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The seeds of the main Italian carob varieties, Latinissima and Tantillo, and those of two selected
accessions of Latinissima were evaluated in terms of yield, rheological properties, and sugar
composition of the endosperm (LBG). The separation of the seed components in Latinissima and its
seedlings yielded meanly 52.2% gum, 17.4% germ, and 30.5% tegument, whereas Tantillo furnished
a lower gum yield (38.5%) and a higher yield of tegument (45.8%). The viscosity of 1% LBG aqueous
solutions was measured at different shear rates (3-60 rpm), pH values (3.0-6.0), and temperatures
(10-60 °C). The best results were shown by Latinissima, whereas Tantillo provided always the poorest
thickening capacity. The content of free simple sugars and sucrose in the raw flours, the total
monosaccharide residues after acidic hydrolysis, the mannose/galactose ratio, and the distribution
of polysaccharides by size exclusion chromatography accounted for the observed viscosities. The
seeds of Latinissima showed the highest technological potential.
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INTRODUCTION

Carob is a typical tree of the semiarid environments in the
Mediterranean area. It produces edible pods used as a fodder
for breeding cattle; it has also a long history of application as
a source of health products (1). Improvement of the living
standard in the past decades caused a reduction of production
and a gradual disappearance of carob trees in southern Italy
and Sicily. Cultivation is concentrated in the Ragusa district
(Sicily), where 70% of the Italian carob fruits are produced (2).
Nowadays, carob is exploited prevalently for the industrial
transformation of the seeds, for obtaining a flour called locust
bean gum (LBG), used as thickening agent in food preparations
because of its ability to form viscous solutions and to stabilize
emulsions and dispersion (3). The European Codex classifies
LBG as a fully accepted food additive for human use (E 410).

The carob fruit contains about 90% pulp, rich in sucrose,
glucose, cellulose, and tannins, and 10% seeds (1). The seed
endosperm consists prevalently of galactomannan, the polysac-
charide responsible for thickening properties, which is able to
give synergic interaction when used in combination with other
charged polysaccharides (4-7).

Galactomannans are neutral energy reserve polysaccharides
made of a linear chain 1f4 linkedâ-D-mannopyranosyl units,
with R-D-galactopyranosyl residues 1f6 joined as irregularly

spaced side chain (3). The galactose distribution in the mannose
linear chain controls the rheological properties of LBG; in
particular, a higher mannose/galactose ratio (M/G) leads to
higher thickening ability (8) and influences solubility (9),
mechanism, and temperature of gel formation (7). Galactoman-
nans exist as not greatly soluble “random coils”; for this reason
high temperature and vigorous agitation are required for their
complete dissolution in water, to achieve the best water-binding
capacity. Carboxylated, hydroxylated, and phosphate derivatives
of galactomannans have been prepared to increase solubility
(4).

Recent studies increased the knowledge of the other carob
constituents. Pinitol (O-methyl inositol) was identified in the
pulp and used as a marker to ascertain adulteration of cacao by
carob pulp flour (10). Composition of the lipid, protein, and
phenol fractions was studied in the seed germ (11). Volatile
components of aroma were separated and identified, and
methylpropanoic and hexanoic acids were recognized as the
most important contributors to the carob flavor (12). Various
C-glycosyl- andO-glycosyl-apigenines were identified in the
seeds (13). The level of condensed tannins and gallotannins was
determined in pulp and seeds (14). Roasting effects of pulp and
seeds on the composition of the aromatic fraction were
investigated (15, 16). Utilization of the seed oil to prepare alkyd
resins was also reported (17).

