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Purification and Analysis of Pectins

Jae-Kwan Hwang
Korea Food Research Institute, Kyonggido 463-420, Korea

Abstract

Pectins present in the primary cell walls and middle lamellae of plant cell walls are extracted by water,
chelating agents, acid or alkali solutions. However, some neutral contaminating components are extracted in
conjunction with pectins during the extraction process. Thus, the accurate characterization of physi-
cochemical properties of pectins necessitates to get rid of the impurities. In this review, dialysis, alcohol
precipitation, ion exchange chromatography and metal precipitation were compared as procedures to purify
the pectin extracts. In addition, the chemical methods to analyze pectins are discussed in terms of three
major chemical constituents, i.e., anhydrogalacturonic acid, methoxyl groups and neutral sugars.
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Al e g AxzA e AXAEY (primary cell
walho| v} 4| . A}o] 9] E7kE(middle lamellae)ol| 4]
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o2 ¥ £ 9lon, o] 5L Table 14 vJeh) ufe} 3
o] 47} o} & et FAAAE 28 o] FoiA i)

ZFZ 2 (Main backbone)

Hele] 234 F2 D-Z g5 Z4HD-galacturon-
ic acidyS°] 84d #4255 24 (anhydrogalactur-
onic acid)®] Felz A a-(1,4) A§e) 2sid AAE
o] 9low, o7el F7F F7F L-Fx 2.~ (L-rhamnose)
7h a-(1,2) A2 2 A= o slepe. A F7A 4 4
HF-Zo] g 7Aool st FrorE FF
AAE F3 AAste gle Zo) ozl A4
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A+ Fx28% 293 (thamnogalacturonan) X]|g 2.8
Glolalnh, 1Y) ol F B ex Aol ajed %
®HE2}= 24A % 333 (orderd conformation)& 2+=]
Z3ln] A A xo] §AA (flexibility) g ¥-§35t=
Aoz wudgh.

E§ AL E 2432} 7184 (carboxyl groups)
K v &2 (methanol)3} o] 28] 2 (esten) & A3l
2 ASE el A X244 o Ad 238 A X (degr-
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21554 & Sex, AYA Y FHSA E 9%
lAE 29022 v A giep . o) dtellw A ¥ et
E24ke] 4417] (hydroxyl group : ~-OH)& o} A& 3}

(acetylation)=] ¢} 9l o] E& 53] Al (sugar

Table 1. Structural characteristics of pectins™'”

beet) ol FYH 02 YA, YA 2 2 o]
£ oD (acetyl groupsii= AW A YYFHE
A A2 FAA Y.

Z M (Sidechains)

Al o] &4 o= D-ZE 2~ (D-galactose), L-o}
2} . @ & (L-arabinose) % D-ZA 2 2 A (D-xylose),
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& FAGe] A/, o) FAFL A8 FF
o @& 424 dZH e e D-ZZ2EL
29} L-olglu| = 0 ~ 0] A fdl= f-(1,4) Ajtoz o
A% gk (galactanioly} a-(1,5) Ao FAH
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2ek (arabinogalactan)®] 8213 el 2.4 W7 ),
a4 Zekgde A9 4332 (linear structure)d X
o]} ofz}u|y} (arabinan)& A33] 7}A| -2 (branch-
ed structure) & vehll & 222 8 B E g, wela
H el &= 3134 o]A A (chemical heterogeneity)s}
7] (bulkiness)?] F7}17] tz4 EA& = A& ¢
o). Hel o) 2= F 2 FF4 9 rhamnogalac-
turonan A& o) £ 3hE Fr o2} C-4 AFE $3t
o FHAT o A7 o] gl aeld Hd B
2471 A9 &x3}1A] ¢+ homogalacturonan ¥-2-&
“smooth region” . & uid o] )22 27} AAE
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Table 2. Composition of pectins from sugar-beet pulp®”

