
Carbohydrate Research, 242 (1993) 315-321 
Elsevier Science Publishers B.V., Amsterdam 

315 

Note 

Reexamination of composition and physico-chemical 
characteristics of water-soluble pectic substances 
from guava (Psidium guajava L.) 

Odile Marcelin, Luc Saulnier, Pascale Williams and Jean-Marc Brillouet * 

Institut National de la Recherche Agronomique, Institut des Produits de la Vigne, Laboratoire 
des PolymZres et des Techniques Physico-Chimiques, 2 Place Viala, F-34060 Montpellier (France) 

(Received March 3rd, 1992; accepted in final form September 18th 1992) 

We recently described the extraction and characterisation of water-soluble 

pectic substances from guava (Psidium guajuva L.)‘. We have since begun techno- 

logical studies of the enzymatic treatment of guava purees and found that the 

intrinsic viscosities and degrees of methyl (dm) and acetyl (da) esterifications of 

native pectic substances found in whey from untreated puree (i.e., total water-solu- 

ble pectic substances) were inconsistent with the previously published values. The 

origin of the guavas was not in question since all the studies were conducted on the 

same homogeneous collection of guavas ’ harvested in Cameroon in 1989. We 

report here a complete reexamination of the composition and physico-chemical 

characteristics of water-soluble pectic substances from guava. 

Water-soluble pectic substances were extracted from formerly’ and newly 

prepared alcohol-insoluble residues (AIR) from endocarp and mesocarp; no differ- 

ences were observed between the preparations. The compositions of crude and 

acidic pectic substances are given in Table I. Neutral pectic substances (NP), which 

are very minor components by weight, were not considered in this study. The yield 

of crude pectic substances from endocarp (CP-endo) was almost identical to the 

previously published value, while a slightly higher yield was obtained from CP-meso. 

Acidic pectic substances (AP-endo and AP-meso) represented 67 and 62% of the 

dry matter of the corresponding CP, while recoveries of uranic acids after ion-ex- 

change chromatography were 82 and 79%, respectively. The monosaccharide 

compositions of CP were close to the previously published data’, while differences 

were noted in AP. Although the uranic acid contents were similar, AP-endo and 

AP-meso contained much less neutral sugar than formerly observed’, and the 

(arabinose-galactose) ratios were lower. 
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Methanol and acetic acid were previously determined by HPLC? after treat- 

ment of polysaccharides with 0.4 M NaOH in 1 : 1 water-2-propanol (1 mL) for 2.5 

h at ambient temperature. For comparison purposes, WC have determined methyl 

and acetyl contents of C‘P and AP by other tcchniques’~’ and also by HPL(.‘. A 

good agreement was observed between the different tcchniqucs. Methanol anti 

acetic acid contents were found 10 be totally different from the previously pub 

lished values’. Roth AP had similar dm values, while AP-meso was a little more 

acetylatcd than AP-endo. 

The acidic pectic substances had a similar low content of prcltein. a reasonably 

good agreement being noted between Kjeldahl, Lowry, and arnincl acid detcrmina- 

tions. Their amino acid compositions (Table II) wcrc similar. scrine, glutamic acid. 

glycinc, and ornithinc being enriched relative to crude pcctic substances which 

were contaminated by cytoplasmic proteins. Their hydroxyprolinc content was low. 

The intrinsic viscosities of purified pectins (API wcrc found to bc totally 

different from the previously published values’. and AP-cndo was approximately 

twice as viscous as AP-mcso. We have checked that the viscosity mcasurcments 

were not modified by the prescncc in the solvent of‘ 0.05 M EDI‘A. The intrinsic 

viscosity of total crude wntcr-soluble pectic substances (TPS) from guava pulp was 
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TABLE II 

Amino acid composition of water-soluble crude pectic substances (CP) and their corresponding acidic 
(AP) fractions 

