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Table 1 Temperature, time and pH for
extraction of pectin from eggplant peel

Treatments Tem(lzecr;a ture g\jﬁf) pH
1 75 100 3.00
2 75 150 2.25
3 90 150 1.50
4 90 100 1.50
5 90 50 2.25
6 60 100 1.50
7 90 150 3.00
8 60 50 2.25
9 75 50 1.50
10 75 100 1.50
11 60 150 2.25
12 90 50 1.50
13 75 50 2.25
14 90 100 3.00
15 60 150 3.00
16 60 50 3.00
17 75 100 2.25
18 60 150 1.50
19 60 50 1.50

20 60 100 3.00
21 90 50 3.00
22 75 50 3.00
23 75 150 1.50
24 90 100 2.25
25 75 150 3.00
26 90 150 2.25
27 60 100 2.25
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Table 2 Independent variable values of the process and their corresponding levels

Independent variable Symbol -1 0 +1
Temperature (°C) A 60 75 90
Time (min) B 50 100 150

pH C 1.5 2.25 3
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Table 3 Extracted pectin Yield from eggplant peel in different conditions

Treatments Yield of eggplant peel (%) O?:g;;ﬁig l:)ze};lle(}(l,z )
1 14.22 13.83
2 14.75 15.63
3 28.30 28.20
4 27.30 25.84
5 20.12 21.20
6 12.20 12.36
7 25.11 24.82
8 11.50 11.90
9 14.90 14.26
10 15.01 15.82
11 12.05 11.36
12 22.30 22.84
13 14.32 13.27
14 22.11 22.57
15 11.18 11.01
16 11.01 11.65
17 14.70 14.77
18 12.85 11.82
19 12.12 12.25
20 11.15 11.65
21 19.18 19.67
22 14.01 12.38
23 15.18 16.73
24 24.35 24.15
25 14.28 14.64
26 27.01 26.46
27 11.92 11.95
Lo (1 JS0) sls 0La (il 53l (ls pme K3 & g5 PH 5 Lz 0oy e 4 2 ot Sl H 0 S Gb
S 2 x0be) o Jlize <l s pH 5 0L po> a3 <l Oley x Los s blie I 50 Gljﬁv_:..al b po3 43 <l
gl les ppizmen (P>0/00) 55 e o S DLl se lsme S Obekily g5, 2 0y x pH s pH x Les
S Sy o3l g eSSBS S QlﬁepH oals 5 0l s Loy 5l L e gl (P<./v0)
Table 4 Analysis of variance (ANOVA) response surface model models
source model R’ R’-adj
. 14.773 + 6.10A + 1.180B - 0.990C + 1.447AB - 0.639AC-
Yield (%) 0.0533BC + 3.278A% 0.319B%+ 0.053C2 98.16 97.18
Galacturonic acid 76.9426 - 2.8661A —0.0756B + 1.7217C— 0.0350AB + 93.22 29.63
(%) 1.4775AC + 0.4842BC— 7.6861A% — 1.4178B* — 7.9328C" ' '
Esterification 53.9463 — 17.8617A -1.3106B+ 1.0042AB —2.8433AC — 99 36 9903
degree (%) 0.2000BC+ 4.2728A% + 0.2128B% -2.1222C? ' '
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Table 5 Analysis of variance (ANOVA) response surface model

Source Yield (%) Galacturonic acid (%) Esterification degree (%)
P-value F-value P-value F-value P-value F-value
Model 0.00* 100.53 0.00%* 2597 0.00%* 295.37
A 0.00* 750.12 0.00%* 35.47 0.00* 2373.37
B 0.00* 28.10 0.87 0.02 0.02* 12.78
C 0.00%* 19.96 0.00* 12.80 0.00* 170.37
A’ 0.00%* 72.24 0.00* 85.04 0.00* 45.27
B’ 0.41 0.69 0.10 2.89 0.74 0.11
C? 0.89 0.02 0.00* 90.58 0.04* 11.17
AB 0.00* 28.16 0.95 0.00 0.03* 5.00
AC 0.03* 5.49 0.02* 6.28 0.00* 40.09
BC 0.84 0.04 0.42 0.67 0.66 0.20

*Significant effect (p<0.05)

25 25

veild peel (%) 2 yeild peel (%) 20
15 1 15
10 0
Time (min) 10
) 0
Temperature (°C) Temperature (°C)
<l o

16.5

yeild peel (%) 150

135 1

Lo Time (min)

<

Figl Surface interactions effects on pectin extraction yield from eggplant peel a) temperature x extraction time b)
temperature x pH, c¢) time % pH.
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Fig 2 Optimal conditions for extracted pectin yield
from eggplant peel
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Table 6 Extracted pectin galacturonic acid from eggplant peel in different conditions

Galacturonic acid of eggplant peel (%)

Predicted galacturonic acid of
eggplant peel (%)

Treatments
1 71.15
2 75.30
3 50.73
4 53.19
5 67.19
6 65.15
7 59.16
8 69.15
9 65.13
10 68.17
11 68.17
12 55.18
13 73.80
14 60.17
15 64.11
16 63.81
17 76.50
18 63.11
19 64.17
20 65.19
21 58.18
22 70.08
23 66.14
24 69.11
25 70.11
26 68.50
27 70.14

