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Enzymatic Degradation of Cell Wall Polysaccharides from Mango

(Mangifera indica L.) Puree
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Ripe mango puree (Smith cultivar) was treated with fungal polysaccharidases containing pectinolytic,
hemicellulolytic, and cellulolytic activities for 2 h at 50 °C. A loss of 30% of the cell wall material
(CWM) was measured. CWM polysaccharides were hydrolyzed to varying degrees: 88, 65, and 65%
of, respectively, galacturonic acid-, arabinose-, and rhamnose-containing polymers were hydrolyzed,
whereas 50% of cellulose was degraded. After 30 min of treatment, the ethanol precipitation test
on the serum was negative, indicating that pectic substances were rapidly hydrolyzed. Oligogalac-
turonic acids (degree of polymerization, 1—12) were observed in the serum. A viscosity drop of 90%
was measured after 2 h, confirming the dominant role of pectic substances in puree viscosity.

Keywords: Mango; Mangifera indica L.; cell wall polysaccharides; enzymatic treatment; viscosity

INTRODUCTION

Mango (Mangifera indica L.), a highly prized tropical
fruit, is fragile, and significant postharvest losses occur
in producing countries due to inadequate handling,
transportation, storage, and ripening practices (Medli-
cott et al., 1986). Most of the world production of
mangoes is consumed raw as a dessert fruit, and only a
small proportion is processed into nectars, juice powder,
fruit bars, canned mango slices in syrup, chutneys, and
pickles (Sreenath et al., 1995). A reduction of posthar-
vest wastage could be achieved by greater use of
processing, in particular to produce intermediate food
ingredients such as purees suitable for reuse by the fruit
and vegetable industry.

Mango puree is highly viscous and consistent and
therefore requires a preliminary enzymatic treatment
to break down cell wall polysaccharides (mainly pectic
substances) to reduce viscosity before further processing.
Commercial enzyme mixtures, including pectinases
and cellulases, have been successfully applied to mango
pulp (Sreenath et al., 1995; Bhattacharya and Rastogi,
1998). However, even if pectic substances are thought
to play a major role in mango puree consistency, to our
knowledge, there has been no detailed study on the
enzymatic degradation of mango cell wall polysaccha-
rides.

The aim of our study was (i) to characterize cell wall
polysaccharides from a puree of a commercial mango
cultivar and (ii) to study how fungal polysaccharidases
affect these constituents, and thus puree viscosity,
during an enzymatic treatment.
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MATERIALS AND METHODS

Preparation of the Puree. Fruits from the commercial
monoembryonic Smith cultivar were harvested at the precli-
macteric green mature stage in the IDEFOR experimental
orchard at Korhogo (Ivory Coast) and rapidly air-freighted to
our laboratory. Full ripening was obtained under ethylene as
described by Ollé et al. (1996). A puree was prepared by
removing the skin and the kernel of ripe fruits from a
homogeneous batch (200 kg) with a rotating pulper (H. P.
Auriol S.A., Marmande, France) equipped with a 6 mm screen
and then further refined through a 1 mm screen (yield ~ 60%/
fruit weight). The puree was stored (12 months) in polyeth-
ylene bags at —20 °C before subsequent processing.

Enzymatic Treatment of the Mango Puree. A sample
of frozen refined mango puree (30 kg; 18.3 °Brix) was gently
thawed in a cold room (4 °C, 72 h), brought to room temper-
ature, and then gradually heated to 50 °C under constant
stirring in a jacketted closed tank (total duration ~ 1 h). To
the warm puree was then added 38 mL of a mixture (1:0.3:
0.075, v/viv) of three commercial enzyme preparations, Rapi-
dase CPE (Gist Brocades France S.A., Seclin, France) and
Celluclast 1.5 L, and Pectinex Ultra SP-L (Novo Ferment
Nordisk Ltd., Basel, Switzerland), and the slurry was incu-
bated at 50 °C for another 2 h under constant stirring. Aliquots
were taken at each step of the process [starting puree (A) and
puree after 30 min (B) and 2 h (C) of enzymatic treatment],
immediately frozen at —50 °C, and kept at —20 °C until they
were analyzed.