Endocarp 

CP AP 

Mesocarp 

CP AP 

Aspartic acid a 11.6 

Hydroxyproline 2.4 

Threonine 8.8 

Serine 9.5 

Glutamic acid 8.9 

Proline 4.0 

Glycine 9.5 

Alanine 12.2 

Valine 5.6 

Cysteine 0.5 
Methionine 0.6 

Isoleucine 3.5 

Leucine 7.0 

Tyrosine 2.4 
Phenylalanine 2.9 

Lysine 5.1 

Histidine 1.9 
Arginine 3.1 
Omithine 0.5 

Ammonia b 16.6 

8.0 12.5 6.1 
4.6 1.9 2.6 

6.0 9.7 8.1 
17.7 9.8 19.5 

12.5 8.1 13.3 

4.1 4.0 3.5 

13.2 12.9 14.5 

9.9 11.7 11.1 
3.6 5.4 4.0 

4.4 3.0 
3.4 6.1 
1.4 2.1 
1.9 2.7 
2.7 4.8 

1.9 2.0 
1.3 3.1 
3.4 0.2 

18.7 12.3 

0.3 

2.2 

3.7 

1.6 

1.8 

2.2 

1.6 
1.2 

2.7 

10.0 

’ Relative mole ratio. b % of total nitrogen calculated from amino acid and ammonia content. 

close to that of AP-meso, as expected from the relative amounts of fresh mesocarp 
and endocarp in guava fruit5 and the predominance of mesocarp pectins (80% 
w/w of total water-soluble pectins). Thus, the viscosity of guava juice is mostly 
determined by the proportion of mesocarp in guava. 

Size-exclusion chromatography of each AP on Sephacryl S400 HR (Fig. 1) 
showed, contrary to previously published chromatograms’, highly polydisperse 
material eluting at a far lower K, than former equivalent fractions. Uranic acids 
and neutral sugars were distributed without noticeable separation between the 
void volume (partial exclusion) and K,, 0.8. Similar chromatograms were observed 
in HPSEC (Fig. 21, both pectins exhibiting molecular heterogeneity, and AP-endo 
displaying higher hydrodynamic volume than AP-meso in accordance with its 
higher intrinsic viscosity. 

Since no particular separation occurred in size-exclusion chromatography, 
methylation structural analyses of neutral side-chains were performed on whole 
AP-endo and AP-meso (Table III). The relative proportions of the sugars calcu- 
lated either from analyses of the alditol acetates or partially methylated alditol 
acetates were in excellent agreement, and the terminal/branched sugar ratios 
were close to 1. Distribution of methyl ethers was basically similar to that observed 
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Fig. 1. Size-exclusion chromatography on Sephacryl S400 HR of acidic pectic substances from guava 

endocarp (AP-endo) and mesocarp (AP-meso): n , uranic acids; 0. neutral sugars. 

in the formerly described AP’, showing the presence of Ninked arabinans, with 
some 3- and 2,3-branch points, and of type II arabinogalactans. 

We have searched for a plausible cause of such discrepancies with regard to 
previously published data. Considering that major differences involved dm, da, [T], 
and size-exclusion chromatograms (hydrodynamic volumes), limited saponifica- 
tion-B-elimination could have occurred if the 1 M acetate buffer (pH 4.8) used for 
recovery of AP from DEAE-Sephacel had not been adjusted to pH 4.8 with acetic 
acid. Having rc-purified AP accordingly, we did not find any differences with the 
present results, and other attempts to explain former erroneous data were also 

I 

15 

Time (min) 

Fig. 2. HPSEC of acidic peck substances from guava endocarp CAP-endo) (--- 1 and mesocarp 
CAP-meso) (, .). 
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TABLE III 

Methylation analysis of acidic water-soluble pectic substances (AP) from guava endocarp and mesocarp 

Methyl ether Endocarp Mesocarp 

2,3,4-Me,-Rha a 4.3 b 4.2 
3,4-Me,-Rha 4.3 3.7 

3-Me-Rha 2.3 1.6 

Rha 0.4 0.6 
Total 11.3 10.1 

(11.6)’ (10.8) 

2,3,4-Me,-Fuc 0.9 1.0 

(1.1) (1.2) 

2,3,5-Me&a 23.2 24.0 

2,3,4-Me&a 0.6 1.9 

2,5-Me,-Ara 4.0 6.0 
3,5-Me,-Ara 1.1 2.6 
2,3-Me*-Ara 13.7 16.6 

2-Me-Ara 8.2 8.3 
Ara 3.1 3.6 
Total 53.9 63.0 

(52.5) (63.1) 

2,3,4-Me,-Xyl 1.4 1.1 
2,3-Me,-Xyl 0.4 0.9 

Total 1.8 2.0 

(2.1) (2.3) 

2,3,4,6-Me,-Gal 1.6 1.3 

2,4,6-Me,-Gal 5.9 4.6 

2,3,4-Me,-Gal 1.9 3.2 
2,3,6-Me3-Gal 1.1 1.1 
2,6-Me,-Gal 1.3 1.0 

2,3-Me,-Gal 0.8 1.0 

2,4-Me,-Gal 11.1 7.1 
2-Me-Gal 1.3 0.7 

Total 25.0 19.8 

(25.0) 09.0) 

