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Abstract

Pectin is a widely used plant polysaccharide predominantly found in the plant cell wall, exhibiting
varying structural and functional properties depending on its source and extraction method. This article
provides a comprehensive review of different approaches for extracting pectin from commercial and non-
commercial sources, with a focus on the importance of the source type and extraction method. Initially,
conventional extraction methods such as acidic, alkaline, and aqueous extraction are examined. Although
these methods are simple and common, they face limitations due to high energy consumption, use of
corrosive materials, and the potential degradation of pectin structure. Subsequently, novel methods
including microwave-assisted extraction, ultrasound, enzymes, pulsed electric fields, ohmic heating, high
pressure, plasma, and subcritical water extraction are reviewed. Each of these techniques has been
developed with the aim of improving yield, reducing processing time, preserving pectin structure, and
minimizing chemical usage, while requiring specialized equipment and precise optimization conditions.
This article, through an analysis of the advantages and disadvantages of each method, demonstrates that
the selection of the extraction technique depends on factors such as the type of plant source, intended
application, sensitivity of the extracted composition, cost, environmental considerations, and available
infrastructure. This article can serve as a suitable guide for choosing the optimal pectin extraction method

in various industrial and research applications.
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Figure 1. General process of pectin extraction by different methods. The steps after the extraction process
are called separation and purification processes.
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Table 1: Extraction methods and some properties of pectin from different sources.
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Table 1: Extraction methods and some properties of pectin from different sources.
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Figure 2. Pectin extraction process by traditional methods using acid, alkali and water. The
separation and purification process is as shown in Figure 1.
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Figure 3. Pectin extraction process by microwave, ultrasound, enzyme and electric field. The
separation and purification process is as shown in Figure 1. MAE, UAE, PUAE, EAE, PEF and MEF
stand for microwave-, ultrasound-, pulsed ultrasound-, enzyme-, pulsed electric field-, and moderate
electric field-assisted extractions, respectively.
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Figure 4. Pectin extraction process by subcritical water. The separation and purification process is as
shown in Figure 1.
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Figure S. Pectin extraction process by dielectric barrier discharge. The separation and purification
process is as shown in Figure 1.
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Table 2: Comparison of different pectin extraction methods.

Tl Al g,
Extraction method

Ll
Advantages

Disadvantages

ko]

Acid
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Simple and cost-effective.
3,150 (B 5 33 (S (S Bas gl cenlie

Suitable for maintaining pectin integrity in some cases.

-Ego &gl dlge 595 2 121 JB
Applicable to various raw materials.

<09 ISy a2 5l Gl 59 00 Sl Sl oo
May cause excessive hydrolysis of pectin.
- F Vb gl ploj
Longer extraction time.

58 o) b s lio 5o Yomly o35
Lower yield compared to other methods.

Alkaline

Sy g el 033k (39
Increased pectin extraction yield.
<GSy 9 S os g LS Sgaty
Improved quality and functionality of pectin.
<l (g 4 o g1yl ploj hals

Reduced extraction time compared to acidic method.

L9 (piSy Hlis b 5 el Conl Ko
May cause degradation of pectin structure.
PH 285 J 565 & 53U
Requires precise pH control.
T 55 Ay G Sl 5 g ol
Possibility of producing unwanted compounds during the
process.

Water

- yan (g2l Slgo 4 5Ls pue
No need for harmful chemicals.
ol g o3 by b 415 o
Environmentally friendly and safer.
Sl o laé WY gazo gl g ol
Suitable for organic food products.

2B b sl SLahy) 41 G yieS 003k
Lower yield compared to acidic or alkaline methods.
<Y gl gloj 4 3
Requires longer extraction time.
Ladgl Slge 31 iy JolSL gl okl Jlocis|
Possibility of incomplete pectin extraction from raw
materials.

