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Abstract

Extracted pectins have been utilised in a number of applications in both the food and
pharmaceutical industries where they are generally used as gelling,atprkeners and
stabilisers, although a number of pectins have been shown to be bioactive. Theseduncti

properties will depend upon extraction conditions.

A statistical experimental design approach wesedto study the effects of extraction

conditions pH, time and temperature on pectins extracted®@uumis melo Inodorus.

The results show that the chemical composition is very sensitive to these conditidhata
this has a great influence on for example the degree of branching. Higher tanegerat
lower pHs and longer extraction times lead to a loss of e macid labile arabinofuranose
residues present on the pectin side chdihe fitting of regression equations relating yield
and composition to extraction conditions can therefore lead to-tadde pectins for specific

properties and/ or applications.

Keywords. Experimental design; extraction conditions; chemical characterisation; pectin;
melon



1. Introduction

Pectins are a family of heteropolysaccharides that constitute a large propdbtte primary

cell walls of dicotyledons and play important roles in growth dadelopment (Houben,
Jolie, Fraeyeyvan Loeyand Hendrickx, 2011). Extracted pectindave beenutilised in
applicatiors in both the food and pharmaceutical industvig®re theyare generally used as
gelling agents, thickeners and stabilisers, although a number of pectins have beemoshow
be bioactive (Inngjerdingemrt. al., 2007;Inngjerdingengt al., 2008; Grgnhaugt al., 2010
Adams,et al., 2011; Simpson and Morris, 2014

Pectic polysaccharides are made of several structural elenieatshosimportant of which

are the homogalacturonan (HG) and type | rhamnogalacturonanl) (R€gions often
described in simplified terms as the “smooth” and “hairy” regions respeaciiwlliams,
Cucheval, StrénandRalet, 2009). Themoothregions consist of 1;#inked a-D-galacturonic
acid (GalA) units which may be methylated at the carboxyl group at positiBiingk and
Voragen, 1970)Positions &2 and G3 can also be acetyl esterified though thidesss
common (Romboutsand Thibault, 1986). Interspersed along this GalA backbone are the
hairy regions made up of alternating-lidked a-D-GalA and 1,2inked a-L-rhamnose (Rha)
units, the latter having neutral sugar side chain substituents at position 4. These ahams ca
branched, of different lengths and mainly consist of galadi@s#) and (Ara) though the
presence of other sugars is possibigire 1).

Figure 1l near here

The changing nature gfectin composition between sources and even growing conditions
makes it relevant to characterise extracts feonumber of sourcesndeed, work has been
conducted on pectins extracted from a variety of sources inclUgliagilian cupuassu
(Vriesmann andPetkowicz, 2009), broccoli, tomatoes and carrots (Houbeal., 2011),
pomelo (Buranapsot, Soonthornchareonnon, Chaidedgumjorn, Hosoyarddoida, 2010),
peach pomace (FaravaahdAshtiani, 2008), sugar beet (LevignRaletand Thibault, 2002
Morris, Ralet, Bonin, Thibauland Harding, 2010; Morrisand Ralet, 2012a.5p and quince
(Thomas, Crépeau, Rumpunen and Thibault, 200@masand Thibault, 2002) but few
studies has been done to systematically work through the different membgismffamily

(Cucurbitaceae).



Cucurbitaceae are a family thatinclude pumpkins Kostalova, Hromadkova and
Ebringerova, 2013; Kost'dlova, Hromadkova Ebringerova, Polovka, Michaelsen and Paulsen,

2013, squashes (Noelia, Roberto, de JesmAlberto, 2011), gourdsHuang, Tan, Tan and
Peng 2011) and melonghis work aimed to investigate and characterise the components of
the pectic polysaccharides extracted from Honeydew m@oumis melo Inodorus or
muskmelon).The components and characteristics studied weuntral sugar and uronic acid
compositionand degree of esterification (DEA statistical experimentallesign approach
was chosen to study the effects of extraction pH, time and temperature ois pedtiany
interactions they may havg.evigne,et. al., 2002)in order topotentially maximise desired

characteristicg.g. yield, molar mass or degree of esterification

2. Experimental

Fresh honeydew melgi©€ucumis melo Inodorus)was purchased from the lo@lpermarket;
the seeds and any damaged ské@reremoved and the remaining skin ahesh grated. The
pieces were soaked in ethanol followed by acetone for a total of two days thendeftat

35 °C for three days to leave the alcohol insoluble residue (AIR).