Galacturonan
Rhamnogalacturonan

Main backbone

Major sidechains Arabinan
Galactan
Arabinogalactan

Minor sidechains B-D~-Xyl-(1,3)~
o-L-Ara—(1,3)-

B-D-Gal-(1,2)-B-D-Xyl-(1,3)~
o-L-Fuc—(1,2)~-B-D-Xyl-(1,3)-
D-Api-(1,3)-D-Api-(1~
B-D-GlcA-(1,4)-L-Fuc~(1-
B-D-GIvA-(1,6)-D-Gal-(1-

Components WSP OXP HP OHP
AGA (% w/w) 54.40 7790 65.10 54.90
Methoxyl(% w/w) 7.24 8.19 7.09 0.72
Neutral 16.50 5.70 1890 24.30
Sugars (% w/w)
Rhamnose 0.89 0.86 2.25 3.17
Arabinose 8.44 1.85 9.97 12.49
Xylose 0.14 0.16 0.17 0.23
Mannose 0.18 0.14 0.12 0.00
Galactose 6.46 243 5.93 8.09
Glucose : 0.39 0.21 0.44 0.31

*WSP : water-soluble pectins ; OXP : oxalate-soluble pec-
tins ; HP : acid-soluble pectins ; OHP : alkali-soluble pectins
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Table 3. The total neutral sugar content (% w/w) of sidecha-
ins present in different pectin fractions of plants™

Pectins* WSP OXP HP OHP
Cabbage 349 25.7 nd** nd
Carrot 17.8 nd n.s 14.3
Cherry 47.13 15.9 18.2 15.0
Grape berries 25.4 14.5 13.4 124
Sugar beet 15.6 4.8 16.7 2141

*WSP : water-soluble pectins ; OXP : oxalate-soluble pec-
tins ; HP : acid-soluble pectins ; OHP : alkali-soluble pectins
**not determined
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Fig. 2. lon exchange chromatography of unpurified slow-set

apple pectins (SS) and slow-set pectins purified by
cupric ions (SSP)*”.
After pectin sample loading (10mg), the column was
washed by 0.05M acetate buffer (pH 4.8). Bound ma-
terials were eluted by a finear acetate gradient at pH 4.
8(0.05~0.8M). Fractions (3ml) were assayed for neutral
sugars (— 0 -) and anhydrogalacturonic acids (— = -).

Table 4. Chemical compasition of apple pectins purified by
dialysis or metal precipitation*”

1% Acid __|
alcohol

or
EDTA —

— Culll)

™ Cu(ll)- EDTA

®— coo-
®— coo-
@ Pectins

®)>— coo-
®— coo-

Samples®
Components
D MA MC
AGA (% w/w) 65.8+2.8° 74.8+1.7 71.1%+2.7
Methoxyl (% w/w) 7.4+0.2 8.1+0.1 8.1+0.1
DE (%) 63.8+3.4 61.5+1.8 64.7+2.6
Methoxyl
Sugars (% w/w) 17.5+1.7 71404 12.1+0.6
Rhamnose 4.0+0.8 2.7+0.2 3.1+04
Arabinose 0.9+0.1 0.4+0.1 0.8+0.2
Xylose 1.940.3 1.34+0.2 29+0.3
Mannose 0.2+0.1 - -
Galactose 9.3+0.7 24+0.3 4.7+0.2
Glucose 1.2+0.3 0.34+0.1 0.6+0.1

[E] Free neutral polysaccharides

Fig. 1. Schematic representation of pectin purification by
metal precipitation.

2 Pectin samples are prepared as follows : sample D (dialysis) ;
sample MA (Cu(ll) precipitation and 1% acid alcohol treat-
ment) ; and sample MC (Cu () precipitation and EDTA treat-
ment)

® Mean +standard deviation (based on three replications)
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gl o] E(alditol acetate) 2 X &3}= Aoz dex 9}
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2 A3 3A S vehfigdch 194 dx e~ (aldo-
se)oll &) 5+ 4| 5] =7](aldehyde group : -CHO)&=
sodium borohydride2} 7+-2- ZH A & o] £-3)o] AU &
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o} Al g} ¢] E (alditol acetate) 2. 2] g+3}u}. vk o] 7}2 B
A71E 233 24 (uronic acid)gl A $oll= G E &
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Blakeney %2 BAgt 71&9 U] E ofAEo]E
€Hy0M coom
HO o, wo o
POLYSACCHARIDE ————pn oM HoH + K on oM
oM on

D-GALACTOSE D~GALACTURONIC ACID

sodium sodivem
CHaOmn borohydride cHom borohydride .

