
intermolecular forces until it reaches to a fixed value. With
elapse of time and increase of enzyme concentration,
viscosity also decreases and there was partial increase in
viscosity after reaching to the minimum point due to
increase of intermolecular forces. Therefore, the use of
enzymatic process is a suitable method for reduction of
viscosity of Aloe vera gel.

Acknowledgements
302

We are appreciated of Pharmacognosy& Pharmaceutics
Department of Medicinal Plants Research Center, Institute
of Medicinal Plantswhich helped us conduct thisresearch.

References

1. Reynolds, T., Dweck, A.C., Aloe vera leaf gel: a review up-
date. J Ethnopharmacol, 1999, Vol. 68, pp. 3-37.

2. Hamman, j.h., Composition and applications of Aloe vera leaf
gel. Molecules, 2008, Vol.13, pp. 1599-1616.

3. Zhang, L., Tizard, I.R., Activation of a mouse macrophage cell
line by acemannan: The major carbohydrate fraction from Aloe
vera gel. Immunopharmacol, 1996, VVol.35, pp. 119-128.

4. Khatkar, B. S., Effect of plant maturity on leaf growth, yield
and physicochemical properties of Aloe vera gel. Agro Food Ind,
2013, Vol. 24, pp. 35-37

5. Saccu, D., Bogoni, P., &Procida, G., Aloe exudate: characteri-
zation by reversed phase HPLC and headspace GC-MS. J Agri
Food Chem, 2001, Vol. 49, pp. 4526-4530.

6. Bozzi A, Perrin C, Austin S, Arce Vera F., Quality and authen-
ticity of commercial Aloe vera gel powders. Food Chem, 2006,
Vol. 103, pp. 22-30.

7. Pakistan, G.o., Pre-feasibility Study, Aloe Vera Processing,
Small and Medium Enterprise Development, 2006.

8. Segal, A., Taylor, J.A., Eoff, J.C., A re-investigation of the
polysaccharide material from Aloe vera mucilage. Lioydia, 1968,
Vol.31, pp. 423-424.

9. Waller, G.R., Mangiafico, S., Ritchey, C.R., A chemical inves-
tigation of Aloe barbadensis Miller. ProcOklaAcadSci, 1978, Vol.
58, pp.69-76.

10. Mandal, G., Gas, A., Structure of the D-galactan isolated
from Aloe barbadensis Miller. Carbohydr Res, 1980, Vol. 86,
pp.247-57.

11. Mandal, G., Gas, A., Structure of the glucomannan isolated
from the leaves of Aloe barbadensis Miller. Carbohydr Res,
1980, Vol. 87, pp. 249-256.

12. Mabusela, W.T., Stephen, A.M., Botha, M.C., Carbohydrate
polymers from Aloe ferox leaves. Phytochem, 1990, Vol. 29, pp.
3555-3558.

13. Rowe, T.D., Parks, L.M., Phytochemical study of Aloe vera
leaf. J Am Pharm Assoc, 1941, Vol.30, pp. 262-266.

14. Hranisavljevic-Jakovljevic, M., Miljkovic-Stojanovic, J.,
Structural study of an acidic polysaccharide isolated from Aloe
arborescens Mill. I. Periodate oxidation and partial acid hydroly-
sis. Glas Hem Drus Beogr, 1981, Vol. 46, pp. 269-73.

15. Gowda, D.C, Neelisidaiah, B., Anjaneyalu, Y.V., Structural
studies of polysaccharides from Aloe vera. Carbohydr Res, 1979,
Vol. 72, pp. 201-205.

16. Radjabi-Nassab, F., Ramiliarison, C., Monneret, C., Vilkas,
E., Further studies of the glucomannanfrom Aloe vahombe (lilia-
ceae): Il. Partial hydrolyses and NMR 13C studies. Biochimie,
1984, Vol. 66, pp. 563-567.

17. Djeraba, A., Quere, P., In vivo macrophage activation in
chickens with Acemannan, a complex carbohydrate extracted
from Aloe vera. Int J Immunopharmacol, 2000, Vol. 22, pp. 365-
372.

18. Paulsen, B.S., Fagerheim, E., Overbye, E., Structural studies
of the polysaccharide from Aloe plicatilis Miller. Carbohydr Res,
1978, Vol.60, pp. 345-351.

19. Manna, S., McAnalley, B.H., Determination of the positionof
the O-acetyl group in a B-(1-4)-mannan (acemannan) from Aloe
barbardensis Miller. Carbohydr Res, 1993, Vol. 241, pp. 317-
319.

20. Eshun, K., He, Q., Aloe vera: A valuable ingredient for the
food, pharmaceutical and cosmetic industries - A review. Critical
Rev Food Sci Nutr, 2004, Vol. 44, pp. 91-96.

178 Journal of Applied Biotechnology Reports, Volume 2, Issue 3, Summer 2015


http://ideas.repec.org/p/ags/srtcmp/32659.html

Ali lzadi, et al.Evaluation the Effect of Enzymatic Process

21. Vogler, B. K., Ernst, E., Aloe vera: a systematic review of its
clinical effectiveness. Br J Gen Practice, 1999, Vol. 49, pp. 823-
828.

22. Shizuoka, S.Y., Aloe powder, Aloe juice, and method for
producing the same. United States patent US 20110038906,
2011.

23. Andreaus, J., Azevedo, Cavaco-Paulo, A., Effects of Temper-
ature on the Cellulase Binding Ability of Cellulase Enzymes. J
Mol Catal B: Enzymatic, 1999, Vol.7, pp. 233-239.

24, Lee, W.C,, Yusof, S., Hamid, N.S.A., Baharin B.S., optimiz-
ing conditions for enzymatic clarification of banana juice using
response surface methodology (RSM). J Food Eng, 2006, VVol.73,
pp. 55-63.

25. White, F.H., Spectrophotometric determination of malt col-
our. J Inst Brew, 1995, Vol.101, pp. 431-433.

26.Lian, Chang X., W.C., Feng, Y., Liu, Z., Effect of Heat
Treatments on the Stabilities of Polysaccharides Substances and
Barbaloin in Gel Juice from Aloe Vera Miller. J Food Eng, 2006,
Vol.75, pp. 245-251.

27. Sin, H.N., Yusof, S, Sheikh Abdul Hamid, N., Abd-Rahman,
R., Optimization of enzymatic clarification of sapodilla juiceus-
ing response surface methodology. J Food Eng, 2006, Vol. 73,
pp. 313-319.

28.Lee, W.C,, Yusof, S., Hamid, N.S.A., Baharin B.S., Optimiz-
ing conditions for hot water extraction of banana juice using
response surface methodology (RSM). J Food Eng, 2006, Vol.
75, pp. 473-479.

Journal of Applied Biotechnology Reports, Volume 2, Issue 3, Summer 2015 303


http://ideas.repec.org/p/ags/srtcmp/32659.html