2.1. Experimental design
A full factorial design was used establish all possible interactions of the studied parameters
and was set out in a Yates matrikable 1) using Minitab version 15 (Minitab Inc.,
Philadelphia, U.S.A.) Two levels (high and low)for three extraction parameterpH,
temperatue and time) were establishetthe lower level 1) corresponding to pH 1, 61C
and 2 hours and the upper leveil( corresponding to pH 3, 8@ and 4 hoursSamples A
through H wererepeatedand a centre poinfCP) chosen for comparison (pH 2, 7C, 3
hours).HCI was chosen as the single extraction adith the understanding that the type of
acid had no effect (at least in the case of sugar beet extraaiotis¢ pectin characteristics
(Levigne,et. al., 2002).

Tablel near here



2.2. Extractions
Extraction conditions were followed according to the factorial def@geTable 1). 1.5 ¢
AIR in 45 mL hydrochloricacid (pH 1 or pH 3)heated on &otplatewith magnetic stirring.
The final solution was theadjusted to pH 4.5 with B1 NaOH. Centrifugation was carried
out and the supernatant dialysed with @20 molecular weight cudff tubing (Sigma,
Gillingham, UK) against distilled water for 20 hourgith repeated changes prifreeze

drying.

23. FT-IR
Degree of esterification (DE) waslculatedusing infrared spectroscopy. Theharacteristic
peaks at approximately 1630 ¢rand 1750 cil relate to the vibration of esterified carbonyls
and free carbonyls respectively, the ratio of these areas (esterified to ttaaledkfrom
solid samples on a Nicolet 380 R (Thermo Fisher, Loughborough, UK) were

extrapolated using a calibration graph constructed from ratios of citruagpetknown DE.

2.4. High Performance Anion Exchange Chromatography coupled with Pulsed
Amperometric Detection

Sampleg2 mg were hydrolysed with M trifluroacetic acid TFA) at 121 °C for 2 hours
and dried under Nat 65°C then redissolved in 2 mL ultra pure wapgior to neutralsugar
and uronic acidcomposition analysis usinga Dionex ICS5000 HPAEGPAD system
(Thermo Fisher, Loughborough, UK). &5 mL/min flow ratewas usedhe first12 minutes
at 10 mM NaOH followed by a 0.05 minute sfepm 0-17 % 1 Msodium acetatan 150 mM
NaOH and the remainder of the runtla¢ upper limit of this gradierib elute any uronic
acidspresentA pre-run equilibration step of 10 minutes using 200 mM NaOH followed by

20 minutes of 10 mM NaOH was used to regenerate the column prior to each injection.

2.5. Satistical analysis
Data from experiments were analyzed uduhgitab version 15 (Minitab Inc., Philadelphia,

U.S.A)). Differences were considered significant &t(q05.



3. Resultsand Discussion

3.1. Yidd
Approximately 2.5«g of fresh honeydew melon tissue and skin yielddd%4of AIR. After
freezedrying thisyielded pectin in varying amountsetweer2.2 %and 7.9 %of AIR (Table
2) and could be fitted by equation (1).

Yield = 22.3- 15.3 pH- 0.097 Temp- 2.96 time + 2.68 pH+ 0.0430 pH*Temp + 0.75
pH*time + 0.0478 Temp*time - 0.0127 pH*Temp*time (1)
r’=0.93

These yields are very low compared to those obtained by Lewgak (2002) from fresh
sugar beetExtractionsconducted at pH 1 (A, C, E and @ave significantly (p < 0.05)
higheryieldswhich is consistent with the findings bévigne, et al. (2002).Both pH and p#
(in equation 1) had significant influences on yjefd = 0.029 and 0.014 respectively.

However, neither temperature nor time had a significant influence (p > 0.05).

A two phase mechanisfar the extraction of pectin from freshgh pomacéas previously
beenproposedihe first step being acid solubilisation of the pedthowed by a second
hydrolysis reaction wherehe pectinis degraded, lowering the yieldt longerextraction
times and onceaall the “extractable” pectin haseen exhausted the hydrolysis predominates
(Pagan and Ibarz, 1999).

3.2. Degree of esterification (DE)
Degree of esterification calculated from solid samples using IR spempywsind stretching
bands centred around 1630 tend 1750 cil (Manrique and Lajolo, 200Zjave DE values
betweend0 % (E) and75 % (F) with the majority being high DE (50 %) (Table 2) and
could be fitted by equation (2).