2,3,4,6-Me,-Glc 2.6 0.8 
2,3,6-Me,-Glc 0.7 1.1 

2,3,4-Me,-Glc 1.0 0.4 
2,3-Me,-Glc 0.7 0.8 
Total 5.0 3.1 

(7.0) (3.0) 

2,3,4,6-Me,-Man 1.4 
2,3,6-Me,-Man 0.7 0.8 

Total 

(Z, (:I, 

Terminal-branched ratio 1 .oo 1.16 

LI 2,3,4-Me,-Rha denotes 1,5-di-O-acetyl-2,3,4-tri-0-methylrhamnitol, etc. b Relative mole ratio. ’ Val- 

ues in parentheses are based on analysis of alditol acetates. 



320 0. Marcelin et al. / Carhohydr. Re,s. 242 (19931315-321 

unsuccessful. Data published here are in accordance with figures we obtained on 
guava puree, and could be considered as more representative of guava pectic 
substances. The hypothesis’ that low molecular weight pectins could have arisen 

during the maturation process from precursors through degradation by endoge- 
nous endopolygalacturonase and pectinmethylesterase is no longer valid. 

We have shown that water-soluble acidic pectic substances from guava endocarp 
and mesocarp (at the “turning stage”), although being rather similar in composi- 
tion, have different hydrodynamic volumes and intrinsic viscosities. Thus, the 
relative weight proportion of endocarp and mesocarp in guava fruits might influ- 
ence the viscosity of the final processed juice. 

EXPERIMENTAL 

Plant material and alcohol-insoluble residues - Alcohol-insoluble residues from 

guava (cv. Supreme) endocarp and mesocarp were prepared as previously de- 
scribed’. Guava pulp (corresponding to edible portions of guava, i.e., endocarp + 
mesocarp) was prepared as follows: liquid nitrogen-frozen fruits were allowed to 
thaw up to 4°C cut into pieces, gently homogenised for 1 min in a Waring Blendor, 
then exhaustively sieved on a 2-mm screen (elimination of seeds and skin frag- 
ments). 

Water-soluble pectic substances. - Crude water-soluble pectic substances were 
re-extracted from alcohol-insoluble residues (AIR) of guava endocarp and meso- 
carp (CP-endo and CP-meso) as already described’. Total water-soluble pectic 
substances (TPS) were also obtained from cold guava pulp after centrifugation 

(lOOOOg, 15 min, 4°C) by treatment with trichloroacetic acid (7.5% final concen- 
tration, 4”C), centrifugation, neutralisation by 5 M KOH, dialysis, and freeze-dry- 
ing. 

lon-exchange chromatography. - Substantial amounts of acidic pectic sub- 
stances from guava endocarp and mesocarp (AP-endo and AP-meso) were pre- 

pared by submitting crude water-soluble pectic substances (CP) to ion-exchange 
chromatography on DEAE-Sephacel as previously described’. 

Size-exclusion chromatography. - A solution of each AP (3 mg) in 0.05 M 
sodium acetate buffer (3 mL, pH 4.8) that contained 0.2 M NaCl was applied to a 
column (90 x 2.2 cm; V,) 80 mL, V, 186 mL) of Sephacryl S400 HR equilibrated 

with the same buffer and eluted at 95 mL/h. Fractions (4 mL,> were analysed for 
uranic acids and neutral sugars as already described’. 

Acidic pectic substances were also analysed (2.5 mg/mL; 20 PL injected) on a 

HPSEC system constituted of 2 Shodex OH-pack columns (KB-803, KB-8051, 
eluted with 0.1 M LiNO, at 1 mL/min from a Waters 510 HPLC pump. with 
on-line refractive index detection (ERMA-ERC 7512 detector thermostated at 
40°C). 

Viscosity measurements. - Intrinsic viscosities ([T]) of AP-endo (3 mg/mL), 
AP-meso (4 mg/mL), and TPS (4 mg/mL) in 0.05 M acetate buffer (pH 4.81 
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containing 0.2 M NaCl were determined at 24.K with an automatic Schott Gerate 
AVS 400 viscometer (flow time of the solvent was 93.54 s). 

Analytical methods. - All methods have been previously detailedlp5. Nitrogen 
was measured by the Kjeldahl procedure and amino acids were analysed according 
to ref 6. 
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