In previous papers we reported the distribution of fatty acids
and phytosterols in the carob seed oil (18) and evaluated the
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morphological traits of the fruits of the most widespread Italian
genotypes, Latinissima and Tantillo, and of some seedlings of
Latinissima (19). The present work originated from the interest
of the food industry in LBG, which is produced using the seeds
of all available carob varieties. However, if the heterogeneity
of varieties is not relevant for using the pod flour as a source
of sugar and flavor in confectionery, it could be important for
using the seeds, because the higher is the yield and quality of
LBG, the higher is the value of the seeds. Moreover, considering
that past selections of carob tree were made to favor the “pulp”
character and reduce the “seed” one (20, 21), it is useful to
know which carob variety today present in the territory is more
suitable for yield and rheological properties of LBG, with the
aim of selecting new genotypes able to satisfy the market
requirement. The goal of this study is the knowledge of the
technological potential of the seeds of Latinissima and Tantillo,
evaluating the results in terms of structure-property relation-
ships.

MATERIALS AND METHODS

Seed Characterization.Four samples of carob seeds were inves-
tigated: one of the Tantillo hermaphrodite variety (T), one of the
Latinissima female variety (L), and two seedlings of Latinissima
belonging to our department collection, designated LM and LS. The
moisture of the seeds was determined by drying in an oven at 70°C
for 15 h to constant weight. The volume and weight of seeds were
determined by filling a graduated cylinder to 100 mL; seeds were
weighed and computed. The separation of endosperm (germ and gum)
from the external tegument was performed by hand, after the seed
treatment in boiling water for 45 min and storage in the same water
for 12 h at room temperature. After hulling, germ, gum, and tegument
were dried in an oven at 70°C for 15 h to constant weight, to refer
yield of each component to 100 g of dry seeds. All of the measurements
were carried out in triplicate runs.

Flour Preparation and Viscosity Measurements.Dry gum was
ground with a cutmill (model MF10, IKA, Staufen, Germany) with a
grid of decreasing diameter and sieved using test sieves (model BS
410) to obtain a fine flour of 106µm (140 mesh). Standard aqueous
solutions for viscosity measurements were prepared as follows: LBG
(1 g) was added to 100 mL of citrate/citric buffers (pH 3, 4, 5, 6); the
suspension was heated to 85°C under stirring at 500 rpm for 5 min
and then at 1000 rpm for another 25 min in the thermostated bath.
After cooling, the viscosity values (cps) were measured at constant
temperature (10-60 °C) with a rotational viscometer (model Visco Star
R, Selecta, Milan, Italy), using different spindles (R2-R3) and shear
rates (3-60 rpm).

LBG Sugar Composition. Monosaccharide composition was de-
termined after acid hydrolysis of polysaccharides using trifluoroacetic
acid (TFA) and transformation of the monosaccharide residues in
volatile trimethylsilyl-oxime derivatives by treatment with hydroxy-
lamine and hexamethyldisilazane (HMDS), as previously described (22,
23). Advantages of this method are the relatively short reaction time,
the simple sample handling, and the inexpensive reagents. The popular
methodology of sugar transformation in volatile alditol acetates (24)
was not used because fructose forms both glucitol and mannitol acetates
epimers. Mannitol acetate is also formed from mannose, thus causing
an overestimation of the actual content of mannose, which is misleading
in the determination of the mannose/galactose ratio.

Separation, identification, and quantification of monosaccharides and
sucrose were performed by GC-FID by comparison with a mixture of
standard sugars (galactose, rhamnose, glucose, arabinose, mannose,
xylose, fructose, and sucrose). The analysis of the standard mixture
was performed as follows: in a vial, 10 mg of each sugar was added
to 2 mL of Stox reagent (25 mg/L hydroxylamine and 6 mg/L phenyl-
â-D-glucopyranoside as GC internal standard in pyridine as a solvent).
The solution was heated for 30 min at 75°C, and then 1 mL of HMDS
and 0.1 mL of TFA were added. The reaction mixture was mixed for

30 s and stored for 30 min. After addition of isooctane to a known
volume, the solution was ready for GC analysis. An HP instrument
(model 5890) was used under the following conditions: column, HP
5% MS (L 30 m, i.d. 0.25 mm, film 0.25µm); oven temperature, initial
isotherm, 50°C for 1 min, gradient, 10°C/min to 120°C, 2°C/min up
to 200 °C, and 10°C/min to 280°C, final isotherm, 280°C for 10
min; helium as gas carrier at a linear velocity of 9 cm/s; injector, 270
°C; detector, 300°C.