299,54k
Microwave

Sig0 Jlabuns 3 Sl 5 caldo 5 53busliT Saljil ek MAE

205,550 033k Sl 4y aF
MAE increases the release and solubility of bioactive
compounds, resulting in increased yields.
S 0,152 959 2ln 50 ol dlgo i cdidlne b Gy o0
L3S o i 1 Loy
It maintains the integrity of fragile materials by
shielding them from light and heat.
SIS 0 B> [y 1gd 50 992 g0 sS4l
Removes airborne contaminants.
<, (505 sl 390! 4 5L
It needs very little training.
S o 6 9l 8 L 38 G
Prevents the loss of volatile chemicals.
<3310 (05 sl 5,10 4l pr sloais 32
Minimal costs for investments.

IS 80 4wl 239,500 plg 9 oloj (Pl g 95 wile (Alise Jolge
<09 Juol> gl o it U Wigls
Factors such as solvent type, time, and microwave power

must be carefully controlled to achieve the optimum
results.

Aob g Wgd 4325 9199, ke byl pd S Gl (Koo OLS 5 (S 2
s Fwly 92990k Zl pmiwl 4 (295 A Cawl S Olgo
Certain compounds may degrade under microwave
conditions, and not all materials may respond well to
microwave extraction.
x5 54 sl 0wd (hjgel QLSS ol sl lbos plovil (sl
cadiwd 03 Ol 3l oolisiwl g mao
Trained staff are required to correctly operate and utilize
the equipment for the most demanding operations.
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Ultrasound
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it Faol )l (s gl 29y 4 Comni(UAE)
Processing times are reduced since UAE extraction
methods are more efficient than traditional methods.
25 Mo i 398 b Wilgd (o0 JUad (w5 LS gl il 003
b Gl UAE g,

The yields of extracting bioactive components can be
increased by UAE’s improved solvent penetration.
S bumo (sl g 548 po 4 (9 e 4y jo )L 5IUAE ()

L3S o0 oolisiuwl (g yeS M 15 5 el JFadodgu
UAE is more cost-effective and advantageous for the
environment as it uses less solvent.
Slge (ool vy (B yme 53 385 518 s L UAE i,
S (o0 B |y el (o b

The UAE approach preserves the purity of delicate

chemicals by minimizing heat exposure.

209 Lo 1 (ixiuo (eliie 53 Wilg 0 UAE (g (S 1

The UAE'’s efficacy could be preserved when scaled up

for industrial use.

b5 3 iy (5 ol (0 S guol gl ol gy i 5
Coltbo glS 4 oy lx ploj Wit g Bl (Wl 8 Wil e el
bl 58 ol (Son
Initially, purchasing ultrasonic equipment might be
expensive, and adjusting parameters like frequency,
power, and duration to achieve the required results could
be challenging.
b S gl gl o y20 53 (558,515 el ol (pSao ol Slgo
g Ol Vb Gad
Sensitive materials may degrade when exposed to high-
intensity ultrasound.
Sl (Son S gl 3 gl piamnsnns ¢ 0310 3 a8y a1 381 (2 Llg5 D929 b
bl ALl gz g S (551 S a5 plKin
Despite its ability to speed up processing, the UAE may
use significant energy when operating.
ey ol (5Sas g w55 5Lw LS 55 b Slgo plos b Cann! 5K
239 (S glaaol 5 (B 55
It might not be compatible with all materials or

substances. May result in the degradation of some
phenolic acids.
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Table 2: Comparison of different pectin extraction methods.
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Extraction method Advantages Disadvantages
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23yl Jelw _
When compared to traditional extraction techniques, 9 Lol lojl cunl Koo Sigulyilgl Sliatnd (e adsl ady 3
PUAE usually delivers larger pectin yields because of its S G paia |y Sz oS S plojle
superior solubilization and release from cell walls. The hefty initial cost of ultrasonic equipment may deter
9083 o0 (S | gyl yloj (kg8 S Hob & () ! smaller labs and organizations.
aB3 o a3l 1y wiaT )8 (6590 e aile) b ialyly 385 oudiss « PUAE b Galhao gl 4y oy g2
The method greatly cuts down on extraction time, 2ol Cawl (Koo a5 Cawl p3Y (Gl loy W g Wil5 3 (> g9
increasing process efficiency. b

ey gl b

Pulsed ultrasound laT iy 5 Cohe ol @l (ol gl gl o5 Ll To achieve ideal results with PUAE, rigorous parameter

