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Table 1. Treatments with independent variables (time (X1), temperature (X2), pH (X3) by response surface method
(Box-Behnken))

Treatment pH ('II'\;Irinne) Tem?oeé;a ture
1 3 120 35
2 1 40 65
3 1 120 35
4 2 40 35
5 1 200 65
6 2 200 35
7 2 200 95
8 2 120 65
9 2 120 65
10 2 40 95
11 2 120 65
12 1 120 95
13 3 40 65
14 3 200 65
15 3 120 95
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Table 2. Determination of suitable acid for pectin
extraction from aloe vera leaves (effect of citric acid,
nitric acid, phosphoric acid and sulfuric acid)

Type of acid Pectin extraction (%6)
Citric acid 6.535+0.022%
Nitric acid 6.395+0.021"
Phosphoric acid 6.375+0.035°
sulfuric acid 6.485+0.023%
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Table 3. Comparison between yield, galacturonic acid and degree of pectin extraction extracted from aloe vera leaves
tested and predicted in different conditions

Pectin yield (%)

Galacturonic acid (%)

Degree of esterification (%6)

¥ 'ON /8T I0OA / T20Z Iled / uoninny 7 ABojouyds 1 poo4

Treatment - : -
Tested Predicted Tested Predicted Tested Predicted
1 5.21 5.215 56.27 55.32 52.465 53.41
2 5.90 5.894 60.14 60.554 46.326 47.20
3 5.50 5.482 56.35 59.267 46.038 45.47
4 5.36 5.384 62.17 58.839 49.506 49.20
5 6.00 6.029 78.48 74.199 42511 43.15
6 5.40 5.389 64.41 65.774 46.871 46.80
7 6.70 6.676 70.49 73.821 43.394 43.70
8 5.83 5.83 71.15 70.87 47503 47.70
9 5.81 5.83 70.38 70.87 47.503 47.31
10 6.40 6.411 67.15 65.786 45,199 45.27
11 5.85 5.830 71.08 70.87 47.503 475
12 6.90 6.895 70.15 71.1 41.465 40.52
13 5.40 5.371 54.15 58.431 51.839 51.20
14 5.50 5.506 60.17 59.756 51.214 50.34
15 6.10 6.117 61.40 58.482 49.253 49.82
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Table 4. Response surface model of pectin extraction from aloe vera leaves

Source Model R? R%adj
Pectin extraction yield  5.830 + 0.57875 A +0.0675 B - 0.26125 C + 0.18125 A?-0.04625 B>-0.08375 99.87  99.64
(%) C?+0.065 AB - 0.1275 AC
Galacturonic acid (%) 70.87 + 3.7488 A + 3.7425 B - 4.1413C-3.5037 A% -1.3113B%-6.3237C? + 78.99  66.37
0.275 AB -2.1675AC -3.08 BC
Degree of 47.5033 -1.9462 A -1.1100 B + 3.5538 C -0.9642 A2 -0.2967 B2+0.7658 C>+ 96.76  93.90

esterification (%)

0.2075 AB +0.3400 AC+0.7975 BC

A: Temperature, B: time, C: pH
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Table 5. Results of regression analysis of the response surface model of pectin extraction from aloe vera leaves

Source of changes

Pectin yield (%) Galacturonic acid (%)

Degree of esterification (%)

P-value F-value P-value F-value P-value F-value

regression 0.000" 426.39 0.068 4.07 0.003" 16.59
Linear effects 0.000" 1188.37 0.028" 7.34 0.000" 46.63
Temperature (A) 0.000" 2928.54 0.047" 6.85 0.003" 30.02
Time (B) 0.000" 39.84 0.048" 6.82 0.026" 9.77
pH (C) 0.000" 596.73 0.034" 8.36 0.000" 100.1
Square effects 0.000" 60.95 0.096 3.71 0.219 2.1