Total free and bound monosaccharides in the flour were determined
according to the following procedure: LBG flour (50 mg) and TFA (1
mL) were heated in a vial at 100°C for 60 min; the solution was dried
in rotavapor at 45°C, and 2 mL of Stox reagent was added to the dry
residue. This solution was dried in an oven at 75°C for 30 min, and
hence the same procedure described for the standard sugar analysis
was followed. The free monosaccharides and sucrose were determined
in LM and T samples by an analogous procedure, but without using
the first step of acid hydrolysis by TFA.

Free and bound sugar determinations were performed in duplicate
runs and analyzed twice by GC. Deviation from the mean value does
not exceed(8%.

The reaction between monosaccharides and hydroxylamine yielded
two oxime stable stereoisomers because of the hindered rotation around
the newly formed carbon-nitrogen double bond. Both isomers remained
after silylation of OH groups; therefore, two peaks for each sugar
appeared in the gas chromatogram: the former, at lower retention time
due to theanti isomer, and the latter to thesynone (Figure 1). The
two peaks of xylose, rhamnose, and fructose were well separated, and
quantitation of each sugar was performed by summing up the
corresponding peak areas. Glucose, mannose, and galactose showed
also two peaks, but the second was accidentally isochronous for the
three sugars, as it was ascertained by preliminary experiments analyzing
various standard sugar mixtures. The relative contribution of each of
three syn stereoisomers to the total area of the second peak was
calculated with a series of calibrated determinations. Sucrose showed
only one peak due to the silylated derivative, because it cannot form
oxime being acetal in structure.

Size Exclusion Chromatography.The size exclusion chromatog-
raphy apparatus consisted of a Waters 515 HPLC pump connected to
a prefilter, a guard column, two TSK-Gel PWXL G4000 and G5000
columns, and a Waters 410 differential refractive index detector. The
eluent was water purified by a Simplicity system from Millipore. The
columns were calibrated with pullulan molecular weight standards
(Shodex) and ethylene glycol (0.1% w/v). Samples to be analyzed
were dissolved (0.1% w/v) and filtered through 0.45µm disposable
syringe filters, and 100µL was injected. The flow rate was 1 mL/min.
The signal from the detector was sampled by a DAC interface and
recorded and elaborated with the GPC for Windows software from
ChemWare.

RESULTS AND DISCUSSION

Table 1 reports the weight and number of seeds in 100 mL;
it reports also the yield of germ, gum, and tegument referred to
100 g of dry seeds. The weight ranges from 86.3 g for T to
90.1 g for LS. The number of seeds varies from 414 for L to
600 for T. The seeds of L are bigger and heavier than those of
the other samples, in particular, the mean weight of a single
seed changes from 0.14 g for T to 0.21 g for L. The yield of
germ does not show relevant variations, whereas yield in gum
changes from 38.5% for T to 53.0% for LM. Such a difference
is reflected in the yield of tegument, which is maximum in T
(45.8%) and minimum in L (29.0%). The best variety for the
gum yield is Latinissima, whereas Tantillo is the worst. Other
advantages of Latinissima are the seed yield (19), the big size
of the seeds, which makes the hulling process easier, and the
minor amount of tegument that is a byproduct.

Barbagallo et al. (23) studied the seeds of 16 Sicilian carob
cultivars to evaluate morphological characteristics and percent-
age of endosperm. Our results range within the reported mean
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values; in particular; the cv. Latinissima, which can be as-
similated to Gibiliana (synonym), is similar with regard to the
seed weight and gum yield, but it furnished a major percentage
of tegument.