Isolation of Cell Wall Material (CWM). Puree aliquots
(A—C; 10 g each) were thawed in 50 mL of cold HEPES buffer
(40 mM, pH 7.0, 4 °C) (Huber, 1991), thoroughly homogenized
in a Potter Elvehjem homogenizer, and centrifuged (13500g,
4 °C, 30 min), and the pellet was thoroughly washed with
HEPES buffer with intermittent centrifugations. CWM was
obtained by treatment of the pellets with buffered phenol
(Huber, 1991; Ollé et al.,, 1996) and further destarched
(Brillouet et al., 1988). CWM was dried by solvent exchange,
stored overnight in a vacuum oven (50 °C, 9 kPa) under P;0s,
weighed (0.01 mg accuracy), and cryomilled in liquid nitrogen
(=196 °C) with a Spex 6700 freezer mill (Spex Industries Inc.,
Edison, NJ) for 5 min at top impact frequency.

Analytical Procedures. Neutral monosaccharides were
released from CWM (5 mg) by hydrolysis with 2 M trifluoro-
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Table 1. Characteristics of Commercial Enzymatic
Preparations

type of preparation

Rapidase Celluclast Pectinex
CPE? 151Lb Ultra SP-L2
proteins (mg/mL) 0.70 70 11.3
activities (nkat/mL)°
pectin lyase 21515 (44536)
polygalacturonase 13 (359)¢ 350 (2901) 24659 (51044)

pectin methyl
esterase
endoglucanase®

1517 (41930) 6000 (12420)

63 (1741) 4270 (35398) 721 (1492)
cellobiohydrolase 10 (21)
f-glucosidase 140 (1161) 172 (356)

a Marcelin (1992). ® Massiot et al. (1989). ¢ 1 nkat = 1 nmol of
substrate degraded/s. 4 VValues in parentheses are nkat for 30 kg
of puree. & Carboxymethylcellulose as substrate.

acetic acid (TFA) for 75 min at 120 °C (Albersheim et al., 1967).
They were also submitted to Saeman hydrolysis as described
by Hoebler et al. (1989), using 72% (w/w) sulfuric acid for 3 h
at 25 °C and then 1 M sulfuric acid for 2 h at 100 °C. Sugars
were then derivatized into their alditol acetates (Blakeney et
al., 1983) and analyzed by GC according to the method of
Hoebler et al. (1989) with inositol as internal standard. Uronic
acids were measured without de-esterification after prelimi-
nary dissolution in concentrated sulfuric acid according to the
m-phenylphenol procedure (Blumenkrantz and Asboe-Hansen,
1973; Ahmed and Labavitch, 1977) using galacturonic acid as
a standard. Proteins (N x 6.25) were determined according to
a micro-Kjeldahl procedure (Bietz, 1974). Oligogalacturonic
acids were analyzed in the serum (13500g, 4 °C, 30 min) of
samples A—C by high-performance anion-exchange chroma-
tography (HPAEC) as follows: 25 uL of 5-fold-diluted serum
was injected onto a Carbopac PA-1 column (0.4 x 25 cm;
Dionex) fitted with a Carbopac PA-1 guard column (0.4 x 5
cm) and eluted at 1 mL/min on a Dionex 300 chromatographic
system (PAD detector) using 100 mM NaOH/1 M sodium
acetate. The conditions were as follows: 0 — 15 min, isocratic
elution at 90:10 (v/v) and injection at 5 min; 15 — 35 min,
linear gradient to 50:50 (v/v); 35 — 60 min, linear gradient to
30:70 (v/v); 60 — 70 min, linear gradient to 100% 1 M sodium
acetate. ldentification of oligogalacturonic acids was achieved
by using two methods: injection or co-injection of diluted serum
aliquots with either a mixture of commercial pure mono-, di-,
and trigalacturonic acids (Aldrich-Sigma Chimie, St. Quentin
Fallavier, France) or a mixture of higher oligomers [up to
degree of polymerization (DP) of 20] obtained by limited
hydrolysis of polygalacturonic acid with a purified endopo-
lygalacturonase (endo-PG) (Pellerin et al., 1996). 1,4-Linked
o-D-oligogalacturonides were also located on the chromato-
grams and differentiated from visible unknown peaks and
artifacts by extensive digestion of a serum aliquot with the
above purified endo-PG. Concentrations of mono-, di-, and
trigalacturonic acids were determined with titrated solutions
of commercial standards. Having determined the PAD detector
response factors of these three standards, concentrations of
higher oligomers were tentatively estimated by attributing to
them the response factor of the trimer. Apparent viscosity of
aliguots A—C was measured at various shear rates using a
Haake VT 550 (Berlin, Germany) viscosimeter (25 °C) fitted
with a coaxial cylinder sensor system NV.

