Journal of Food Processing and Preservation {

Print ISSN: 2322 - 2069
Online ISSN: 2322 - 2794 Wrockan A

Microwave-assisted extraction of pectin from Faba bean hulls
and evaluation of its Physicochemical properties

0 . 2% . L)
Parisa Habibpour' | Sara Ansari’ | Amir Vazirizadeh®

! Department of Food Science and Technology, Kherad Institute of Higher Education, Boushehr, Iran.
? Department of Food Science and Technology, Kazeroun Branch, Islamic Azad University, Kazerun, Iran, Email: ansari@kau.ac.ir
* Marine Biology & Fishery Dept., Persian Gulf Research Institute, Persian Gulf University, Boushehr, Iran.

Article Info

ABSTRACT

Article type:
Research Full Paper

Article history:

Received: 28.11.2020
Revised: 28.01.2021
Accepted: 24.03.2021

Keywords:

Faba bean hulls

Pectin

Microwave-assisted
extraction

Physicochemical properties
Optimization

Background and objectives: Due to the increasing demand for pectin with
different functional properties for use in different foods and the usefulness
of this compound for human health, much research has been done to find
raw materials containing pectin and production of pectin with desirable
technological characteristics. The amount of hulls obtained from the fava
bean shelling process is equal to 14.28% of the total weight of dried beans,
which is currently disposed of as waste, and in addition to environmental
problems, destroys rich sources of bioactive compounds such as pectin.

Materials and methods: In this study, the effects of some independent
variables, including microwave power (360, 540 and 720 W), irradiation
time (1, 2.5, and 4 min), pH (1, 2 , and 3), and solid-to-liquid ratio (1:15,
1:20 and 1:25) on the yield and degree of esterification (DE) of pectin
extracted from fava bean hull by microwave irradiation were investigated.
The response surface methodology (RSM) using the Box-Behnken design
was used to optimize the extraction conditions.

Results: The results indicated that the extraction yield and DE of the
extracted pectins were 1.01- 21.02% and 6.44- 39.23%, respectively. By
increasing the microwave power, irradiation time, solid-to-liquid ratio and
reducing the pH, the extraction yield of pectin increased, while DE
decreased. The optimum conditions to reach the maximum extraction yield
and DE were microwave power of 719.99 W, irradiation time of 1 min, pH
2.99, and the solid-to-liquid ratio of 1:25, which resulted in extraction yield
of % 14.48 and DE of %28.25. On the other hand, the highest stability of
the pectin-stabilized emulsion was at 4 °C and after one day. According to
results of DE measurement, fava bean hull pectins belonged to low ester
pectins. However, FT-IR spectrum revealed that this polysaccharide might
belong to high-methoxyl (HM) pectins. The results of rheological test of
bean pod pectin (obtained from optimal extraction conditions) showed a
viscoelastic behavior at both dispersion concentrations (0.5% and 1.5%).
Moreover, the apparent viscosity of samples remained constant with
increasing the shear rate (showing the Newtonian flow behavior). FT-IR
results also confirmed the presence of pectin structures in the extracted
samples. It was found that bean pod pectin was able to produce gels with
suitable firmness and high brightness index.

Conclusion: According to the results of this study, it was concluded that
faba bean pods contain a significant amount of pectin that can be used on a
commercial scale. Also, microwaves could be applied as a novel high-
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efficient method to extract pectin from faba bean hulls. It was also found

that microwave energy could be used as a novel high-efficiency method to
extract pectin from food waste.
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Table 1- Matrix design for Faba bean hull pectin extraction by microwave and responses related to extraction yield

and degree of esterification

(D) dolr & mle oo

O san S jzosl a5 . B) ol (A) Oy
) o (3l o) ©pH () @
Yield (%) Liquid to solid ratio o Run
DE (%) (V/W) Time (min) Power (W)
29.16 2.14 1:20 3 2.5 720 1
39.23 1.16 1:20 3 1 540 2
27.53 2.81 1:15 3 2.5 540 3
35.41 1.01 1:20 3 2.5 360 4
26:42 3.95 1:20 3 540 5
13.69 12.30 1:20 2 720 6
12.13 13.69 1:20 2 2.5 540 7
19.46 9.19 1:15 2 2.5 360 8
10.91 14:32 1:20 2 2.5 540 9
11.25 14.67 1:20 2 2.5 540 10
16.35 6.40 1:15 2 1 540 11
14.49 11.62 1:25 2 4 540 12
13.19 12.01 1:20 2 1 720 13
18.32 12.40 1:15 2 4 540 14
18.24 9.97 1:15 2 2.5 720 15
10.16 14.85 1:20 2 2.5 540 16
12.37 13.08 1:25 2 2.5 360 17
18.16 9.27 1:25 3 2.5 540 18
9.39 17.02 1:25 2 2.5 720 19
8.98 19.77 1:15 1 2.5 540 20
15.33 10.97 1:25 2 540 21
10.31 15.03 1:20 2 4 360 22
10.35 14.89 1:20 1 2.5 360 23
6.44 21.02 1:20 1 4 540 24
14.66 11.60 1:20 2 360 25
8.01 19.18 1:20 1 2.5 720 26
9.83 17.61 1:25 1 2.5 540 27
28.56 3.31 1:20 1 1 540 28
12.85 13.73 1:20 2 2.5 540 29
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Table 2- Analysis of variance (ANOVA) for the extraction yield of pectin from Faba bean hull by microwave energy