Temperature x Temperature (A% 0.000" 132.57 0.158 2.76 0.124 3.4

Time x Time (B?) 0.032" 8.63 0.561 0.39 0.595 0.32
pH x pH (C?) 0.003" 28.3 0.030" 8.99 0.203 2.15
Interaction effect 0.001" 29.85 0.412 1.16 0.447 1.05
Temperature x Time (A x B) 0.008" 18.47 0.020" 0.02 0.697 0.17
Temperature x pH (A x C) 0.032" 71.07 0.334 1.14 0.529 0.46
Time x pH (A x C) 1.000 0 0.189 2.31 0.173 2.52
Lack of fit 0.250 3.15 0.007 150.29 0.023 43,57
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Contour Plot of yeild (%) vs Temperature (°C), Time (min)
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Figure 1. Interactions on the efficiency of pectin extraction from aloe vera leaves. a) Extraction temperature and

time, b) Extraction time and pH, ¢) Extraction temperature and pH.

g ol (b gl yBxinst Blo g ylys dny5 (2 Al oo 1y9digll Sy 51 iy &l ySinns] (2530 5 Jliio I 51—y S5

Z) 5wl pH g Oyl > s 3 (e pH

; Temperat Time(min pH
i I 1 245 24
ur . . B
1.0000 |ow 35.0 40.0 1.0
Composite
Desirability
1.0000

yeild(%)

Maximum
y = 6.9812
d = 1.0000

Figure 2. Optimal conditions for extracting pectin from aloe vera leaves
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Contour Plot of GalA (%) vs Time (min), Temperature (°C)
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Figure 3. Interactions effect of galacturonic acid percentage of pectin extracted from aloe vera leaves, a) extraction
temperature and time, b) extraction time and pH, c) extraction temperature and pH.
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Figure 4. Optimal condition for galacturonic acid content of pectin extraction from aloe vera leaves
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Figure 5. Interactions effect of the degree of sterification of pectin extracted from aloe vera leaves, a) extraction
temperature and time, b) extraction time and pH, c) extraction temperature and pH.
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Figure 6. Optimal conditions for the degree of esterification of pectin extraction from aloe vera leaves
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Figure 7: Simultaneous optimal diagram, yield and percentage of galacturonic acid extracted from aloe vera leaves
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Table 6. Emulsification stability (%0) of pectin extracted from aloe vera leaves under optimal conditions and
comparison with commercial pectin
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Figure 8. FT-IR spectrum of pectin from aloe vera leaves
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Abstract

Introduction: Aloe vera gel has many applications in the pharmaceutical and food industries.
Aloe vera leaf contains valuable materials such as pectin which its extraction can be
beneficial from economic and environmental aspects.

Materials and Methods: The overall objective of this study was to evaluate the effect of
three variable temperatures (35, 65 and 95), time (40, 120 and 200) and pH (1, 2 and 3) on the
yield, the galacturonic acid content and esterification degree of aloe vera leaf pectin. In order
to study the physicochemical properties of the pectin, emulsion stability tests and FT-IR were
applied.

Results: According to the results, high pectin extraction yield from aloe vera leaf was 6.9%
which was obtained at temperature of 95°C, time of 120 min and pH of 1. The highest
galacturonic acid content of the extracted pectin of aloe vera leaf was 78.48%, at temperature
of 65°C, time of 200 min and pH of 1, The highest esterification degree of extracted pectin of
aloe vera leaf was 53.410%, which was observed at temperature of 35°C, time of 120 min and
pH of 3. The highest emulsion stability of aloe vera leaf pectin was at 4 °C on the first day of
production. FT-IR results also showed that the strong absorption in the area 3200-3500 cm™
in the extracted pectin samples was related to intra-and extracellular vibration of the hydrogen
bond in the galacturonic acid polymer. The pectin extracted from aloe vera leaf with
molecular weight of 127 kDa after 30 days storage at 4 and 23 °C had 75% and 63%
emulsification stability respectively.

Conclusion: The results of this study showed that pectin extracted from leaf lesions of aloe
vera could be introduced as a marketable pectin source.

Keywords: Aloe Vera Leaf, Extraction Pectin, Esterification Degree, Galacturonic Acid.
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