Garcia Ochoa and Casas observed that apparent viscosity of
LBG aqueous solution increased with increasing solubilization
temperature, and this behavior was related to difference in the
molecular weight of polysaccharides dissolving at various
temperature, which produced a different mannose/galactose ratio
in the solution, from 2.56 (25°C) to 3.57 (80°C). Therefore,
we dissolved all LBG samples at 85°C to perform a homo-
geneous comparison of viscosity measurements and M/G
ratio.

Figure 2 shows the viscosity values (cps) of 1% LBG
solutions (w/v) measured at 20°C and pH 5 according to shear
rate. LM furnishes the highest viscosity and T the lowest.Figure
3 shows the variation of viscosity at 20°C when the pH is
changed from 3.0 to 6.0, using a shear rate of 20 rpm. LM
induces the highest viscosity at all pH values, whereas T gives
systematically lower viscosity values. In all cases a maximum
value is observed at pH 5. As galactomannans are neutral
polysaccharides this behavior can be ascribed to the presence
of charged contaminants (proteins), which can modify the ionic
strength of the solutions depending on pH value.

Figure 4 shows the temperature effect on the viscosity of
solutions at pH 5; differences among the samples are enhanced

at 10°C and decrease with increasing temperature, as expected.
The solutions of T flour look in all aspects the less viscous.

The content of polygalactomannans and the M/G ratio are
the main factors in determining the thickening properties of
LBG: a higher M/G value indicates a major linearity of the
polymer (low number of galactose side chains) and a greater
“effective volume” of the macromolecules (3). To correlate the
observed viscosity with the above parameters, total free and
bound monosaccharide residues were identified and quantified
after acidic hydrolysis of the raw flours (Table 2).

Mannose is the predominant sugar, with a level of∼40% in
the samples of L, LM, and LS and∼20% in T. The content of
galactose is∼10% in L, LM, and LS, whereas a minor amount
is found in T (7.1%). Xylose varies from 18.5% in T to 13.9%
in L. Glucose, fructose, rhamnose, sucrose, and traces of ara-
binose are also present. The total sugars content is∼80%, except
for T (62.7%). The M/G ratio is near 4 for L, LM, and LS and
<3 for T. The low quantity of mannose in T flour, together
with the low M/G ratio, accounts for the reduced thickening
capacity. It is reasonable to argue that mannose and galactose
are the products of acid hydrolysis of polygalactomannans,
whereas glucose and fructose come from hydrolysis of sucrose.
As far as the foreseen 1:1 ratio for these sugars is concerned, it
can be hypothesized that the lower concentration of fructose
relative to glucose could be ascribed to faster degradation of
the former during the acidic hydrolysis treatment (25).

Figure 1. Gas chromatogram of standard sugars after derivation with hydroxylamine and hexamethyldisilazane.

Table 1. General Characteristics of Carob Seeds of Different
Genotypesa

sample L LM LS T

wt of 100 mL of seeds (g) 89.6 (0.4) 88.0 (0.5) 90.1 (1.1) 86.3 (0.7)
seed no. in 100 mL 419 (18) 444 (7) 437 (7) 600 (8)
seed moisture (%) 3.7 (0.6) 5.8 (0.4) 6.7 (0.7) 4.4 (0.6)
yield of germ on dry

seeds (%)
18.2 (0.3) 17.9 (0.4) 16.1 (0.6) 15.6 (1.9)

yield of gum on dry
seeds (%)

52.8 (1.0) 53.0 (0.2) 50.8 (0.7) 38.5 (1.5)

yield of tegument on
dry seeds (%)

29.0 (0.7) 29.2 (0.2) 33.2 (1.3) 45.8 (3.4)

a Mean value of triplicate runs. Standard deviation in parentheses.