Sl e pS0ls 151 :
p- Value F- Value Sl ST calCa &
Mean square Df Sum of squares Source
<0.0001 33.41 67.66 12 811.94 (Model) Jus
0.0234 6.59 13.35 1 13.35 (Power) Ol -A
0.0005 20.81 42.15 1 42.15 (Time) ols; -B
<0.0001 239.26 484.50 1 484.50 pH-C
0.0020 14.90 30.18 1 30.18 o
(liquid/solid)
0.0002 25.46 51.56 1 51.56 AB
<0.0001 41.88 84.80 1 84.80 BC
0.0827 3.53 7.16 1 7.16 BD
0.0097 9.17 18.58 1 18.58 CD
0.0032 12.98 26.28 1 26.28 A?
<0.0001 54.72 110.81 1 110.81 B?
0.0003 2391 48.42 1 48.42 C?
0.0934 3.28 6.64 1 6.64 D?
- - 2.02 13 29.33 (Residual) s.tls 3L
0.204 2.95 2.80 9 25.20 (Lack of Fit) 23 pde
- - 0.28 4 4.13 (Pure Error) 2= glas
- - - 25 838.26 (Cor Total) Js
(R?) iy
- - 0.9686 - -
(R-Squared)
R b kol e
- - 0.9396 - - .
(Adj R-Squared)
Repre) o e iy e e
- - 0.8230 - -
(Pred R- Squared)
Sl S5 Ol
- - 20.358 - -

(Adeq Precision)

B (ol A SVl pl 3l sdal 53 s e

Yield (%) = 14.25 + 1.19A +2.37B — 7.02C +
1.59D — 7.33AB — 5.94BC — 1.34BD + 2.15CD
—~2.50A%-5.56B>—3.00C>+ 1.11D".
DE (%) = 11.46 — 1.64A — 3.42B + 11.41C —
475D + 3.42AB — 2.39BC — 4.06BD — 6.13CD
+2.37A2+ 1.18B* + 7.43C% + 0.66D>.

\K

Sy o B s S5 o 5 eslizad L

o33 s SVl ol oy isla3T (slaesls
Olee Jmlite Jasly; aalllas sl ot oy
s gl Al s s b e oy 5 b i
AS S pmin 45 05 S O el il 4
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Table 3- Analysis of variance (ANOVA) for the degree of estrefication of Faba bean hull pectin extracted by
microwave energy

Is & - .
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Figure 1- The effects of independent variables, including microwave power and extraction time (a), pH and extraction
time (b), extraction time and Liquid-to-solid ratio (c), and pH and Liquid-to-solid ratio (d) on the extraction yield of

Fava bean hull pectin.



Ol od g jarcums bug g [ il 23181 b YBL BYE 51 iSSy ! yScin!

3R S Al o mle s 5 Ol s

a5 prySae ;31 48 il e Los ine
S Lo Ol il ax s (P<e/0Y)
Ay sl 4 Gl.a Cs 5 Oboy de Sl 53l L
(Y JSd) el sl 2alS 0 ol 2
Ly O el il 4 y3 2alS e O K ss,
S50 SVE L ded (glao ns sy pla) x5l 31
oeosS alde G ag a5 L (V) Wb
DL DAL Sl Sy Al ae 3 (Y410)
50l als as a S esls QLIS (gl R,
OFSS DplSody il w53 Gl el pHL 2153
S S0 b 4 mle s 5l s
U5 s @ ar 5 b e (V) conl aslw
Gla sSG s o ML M 3G 4S5 ped by
Y g 53 O 51 0155 e 45 At o 2l oS
36 Lo (s slad il s JLs s
53 (VY) 3 b eslaul (glads (i NV 5 2
(VoY) OLLSan 5 et Loy S alie i
et o oSG 0l il w53 A plosl
5 o3 VEIAS 5 FY/FY o5 siima 53 SBL G5
Ll i YU (gl o b ol S e
S sl Cleay Ll e zb s osle ()
Al slial 35w yls 5 O el plil g,
s bl 48 Ao S Ol 0 ool i
5 Al ele coale s ay 05K 2l
534S 0l Q) el osline gl Sl Jail 3
Sy M J e mie i WS S L BLS
OY/0) L5 YYNO Sl ikisve &yl ol a3
L 88/ 5 (YF) dsys #4 L OA (YY) us s
Slidss Gb .l sl 55158 (FV) Ao 3 AY/YY
Tl Sy Ol Sy sl a3 (Y00 4) 5L
A3 08 L5 OF iy o g 31 shoms] g,y 4 0k

1. Passion fruit
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Figure 2-The effects of independent variables, including microwave power and extraction time (a), pH and extraction
time (b), extraction time and Liquid-to-solid ratio (c¢) and pH and Liquid-to-solid ratio (d) on the degree of

esterification of Fava bean hull pectin.
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Table 4-Emulsifying properties of solution containing Faba bean hull pectin (0.5%, w/w) extracted in optimum
conditions
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Figure 3- Shear stress versus shear rate for Faba bean hull pectin solutions at concentrations
of 0.5 and 1.5% (w/v) at 25 °C.
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Figure 4- Variations of the storage (G') and loss (G") modulus versus angular frequency for Faba bean hull pectin
extracted by microwave ( 0.5 and 1.5% ) at constant strain and temperature of 1% and 25 °C, respectively.
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Figure 5- FT-IR spectrum of Fava bean hull pectin extracted at optimum conditions.
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