5 Gobwds 4 b add e o5lal o &) g Sgub o Lk (uiSy (69 Ko adjusting (such as solvent type, frequency, and pulse
duration) is required, which can take time.

Lap dolsl pocdile ¢
O3l By wigii Bi> PUAE L b 5o U dlgo dad ol (ySow

Because pulsed ultrasound is mild, pectin’s quality and

functional qualities are preserved, allowing it to i Ll g STy (1,5 gigunl gl & ol (Soe
continue gelling and thickening. Not every material or contaminant may be eliminated
Ol (ol ST 1y 5 bl Al (g yieS (6551 B yearo sl (S0 with PUAE. Some people may respond negatively to
ultrasonography.

S (o0 ol S Aligny (6305518 Sl @ |y S5 o J S a9
It may be more energy-efficient because the pulsed
technique permits regulated energy delivery instead of
continuous exposure.

Ll 41 5l 9 ok 050923 (ansC Casly Loy 55T 51 o0l Tl il 2l 438 g 9l YU Wilgi o0 paasd o 3T 0y 5 450
S (o0 SoS wlwe Ol 5 i 4 aS g o0 (S LapS 33l
Enzymes break down cell walls under mild conditions, The cost of specialized enzymes can be high, raising
preserving heat-sensitive compounds. overall extraction expenses.
P Ol 5 gl ymml j0 1y 6 oy 6 iyl Ly 3T jloolistwl Lo a5 cawl Lod g PH wiile ooyl 4 astugly iy & Loy 3T codled
LSS o0 w2l )8 20,10 @0 J S @
_ Enzymatic extraction offers higher selectivity for Enzyme activity is highly sensitive to factors like pH and
o34l targeting specific compounds. temperature, requiring precise control.
Enzyme Slge 1L a4y (g %08 ol ()l p> Sl b9y &1 S o1 5T () Glo3 @ 4y 3l 5 bl ke Canl Sos oou 3T slasial
S (50 0yl Jlab -l Al (S 508 sy 4 G 5 SYsb
Compared to thermal methods, enzymatic extraction Enzymatic processes can be time-consuming and slower
causes less degradation of active compounds. than physical extraction methods.
4 45 0S5 (00 oS (oo G > S pao GalS 4 el g o) el 45 2,10 2929 gllaoli byl 5 Loy T s Jled . (Sl
ol oy buzmo g (ool @85 L0 o0 003k als’
This method often reduces chemical solvent use, Enzymes may become inactive under suboptimal
benefiting both safety and the environment. conditions, leading to lower yields.
1y stleasd Slg gl y5nl 005k (498 BB s9b & Wilgi oo PEF
4 o oS Conl F oy (G ‘5}“&5) A i g 920 38 G S (51 ol (Koo s Sl g 3 (5315 g lo s
Oy Fael, 8 B3l0 bl Ay 30 Sz oY
PE_F may greatly enhance the yi.el.d of extracted Investing in specialized equipment might be costly for
chemicals and is quicker than traditional procedures, small businesses.

resulting in more efficient processing.
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ulsed electric field i K . The usefulness of PEF to some plant sources may be
PE: lc.anthelpbtot protecF the .ltn;egrltt.y andt}:“”ty of limited since not all substances respond well to it.

elicate substances since it functions at lower -

132l & ol S s yloswo (2 S 31 |
temperatures. Gl & el (oo (S0 Sl b plane (5% 2o 3l e sl