Table 2. Total Content of Monosaccharides and Sucrose (Grams per
100) of Raw LBG of Different Genotypes after Acidic Hydrolysisa

sample L LM LS T

xylose 13.9 15.8 15.4 18.5
rhamnose 1.9 2.1 2.8 1.8
fructose 4.6 4.6 5.5 5.8
galactose 9.9 10.0 10.3 7.1
mannose 40.0 40.4 38.2 20.8
glucose 6.8 6.5 7.5 7.5
sucrose 1.9 1.9 1.8 1.1
total sugars 79.0 81.3 81.5 62.6
fructose, glucose, and sucrose 13.3 13.0 14.8 14.4
M/G 4.0 4.0 3.7 2.9

a Mean values from duplicate experiments and duplicate GC determinations.
Deviation does not exceed ±8%.
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These results are roughly similar with those of the literature
(9) relative to mannose, galactose, and glucose; in fact, the
reported percentages are 45.5, 14, and 5.1%, respectively (M/G
3.3), but remarkable differences are observed for other sugars:
a much higher level of arabinose (33.9%) and a lower content
of xylose (1.7%), whereas rhamnose, fructose, and sucrose were
not reported.

Table 3 reports the content of free monosaccharides in the
unhydrolyzed LBG. The results confirm the above hypothesis.
In fact, the raw flours contain∼20% of total free sugars (17.4%
for LM and 23.6% for T) represented prevalently by sucrose
and by small amounts of rhamnose, glucose, and fructose. These
sugars do not give any contribution to the thickening properties,
whereas mannose, galactose, and xylose affect the rheological
properties, being constituents of the polysaccharide structures.
In particular, xylose is the monomer unit of pentosans, the
presence of which in LBG has been recognized for a long time
(26). The total amount of fructose, glucose, and sucrose is
slightly higher in the unhydrolyzed flours than in the hydrolyzed
ones because of partial thermal degradation in the acidic medium
(25).

The polysaccharide distribution of LM and T raw flours and
of a sample of a refined commercial LBG was analyzed by gel
permeation chromatography (GPC). The distribution of the
molecular weights (MW) was calibrated using solutions of
known MW standard pullulans.Figure 5 shows the superim-
posed chromatograms of LM and refined flours, whereasTable
4 reports other informative chromatographic data. Two peaks
occur in the gel permeation chromatograms: the first, at lower
retention volume, due to polysaccharides (mean MW) 2.7 ×
106) and the second corresponding to a mean MW of 520. The
ratio between the peak areas of the commercial refined flour is

Figure 2. Viscosity values (cps) of 1% LBG aqueous solutions at pH 5 and 20 °C versus shear rate (spindle R2).

Figure 3. Viscosity values (cps) of 1% LBG aqueous solutions at 20 °C versus pH value (spindle R2 at 20 rpm).

Table 3. Content of Free and Bound Monosaccharides (Grams per
100) of LM and T Raw LBGa

LM T

sugar free boundb free boundb

xylose 15.8 0.9 17.6
rhamnose 2.7 1.4
fructose 1.1 1.7
galactose 0.5 9.5 7.1
mannose 40.4 0.8 20.0
glucose 1.6 3.0
sucrose 11.5 15.8
total sugars 17.4 65.7 23.6 44.7
fructose, glucose, and sucrose 14.2 20.5

a Mean values from duplicate experiments and duplicate GC determinations.
Deviation does not exceed ±8%. b Calculated by difference between total (Table
2) and free sugar contents.
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higher than the raw flours, because the low molecular weight
components have been largely removed by the flour refinement.

In conclusion, Latinissima was the most suitable variety for
LBG production, owing to the yield and size of the seeds and
the yield and quality of the flour. The best thickening properties
are measured for the LM seedling, according to the higher value
of M/G ratio and the lower content of sucrose. Although the
mean molecular weights of polysaccharides are almost the same
in all samples, the level of polysaccharides is higher in
Latinissima. The seeds of Tantillo are less suitable with regard
to all considered aspects. It is relevant to emphasize that
Latinissima produces only female flowers and requires pollen
of other genotypes to bear fruits; for this reason, farmers seeking
new carob plants prefer the hermaphrodite Tantillo variety,
which is worse with regard to technological potential. Divul-
gence of the present results might contribute to the reversal of
such a trend.