HO L]

HO o
oM on
CH,0m €oon

oULCITOL L--GALACTONIC ACID

acellc hydrochioric
snhydride acid
CH,0H

on
€K, 0AC

OAC o Mo
oM
ACO
L o
aco
oaC L-GALACTONO -1 4~ LAC TONE
CH0AC '
sodium
outcitor CH, oM borohydride
MEXAACETATE oM
MO
~O
oM
CH,0H
DuULCITOL
acetic
snhydride
4 Cr,0AC
OAC
Aco
ACO:
oAC
Cr,0AC
puLCiToL
HEXAACETATE

Fig. 3. Reactions involved in the production of alditol acetate
derivatives from D-galactose and D-galacturonic
acid™.

AgAAE NAT N2 FEA FAAubE-& i)
o AExHEA L] dFFE S35 2= o159
W2 FAZE A% $Rste Alxg Ealdle 4 A
45} A o2 AGAS| v)ste F FAdge] gk
ol Aon B3] Yo A FEFOA FIOA T3
Zo] gfo] Wl AL FAGE X33l HRde
Z A &5A ekt @tebs Hwang 5 Blakeney
502 W & MAE] "] S G 244 AR &
Ze g 2eEiglen, o) F Fig. 44 el
] WS ALS-8te] ALzt gl o] FA G5 He)3 A=)
€ Fig. 5o veht=dl, AAId A2 Hwang 5
o &35t MeEAct GC o]z FE A2 X
FA el AH HPLCHME o] 48t FAFE 243}
= W = AMg-Eld.
el A A& AGASL 5438 HPLCY GCE o] 4
o] A o o] F A E-S Fedt ¥ 44 g A
Falo v agAed 29E xS Ut} 32 Mats-
uhashi & &£4F o] 43t H¥lg oA Jl14
g F HPLCE o] 431 AGAS} $A38 A4 &4
e W& Bustgch a2 o] A9 FA3e

Weigh 5mg of pectin samples or prepare the standard solution of
sugar mixtures
' .
Add 100y of 0.1% (w/w) m-inositol solution as an internal
standard and dry
!
Treat with 100ul of 24N (72% w/w) sulfuric acid for 60min at
room temperature
|
Add 1.1ml of deionized water and hydrolyze for 3hr at 100°C
under N2z atmosphere (hydrolysis)
!
Cool and neutralize with 200ul of 12.0N ammonium hydroxide
!
Dry and add 200¢l of 1N ammonium hydroxide
l
Mix with 1.0ml of 2% (w/v) sodium borohydride dissolved in
dimethyl sulfoxide and incubate for 2hr at 40° C (reduction)
o
Mix with 100ul of glacial acetic acid
!

Mix with 200ul of 1-methylimidazole and 2.0ml of acetic
anhydride, respectively, and place for 30min at room
temperature (acetylation)

|
Mix with 4ml of deionized water and 2ml of dichloromethane,
respectively ‘
!

Analyze the lower organic layer by GC

Fig. 4. Preparation of alditol acetate derivatives for the neu-
tral sugar analysis of pectins®.
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3s 40 4s s0 55

Retention Time {(min)

Fig. 5. Gas chromatogram of apple pectin”.
Alditol acetate derivatives were prepared according to
the procedures as shown in Fig. 4. The GC peaks were
identified as follows ; 1, rhamnose ; 2, arabinose ; 3,
xylose ; 4, mannose ; 5, galactose ; 6, glucose ; 7, m-
inositol.
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