4 G € agalsr ylo 3 Y ob e Job y3 Sl als (sle 2o wals 1) ojlas cotnS 9 Wil p ol wlee
ol a3l g3 S slalllao Excessive exposure to el.ectric fields may damage sensitive
R . . components, reducing the quality of the extract.
The dry solid content increased over the lengthier
“OFF” time as compared to the control studies.
i 1yl &) lguld a5 T 0519 41 (g2 Luowd Slgo gl il )5
.35 50 PEF o3l & cosl o MEF

When it comes to extracting chemicals, especially those

4 S (5 708 (5551 ol (S0 (S 1SN Glino b gito oo that are difficult to remove, MEF may not be as effective
S Gy YL b b Gl as PEF.
The moderate electric field strength may use less energy ! 35150 408 Gl (Ko 45 3,13 s (pol> Wl 4 ligas MEF
buwgie (S Il loago than higher-intensity techniques. el s PEF ag o (g y5aS oS gzmng o5 g cibly sl [
Moderate electric field i 1325 994 ool (poluws Sl 35 9 Slge (59 Wlgi oo MEF MEF still needs certain equipment, which not all facilities
NOW PRVIWETING J ) Py may have, even if it is less complex than PEF.

MEF can be used on fragile materials and chemicals o (BLS Mg b b ilo 4 Sgummo Cunsl (Koo MEF 51 o5 licis!

since it is less abrasive than PEF. cB lds (STe (T b s yd Ay ol (xS Slge dad [y 5 Wbl

The use of MEF may be restricted to particular plant
matrices or substances since not all materials may react
properly with it.
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Table 2: Comparison of different pectin extraction methods.
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It is an environmentally friendly and sustainable Specialized high-pressure equipment might be costly
extraction technique because SWE employs water as its initially.
‘ Il'lail‘l solvent insszj of haz?rqtus organi'c §0¥Yents. sl o oy G g walisd 5 b gy HLid 3 Lo (sl piolyly
Tl yril 005l 4 yoie el (g o) uxése-&-{;sx.%és-ﬂsuéy-’ w5 Jool>
b (e L) & Sl Fitg The temperature and pressure parameters must be
The technique’s improved solubility and diffusion often carefully adjusted to get the best extraction results.
lead to better extraction y;lelds than traditional & ol Slgo g yFcil (51 3 Cal G0 &5 Wil gy o)
- approaches.
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Subcritical water ) - Wl oy YL
extraction e Sl aial A - i
. . . This approach requires careful monitoring and is
SWE often extracts faster, increasing processing . . . . . .
T inappropriate for extracting thermo-labile chemicals since
efficiency overall. A .
. . R . sensitive molecules may break down at higher
alyolge By olg ol ol wlal p )LaS g Lod puliii b temperatures.
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adjusting the temperature anc pressure according to Not all compounds can be extracted using SWE; some
their solubility properties. . .
I o . - may need a different solvent solution.
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Because it reduces solvent waste, the method is
ec ical and ecologically safe.
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Uniform heating minimizes thermal degradation. ] YU adgl (55105 4 o yuo
oS (5 IS slbas 3 The initial investment is high.
o2l Glo 5 Lower maintenance costs. -1 ol g 5Wy @udo J S @ 5L
Ohmic heating cPoles wiulys 5 o Need for carefully controlled voltage and current.
Shorter overall processing time. - Sl ooz (5 iy bl
LBl Sgupe gl pFinl 003l Scalability is complex.
Improved extraction yields.
gyl 033l Sl -6 g 61 e e YL Lo
X X Increased extraction yield. High operation and maintenance costs.
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High-pressure . " o .
processing Minimal solvent use. Sensitive to variations in pressure.
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Better quality and purity of pectin. Scaling up is challenging.
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Dielectric barrier Suitable for keeping the integrity of pectin. Need for precise control of plasma parameters.
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Improved yield and purity.

Industrial scaling up is challenging.
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