RESULTS AND DISCUSSION

The mango puree was treated for 2 h at 50 °C with a
mixture of commercial enzymatic preparations, various
activities of which are shown in Table 1. The pectin
methylesterase/polygalacturonase ratio was adjusted to
~1 for maximum hydrolysis of the pectic backbone (Le
Quéré et al.,, 1986). The level of g-glucosidase was
sufficient to prevent inhibition of endoglucanase activity
by cellobiose liberated by cellobiohydrolase activity.
Nonetheless, partial inhibition of the p-glucosidase

Ollé et al.

Table 2. Composition? of CWM from the Starting Puree
(A) and from Puree Samples after 30 min (B) and 2 h (C)
of Enzymatic Treatment

starting  puree after puree after

puree (A) 30 min (B) 2h(C)
yield (%) 1.0 0.8 0.7
rhamnose® 0.2 0.1 0.1
fucoseP 0.7 0.6 0.6
arabinose® 1.4 0.7 0.7
xylose® 4.1 3.4 3.1
mannose’ 3.2 2.6 1.7
galactoseP 2.5 1.9 2.1
glucose (noncellulosic)? 7.4 8.0 10.0
glucose (cellulosic)d 23.6 17.8 16.8
uronic acids 16.5 5.1 2.8
proteins 18.9 315 33.4

a Percent of dry matter. ° Values from TFA hydrolysis. ¢ Values
from Saeman hydrolysis. @ Obtained by difference between Sae-
man and TFA hydrolyses.

activity was expected due to the presence of glucose
(0.5%/fw) in the puree. Other side activities (o-arabino-
furanosidases, -galactosidases, etc.) were also present.

Yield and composition of CWM were obtained for the
starting puree (A) and the purees after 30 min (B) and
2 h (C) of enzymatic treatment, and the results are
shown in Table 2. Sample A had a CWM content similar
to those previously obtained for other mono- and poly-
embryonic cultivars (Ollé et al., 1996). However, its
protein content was surprisingly high compared to the
9.4%/CWM found in CWM prepared 12 months earlier
from Smith puree just after delivery of the fruits. This
doubling of CWM protein content is entirely responsible
for the increase of puree CWM content observed after
12 months storage at —20 °C (1.0%/fw versus 0.84%).
Additional nonwall proteins were found in samples B
and C, total proteins representing up to one-third of
CWM. This might be due to the denaturation of soluble
nonwall proteins during heat treatment (total duration
of ~3 h at 50 °C) and these proteins becoming resistant
to the CWM purification procedure.