DE =137-57.7 pH- 0.86 Temp 37.4 time + 1.25 pF—I+ 0.662 pH*Temp + 21.9 pH*time +
0.375 Temp*time - 0.237 pHemp*time (2)
r=0.80

Although equation (2) fits the data reasonably wethne of the terms includedere

significant at the level p < 0.05, however the magbortanteffects are time (p = 0.265),
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pH*time (p = 0.320) and pH (p = 0.323).i$ worth roting that Levigneet al. (2002) found

this pHtime interaction to be the most significant factor when building the regression
equation fordegree of methyl esterificatiodi1). Nonethelessye can reasonably say that
lower pH(A, C, E and GYesults in dower degree of esterification and this correlates with a
higher yield Figure 2). The most likely explanation is that lower pH during the extraction

process contributes to de-esterification (Joye and Luzio, 2000).

Figure2 near here

3.3. Constituent sugar composition
Neutral sugar and uronic acid constituents were a quantified using HPABCthe major
componentsverearabinos€Ara), galactos€Gal), glucosgGlc), mannos€Man), rhamnose
(Rha)and galacturoniecid (Table 2). Glucuronic acid, fucoseytoseand glucosamine were
alsoindentified butwereonly presentin trace amounté< 1 mol %9. The sugar composition
is similar todifferent extract of melon previously reported (Rose, Hadfield, Labavitch and
Bennett, 1998DosSantos, Jiméne&raujo, RodrigueZArcos and Pablo Fernandé&zuijillo,
2011D).

The galacturonic acid content varied from-246 mo?% of theAlIR (Table 2) and could be
fitted by equation (3). Again none of the terms in equatia®@® significant at the level p <
0.05, however ta most important effects are ptb = 0.240) and pH (p = 0.262) and there is
no correlation between Gal A content and the yield as has been previouslgdé@perigne

et al., 2002).

Table2 near here

GalA=51.5-36.9 pH - 0.397 Temp - 6.6 time + 5.76 ptD.330 pH*Temp + 0.79 pH*time
+ 0.203 Temp*time - 0.044 pH*Temp*time 3)
r?=0.87

Rhamnose contents varied from-40 mol% of the AIR and a number of terms in equation
(4) were found to be significant including time (p = 0.018), temperature (p = 0.021) and
temperature*time (p = 0.034).



Rha = -36.3 + 7.43 pH + 0.660 Temp + 15.3 time + 2.16 pHD.225 pH*Temp- 5.28
pH*time - 0.186 Temp*time + 0.0638 pH*Temp*time 4)
r’=0.89

However we can see than average the rhamnose content is a factor of 2 higher at pH 1 than
at pH 3. This is indicative of different populations of pectins being extracted undeerdiffe
conditions. This has been proposed previously in the extraction of sugar beet pectin
(Levigne,et al., 2002) and is demonstratedrigure 3.

Figure 3 near here

Therefore pectins extracted at pH 1 (A, C, E and G) are richer in rhamnogaiactwhilst

pectins extracted at pH 2 andf richer in homogalacturonan.

Arabinose and galactesontents varied from 421 mol% and 16- 40 mol% respectively
andwerefitted by equations 5 and 6. The most significant extraction parameters iitirige f
of arabinose are time (p = 0.018), temperature (p = 0.024), pH*time (p = 0.044) and
temperatue*time (p = 0.049) and in the case of galactose all parameters except pH (p =

0.306) are significant.

Ara = 152- 30.6 pH- 1.91 Temp- 45.4 time- 5.41 pl—f + 0.641 pH*Temp + 16.4 pH*time +
0.506 Temp*time - 0.187 pH*Temp*time (5)
r’=0.85

Gal =-42.0 + 10.3 pH + 1.43 Temperature + 36.1 time + 6.121-|cﬂ7601 pH*Temp - 13.1
pH*time - 0.503 Temp*time + 0.186 pH*Temp*time
(6)

r’=0.99

Theratio of arabinose: galactose can yield some important information aboudehghains
in the rhamnogalacturonan regidfidure 4).

Figure4 near here



As we can see iRigure 4 as the process conditions become more hagstow pH coupled
with higher temperature and/ or longer extraction times leads to the lossbmfoaeaside
chains most probably due to their acid lability (BeMiller, 1967; Levighal., 2002; Morris
et al., 2010) and furanose structure (Wrolstad, 2012).