ACKNOWLEDGMENT

We thank IDEA (Noto, Italy) for supplying a refined commercial
LBG sample and Dr. Salvatore Impallomeni (Istituto di Chimica
e Tecnologie dei Polimeri, CNR, Catania, Italy) for GPC
measurements.

LITERATURE CITED

(1) Spina, P.Il Carrubo; Edagricole: Bologna, Italy, 1986.
(2) Pecorino, B. Analisi e prospettive del mercato delle carrube e

derivati.Atti del Congresso Internazionale “Il carrubo, situazione
attuale e prospettiVe di sViluppo”; Ragusa, Italy, 2001.

(3) Belitz, H. D.; Grosch, W.Food Chemistry; Springer-Verlag:
New York, 1999.

(4) Garcia-Ochoa, F.; Casas, J. A. Viscosity of locust bean (Cera-
tonia siliqua) gum solutions.J. Sci. Food Agric. 1992,59, 97-
100.

Figure 4. Viscosity values (cps) of 1% LBG aqueous solutions at pH 5 versus temperature (spindle R2 at 20 rpm).

Figure 5. Gel permeation chromatogram of a commercial refined LBG and LM raw flour.

Table 4. Comparison of GPC Data between the Raw Flour (LM and T) and a Refined Commercial Flour

LM T commercial flour

GPC peak I GPC peak II GPC peak I GPC peak II GPC peak I GPC peak II

retention volume (mL) 10.1 20.6 9.9 20.7 10.1 20.6
molecular weight 2.6 × 106 508 2.7 × 106 552 3.0 × 106 510
area (%) 80.8 18.2 75.4 17.2 89.3 8.7
peak area sum (%) 99.0 92.6 98.0
peak area ratio 4.4 4.4 10.3

Locust Bean Gum from Carob Varieties J. Agric. Food Chem., Vol. 52, No. 26, 2004 7929



(5) Kok, M. S.; Hill, S. E.; Mitchell, J. R. Viscosity of galactoman-
nans during high-temperature processing: influence of degrada-
tion and solubilization.Food Hydrocolloids1999, 13, 535-542.

(6) Lazaridou, A.; Biliaderis, C. G.; Izydorczyc, M. S. Structural
characteristics and rheological properties of locust bean galac-
tomannans: a comparison of samples from different carob tree
populations.J. Sci. Food Agric.2001,81, 68-75.

(7) Bresolin, T. M. B.; Milas, M.; Rinaudo, M.; Reicher, F.; Ganter,
J. L. M. S. Role of galactomannan composition on the binary
gel formation with xanthan.Int. J. Biol. Macromol.1999,26,
225-231.

(8) Richardson, P. H.; Willmer, J.; Foster, T. J. Dilute solute
properties of guar and LBG in sucrose solution.Food Hydro-
colloids 1998,12, 339-348.

(9) Kok, M. S.; Hill, S. E.; Mitchell, J. R. A comparison of the
rheological behaviour of crude and refined locust bean gum
preparations during thermal processing.Carbohydr. Polym.1999,
38, 261-265.

(10) Baumgartner, S.; Genner-Ritzman, R.; Haas, G.; Amado, R.;
Neukom, H. Isolation and identification of cyclitols in carob pods
(Ceratonia siliqua).J. Agric. Food Chem.1986,45, 827-829.

(11) Maza, M. P.; Zamora, R.; Alaiz, M.; Hidalgo, F. J.; Millian, F.;
Vioque, E. Carob bean germ seed (Ceratonia siliqua): study of
the oil and protein.J. Sci. Food Agric.1989,46, 495-502.

(12) MacLeod, G.; Forcen, M. Analysis of volatile components
derived from the carob bean (Ceratonia siliqua). Phytochemistry
1992,31, 3113-3119.