The polysaccharide composition of CWM from cv.
Smith (sample A, Table 2) was very similar to those
from two other monoembryonic mangoes, Amélie and
Palmer cultivars, particularly with regard to their
uronic acids content (~13—17%) and the presence of
noncellulosic glucose (~8%) (Ollé et al., 1996). Degrada-
tion of insoluble CWM was measured after 30 min
(sample B) and 2 h (sample C) of enzymatic treatment
(Table 2). Compared to the starting puree (A), samples
B and C contained lower proportions of CWM, and
because the weight of the puree used in the experiment
(30 kg) remained unchanged (no evaporation), the
hydrolysis/solubilization of CWM could be calculated as
~20 and ~30% after 30 min and 2 h, respectively.

Sugar analysis of CWM in samples A—C (Table 2)
allowed calculation of the percentage of hydrolysis/
solubilization of each monosaccharide, which could
reflect to some extent the cell wall polysaccharides
having undergone depolymerization. Taking into ac-
count the CWM percent yield of the different samples
(A—C), 76 and 88% of uronic acids (i.e., acidic pectic
substances) were eliminated from the walls after 30 min
and 2 h, respectively. Rhamnose and arabinose, two
monosaccharides mainly associated with acidic (rham-
nogalacturonans) and neutral (arabinans and ara-
binogalactans) pectic substances (Aspinall, 1980), were
also extensively degraded after 30 min and 2 h (65% in
both cases). All other neutral sugars disappeared from
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Figure 1. HPAEC analysis of 1,4-linked a-p-oligogalacturonic
acids (DP 1—12) generated by the enzymatic mixture at times
0 (a), 30 min (b), and 2 h (c).

the CWM to various degrees, except for noncellulosic
glucose, which probably belongs to dicotyledonous hemi-
cellulosic xyloglucans (Aspinall, 1980) and which re-
mained unchanged. Only 40 and 50% of the cell wall
cellulose were degraded after 30 min and 2 h, respec-
tively. Mango flesh mainly consists of parenchymatous
cells with thin walls but also contains some secondary
lignified elements (Ollé et al., 1996), the weight of
which, as a proportion of total CWM, is unknown. It is
therefore likely that lignin-encrusted cellulose of these
cell types was resistant to cellulolysis. Furthermore, the
glucose content of the puree (0.5%) was high enough to
partially inhibit the g-glucosidases in the enzymatic
mixture.

Acidic degradation products (oligogalacturonic acids)
resulting from the action of pectinases on cell wall pectic
substances were also analyzed by HPAEC (Figure 1).
The serum of the starting puree (A) (Figure 1la) con-
tained some galacturonic acid and other unknown
compounds but virtually no oligogalacturonic acids.
After 30 min (sample B, Figure 1b), galacturonic acid
had slightly increased and higher oligomers of DP 2—6
became visible. After 2 h (sample C, Figure 1c), 1,4-
linked a-p-oligogalacturonic acids up to DP 12 were
apparent, and the level of galacturonic acid had greatly
increased. Tentative quantification of mono- and oligo-
galacturonic acids after 2 h gave a total of 0.6%/puree
fresh weight. This should be compared to a maximum
of 0.53%/fw present in the puree of the Smith cultivar
(soluble and insoluble pectic substances expressed as
anhydrogalacturonic acid; Ollé, 1997). This confirms
that soluble and insoluble acidic pectic substances were
entirely hydrolyzed after 2 h of treatment to low DP
fragments, as is also indicated by the negative ethanol
precipitation test on the serum.
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Figure 2. Rheogram of the puree at time 0 (M) and after 30
min (a) or 2 h (O) of enzymatic treatment.

Viscosity fell by 84 and 90% (measured at a shear rate
of 250 s71) after 30 min and 2 h of treatment, respec-
tively (Figure 2). Similar figures (70—90%) have been
reported by Sreenath et al. (1995) and by Bhattacharya
and Rastogi (1998) after treatment of purees from
various mango cultivars with commercial pectinases
alone or in association with cellulases. Our results show
that the treatment of mango puree with industrial
amounts of commercial pectinases and cellulases al-
lowed almost complete hydrolysis of pectic substances
and a very large fall in viscosity after only 30 min of
treatment, whereas cellulose was only partly hydro-
lyzed.
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