The data inTable 2 was used to generate an overall principal component score for each of
the samplesHigure 5). It can be seen clearly that the first component is clearly driven by
pH, whereas it is extraction temperatudgich is the main driver in second component.

Figure5 near here

Several sugar ratios can be calculated from the monosaccharide compositiber{jdbal,

2011) to reveal information regarding the pectin structlisble 3). The first is the ratio of

the pectin backbone sugar Gal A to the neutral sugars involved in side chains and istherefor
a useful tool to estimate the linearity of pectira{iB 1 in Table 3). Higher values of this

ratio are indicative of more linear pectins and although there is not avarésion in this

ratio we can see that pectins extracted at 60 °C (A, B, E and F) are generaihebasthan

those extracted at 7hd 80 °C. Interestingly our values for this ratio are similar to those for
the water soluble pectins from broccoli florets of 0.64 but very different to othéngec
extracted under the same aqueous conditions, having values ef438L(Houben et al,

2011). Ratio 2 is defined as the proportion of Rha to Gal A and is therefore indicative of the
contribution of RG to the entire pectin population. Lower values of this ratio aretindio&

less branched pectins and again the results suggest heavdiiduatastructures very similar to
those of the highly branched water soluble pectin extracted from broccoli fldmibén et

al, 2011).

Ratios 3 and 4 compare the amount of sildain sugars to Rha as an estimate ofdhgthof

RG-I branching. Thes ratios are again typical of highly branched structures which are easily
solubilised from the cell wall even at the relatively mild conditions studied hdme. fis in

well with the relatively high degrees of esterification (Houbenal, 2011). Ratio4
differentiates itself in that it helps to establish the length of the galactose aide phesent

in the RG regionhighe values being consistent with a longer sugar ch&atio 5 compares

the amount of typical pectin components to anyextractats, in this case glucosand



mannoseand as we can see frdfigure 6 when harsher extractions conditions (C, E and G)

are used the extract becomes more enriched in pectin.

Figure 6 near here

Ratios 6— 8 assess the severity of the extraction conditiop comparing the presence of
labile arabinose to galacturonic acid, galactose and rhamnose, respectifedge three
ratios are consistent wiffigure 4 in that low pH (pH = 1) coupled with higher temperature
and/ or longer extraction times.. E andG) results in the hydrolysis of the arabinan side
chains which is perhaps consistent with the two phase mechanism for datiextof pectin
proposed by Pagan and Ibarz (1999) the first step being acid solubilisation of time pecti
followed by a second hydrolysis reaction where the pectin is degraded.

Table3 near here

The mol % of neutral sugars and GalA can further be used to calculate the % of key pecti
regions HG and R@ (Table 3). The ratio of HG:R@& gives us some information which is
complementary té-igure 3, where we can see that pectins extracted at pH 2 and 3 (B, D, F,
H and CP) are richer in HG pectirslthough their RG regions aren some casemore
branched The only exception is pectin G which appears to also be rich in HG regions, but it

is expected that this is due to complete lack of arabinose.

4. Conclusions

Pectins from melon Qucumis melo Inodorus) were extracted under a number of
experimentally designed extraction conditions. The results show that #maiceah
composition is very sensitive to these conditions and that this has a great infnefare
example the degree of branching. gkiertemperaturglower pHand longer extraction time
lead to a loss of the more acid labile arabinofuranose residues present on the geectin si
chain. The fitting of regression equations relating yield and composition to ewtract
conditions can therefer lead to tailomade pectins for specific properties and/ or
applicationslt is alsoexpected that these extraction conditions will also have an influence on

molar mass (M), intrinsic viscosity, fj] and conformation and any potential bioactivity.
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Table 1. Full factorial design using levets and 1 for pH 1 and 3, 60 °C and 80 °C and 2 and
4 hours respectively Level 0 has the centre values of pH 2, 70 °C and 3 hours.

Sample | pH | Temperature | Time
A -1 -1 -1
B 1 -1 -1
C -1 1 -1
D 1 1 -1
E -1 -1 1
F 1 -1 1
G -1 1 1
H 1 1 1
CP 0 0 0
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Table 2. Experimental values for yield, degree of esterification (DE), nestrghr (Rha,

Ara, Gal, Glc and Man) and galacturonic acid (GalA) composition of pectinaceedr

according to a full factorial design.