(13) Batista, M. T.; Gomes, E. T. C-glycosylflavones fromCeratonia
siliqua cotyledons.Phytochemistry1993,34, 1191-1193.

(14) Avallone, R.; Plessi, M.; Baraldi, M.; Monzani, A. Determination
of chemical composition of carob (Ceratonia siliqua): protein,
fat, carbohydrates and tannins.J. Food Compos. Anal.1997,10,
166-172.

(15) Cantalejo, M. J. Effect of roasting temperature on the aroma
components of carob (Ceratonia siliqua).J. Agric. Food Chem.
1997,45, 1345-1350.

(16) Berna, A.; Perez-Gago, M. B.; Guardiola, V. G.; Salazar, D.;
Mulet, A. Effect of temperature on isobutyric acid loss during
roasting of carob kibble.J. Agric. Food Chem.1997, 45, 4084-
4807.

(17) Aigbodion, A. I.; Okieimen, F. E.; An investigation of the
utilization of Afrikan locust bean seed oil in the preparation of
alkyd resins. Ind. Crop Prod.2001,13, 29-34.

(18) Maccarone, E.; Formica, A.; Rizzo, V.; Tomaselli, F. Caratter-
izzazione dei semi di carruba di differenti varieta`. Proceedings
of the 6th Italian Congress of Food Science and Technology;
Cernobbio, Italy, September 12-14, 2003.

(19) Gentile, A.; La Malfa, S.; La Rosa, G.; Tomaselli, F.; Continella,
G.; Maccarone, E.; Damigella, P. Valutazione di alcune acces-
sioni di carrubo (Ceratonia siliquaL.). Proceedings of Italian
Horticultural Society; Napoli, Italy, May 4-6, 2004.

(20) Barbagallo, M. G.; Di Lorenzo, R.; Meli, R.; Crescimanno, F.
G. Characterization of carob germplasm (Ceratonia siliquaL.)
in Sicily. J. Hortic. Sci.1997,72, 537-543.

(21) Damigella, P.; La Malfa, S.; Gentile, A. La coltura del carrubo
in Sicilia. Atti del Congresso Internazionale “Il carrubo,
situazione attuale e prospettiVe di sViluppo” ; Ragusa, Italy, 2001.

(22) Ciola, R.; Blatt, C. R. Sugar analysis using a new derivatization
technique and capillary columns.Proceedings of 8th Interna-
tional Symposium on Capillary Chromatography; Sandra, P., Ed.;
Huetig-Verlag: Heidelberg, Germany, 1987; Vol.2, pp 714-
721.

(23) Adams, M. A.; Chen, Z.; Landman, P.; Colmer, T. D. Simul-
taneous determination by capillary gas chromatography of
organic acids, sugars, and sugar alcohols in plant tissue extracts
as their trimethylsilyl derivatives.Anal. Biochem. 1999,266, 77-
84.

(24) Blakeney, A. B.; Harris, P. T.; Henry, R. J.; Stone, B. A. A
simple and rapid preparation of alditol acetates analysis.Car-
bohydr. Res.1983,113, 291-299.

(25) Arena, E.; Fallico, B.; Maccarone, E. Thermal damage in blood
orange juice. Kinetics of 5-hydroxymethylfurancarboxaldehyde
formation.Int. J. Food Sci. Technol.200136, 145-151.

(26) Enciclopedia Agraria Italiana; REDA: Roma, Italy, 1954; pp
259-268.

Received for review April 6, 2004. Revised manuscript received
September 29, 2004. Accepted October 11, 2004. We thank the
Ministero delle Politiche Agricole e Forestali (MiPAF, Rome, Italy) for
financial support within the framework of Project ATECADE (Analisi
Tecniche ed Economiche sulla Produzione e sul Mercato delle Carrube
e dei Derivati).

JF0494332

7930 J. Agric. Food Chem., Vol. 52, No. 26, 2004 Rizzo et al.