70.73
75.44
53.24
55.25
65.08
63.94
60.61
70.74
66.43
67.28
70.66
54.43
74.60
61.65
63.46
62.57
76.94
62.00
63.05
64.43
59.86
68.90
65.31
66.39
69.72
64.86
72.12
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Fig 3 Surface interaction effects on the percentage of galacturonic acid of extracted pectin from eggplant peel, a)
temperature X extraction time, b) temperature x pH, c) time x pH.
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Table 7 Esterification degree of extracted pectin from eggplant peel in different conditions

Treatments Esterification degree of eggplant pee 1(%)  Predicted esterification degree of eggplant peel (%)
1 58.17 56.61
2 50.17 52.84
3 35.41 36.39
4 35.83 36.29
5 42.11 40.37
6 64.80 66.33
7 39.12 39.88
8 80.37 78.60
9 48.83 48.36
10 48.12 47.03
11 75.11 73.97
12 36.12 36.61
13 53.14 55.47
14 39.80 40.17
15 78.81 79.28
16 83.20 84.31
17 52.11 53.94
18 64.19 64.42
19 68.90 68.65

20 81.70 81.58
21 40.14 40.89
22 59.32 58.33
23 48.09 46.14
24 41.70 40.35
25 56.14 55.31
26 41.53 40.56
27 76.19 76.08
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Fig 5 Surface interaction effects on the degree of estrification of extracted pectin from eggplant peel, a) temperature
x extraction time, b) temperature x pH, c) time x pH
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Table 8 Emulsifier stability of pectin extracted from eggplant peel

Time (Day) Temperature (°C) Emulsifier stability (%)
1 4 86°
23 85"
4 81°
30 23 77°
Different small letter showed significant differences in each column (p<0.05)

ol il S il slaclals (K) 5 o s 5 (n)
sladae s baesls 25l b ag Ll 8 5o Obmasl csy )
Laesls 5310 3l ol bt ool o 03,50 Ol 5 s
bl g s e plad L, S el ol S
Dl oS b oles il o4 Senp ol ol
Lol ol o oy laiged Chile I8 L o)
)5Sy Sy e LIBIL Wl s ol wsl 15
S5 08 I LS [YA] el sl 2l 5
Sl 2ol s dexr 5l (S8 Slosaty slad
ot Jslous Al s 15 0038 STl o 2l sl iSO
Jloes L L5 JSIL 00ls sy OF JLiss lindluel Ka
Gl Sy 5 Ls S (Sl el KIS0
boge Jsse 055 Lol a5y ol JoS %
Slaals oS 515 a5 5K 5 (5, el bl 5 0l diloes
il ran S e Jols [ Ogdls O e el YA0N s |
3V Glac i am s s 0l Kl (oSG 4 s sad 51

LYa] s o U5 oKt 158 ol sl st s 3

1. Iglesias
2. Lozano

¥

G Er O b Olss 4y A5 el @) A IS s
Olmasly Gy 31 ol ol gl i e o kil (6l
53 &S pshiles ol ol eals LIS Al Sl kil o

(n=1)

+ Con0.1%
== Con 0.2%
4 Conlk

% Con 2%

Shear stress (Pa)

0 20 40 60 80 100 120
Shear rate (1/s)

Fig 8 (a) Shear stress versus shear rate for extracted
pectin of eggplant peel
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Table 9 Viscosity and rheological characteristics obtained from fitting viscosity on various models of
extracted pectin of eggplant peel

Concentration

(WV)% Viscosity (cP) Model N K(Pa S" R%(%)
Newtonian 1 0.013 99.3
01 155 Power 1.002 0.016 97.6
Newtonian 1 0.014 98.6
0.2 173 Power 1.004 0.017 97.7
Newtonian 1 0.021 98.8
1 2.40 Power 1.007 0.022 9.6
2 243 Newtonian 1 0.024 99.8
’ Power 1.008 0.023 98.0
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Fig 9 FT-IR spectrum of extracted pectin of eggplant
peel
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Eggplant peel contains valuable materials such as pectin which its extraction can be beneficial from
economic and environmental aspects. The overall objective of this study was to evaluate the effect of
three variable temperature (60, 75 and 90), time (50, 100 and 150) and pH (1.5, 2.25 and 3) on the yield,
the galacturonic acid content and esterification degree of Eggplant peel pectin. Response surface
methodology was used to optimize the extraction conditions. To study the physicochemical properties of
the pectin, the emulsion stability during different days and at some temperatures, flow behavior at
different concentrations. According to the results, the highest extraction yield of the eggplant peel was
28.30% which was observed temperature 90°C, time 150min and pH 1.5. The highest galacturonic acid
content of the extracted pectin of eggplant peel was 76.50%, at temperature 75°C, time 100 min and pH
2.25, The highest esterification degree of extracted pectin of eggplant peel was 83.200%, which was
observed at temperature 60°C, time 50 min and pH 3, The results of variance analysis showed that
extraction temperature was the most effective factor on the yield and esterification degree of the pectin
extracted. The most emulsion stability of eggplant peel pectin was observed at 4 °C and on the first day of
storage. With increasing of the concentrations of pectin samples (from 0.1% to 2%), viscosity was
increased- Flow behavior of the all samples was Newtonian. Therefore, can be used of eggplant peel
waste as a source of pectin.
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