Pectin Yield DE Sugar content (mol % of AIR)
(% AIR) (%) GalA Rha Ara Gal Glc Man

A [63+02[54+7P°] 24+3 | 5+2| 21+ | 32+P |12+2| 5+
B |24+02[59+2°] 28+2 [ 4+ | 14+ |21+P [17+P |12+ 7
C |67+£14|56+2°(29+10°| 9+2 [8+11°%36+F9[11+P| 4+1°
D [34+02|68+2°| 431 | 41| 12+1 [ 16+1L |12+zP| 8+ 7
E |61+04]40+6 | 31+7 [10+P| 1+1" |40+ [ 81| 471
F [22+02|75+16| 28+1 | 41| 15T | 21+2P |16+ |12+
G (79184717 | 43+P | 9+ | 1x1° | 31+22 | 71 | 371
H [3620f| 704 | 4625 |4+ | 11+ [18+2°|10+PF|[6+ 2P
cP 2.1° 572P 28 42 16° 21° 16° 12

Means of each attribute followed by different letters in the same colurt) éae

significantly different (p < 0.05).
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Table 3. Composition ratios and pectin region % based on the mol % quantifiable neutral sugataauabge acid.

L ‘Ratio | , . e °Ratio | °Ratio | °Ratio
Ratio 1 Ratio 3 Ratio 4 Ratio 5 % HG | % RG-I
2 6 7 8
Linearity of Contribution of | Branching _ _ h HG:RG-
) ; Co-extractants Severity of extraction GalA 2Rha |
Pectin pectin RG of RG + Ara
GalA Rha | Ara + Gal Gal Rha + Ara + Gal + GalA | GalA | Gal Rha | —Rha + Gal
Rha + Ara+ Gal | GalA Rha Rha Glc + Man Ara Ara Ara

A 0.4 0.21 10.6 6.3 4.8 11 15 0.2 19 63 0.3
B 0.7 0.14 8.8 5.3 2.3 2.0 15 0.3 24 43 0.6
C 0.5 0.31 4.9 4.0 55 3.6 4.5 11 20 62 0.3
D 1.3 0.09 7.0 4.0 3.8 3.6 1.3 0.3 39 36 11
E 0.6 0.32 4.1 4.0 6.9 31.0 | 40.0 | 10.0 21 61 0.3
F 0.7 0.14 9.0 5.3 2.5 19 14 0.3 24 44 0.5
G 1.0 0.21 3.6 3.4 8.4 43.0 | 31.0 | 9.0 34 50 0.7
H 14 0.09 7.3 4.5 4.9 4.2 1.6 0.4 42 37 11
CP 0.7 0.14 9.3 5.3 2.5 1.8 1.3 0.3 24 45 0.5

A larger value is indicative of more linear/ less branched pectins

A smaller value is indicative of more linear/ less branched pectins

3A larger value is indicative of larger average size of the branching side chains

“A larger value is indicative of larger average sizéhefbranching side chains excluding arabinose

°A larger value is indicative of a “more pure” pectin extract

®A larger value is indicative of more severe extraction conditions and lossbifi@iuranoside (Afjresidues
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Legendsto Figures
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Figure 1. Schematic structure for pectin: galacturonic aeig galactose (®); arabinose (7 );
rhamnose ( L)) sAdanpted, framupecez, Rodrigu€aravajal and Doco
(2003) and MorrisGarcia dda Torre, Ortega Castile, Smith an#larding (2008)
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Figure 2. The intefrelationship between yield and degree of esterification (DE) for pectins

extracted fronCucumis melo Inodorus Letters represent the samples describ&dabie 1.
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Figure 3. The relationship between galacturonic acid (GalA) to rhamnose (Rha)mdtibex

yield for pectins extracted from@ucumis melo Inodorus Letters represent the samples

described inmable 1.
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Figure 4. The arabinose: galactose ratio as function of rhamnose content for pettatied

from Cucumis melo Inodorus Letters represent the samples describddhbie 1.
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Figure 5. Principal component scores for pectin extracted f@@umwumis melo Inodorus.

Letters represent the samples describedlable 1. The first component is positively
correlated with degree of esterification, arabinose, glucose and mannose swhersacond
component is positively correlated with yield, rhamnose, arabinose, galagtosose and

mannose.
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Figure 6. The effect of extraction conditions on the “purity” of the pectins extracted fr

Cucumismelo Inodorus Letters represent the samples describdchbie 1.
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