
Catalase in the Heat-Induced Chilling Tolerance of Cold-Stored
Hybrid Fortune Mandarin Fruits
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Hybrid Fortune mandarins developed chilling injury (CI) upon cold storage, unless the fruits were
conditioned at 37 °C for 3 days before they were held at low temperature. This heat treatment
induced 2.5-, 1.2-, and 1.4-fold increases in the activities of catalase (CAT), ascorbate peroxidase
(APX), and superoxide dismutase (SOD), respectively, and reduced the activity of glutathione
reductase (GR). The differences in the activities afforded by the heat treatment were, in general,
maintained during cold storage. However, SOD levels in nonconditioned Fortune fruits exhibiting
CI were similar to those of conditioned fruits stored for 0 or 6 weeks at 2 °C. No difference between
APX activity in the conditioned and nonconditioned fruits stored for 6 weeks at 2 °C was found.
The data indicate that CAT may be a major antioxidant enzyme operating in the heat-induced chilling
tolerance of cold-stored Fortune mandarin fruits.
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INTRODUCTION

Because hybrid Fortune mandarin is a chilling-
sensitive cultivar, exposure to low temperatures during
storage or on the tree can severely damage the fruit.
Chilling injury (CI) is manifested as pitting, necrosis,
and rind staining along the peel of the fruit. However,
holding the fruit at very low temperatures may be the
most desired practice to maintain fruit quality after
storage and extend the market period, allowing long-
distance transport and control of Mediterranean fruit
fly by quarantine treatments. Thus, physiological and
molecular characteristics that improve low-temperature
stress tolerance are of great interest to the citrus
industry. Despite the fact that the chilling sensitivity
of this cultivar changes considerably during the season,
its cold-induced damage may be overridden, at any stage
of maturity, by conditioning the fruits for 3 days at 37
°C before they are stored at 2 °C (Lafuente et al., 1997).

There is increasing evidence that chilling elevates the
level of active oxygen species (AOS) (Wise and Naylor,
1987), which damage cellular components (Elstner,
1991; McKersie, 1991) and that acclimation to chilling
may be partly related to an enhanced antioxidant
system that would prevent the accumulation of AOS
(Prasad 1996). This system involves both lipid-soluble
antioxidants (R-tocopherol and â-carotene) and water-
soluble reductants (ascorbate and glutathione) and
enzymes such as superoxide dismutase (SOD; EC
1.15.1.1), catalase (CAT; EC 1.11.1.6), ascorbate per-
oxidase (APX; EC 1.11.1.11), and glutathione reductase
(GR; EC 1.6.4.2) (Zhang et al., 1995). Athough most of
the studies have been done in plant vegetative tissues,
there is evidence that chilling may impose oxidative
stress in fruits such as cucumbers (Hariyadi and Parkin,

1991) and pears (Ju et al., 1994). Also, it has been
suggested that mitochondria may be a major source of
superoxide in chilling-sensitive green bell pepper fruits
exposed to low temperature (Purvis et al., 1995).

In previous papers we have suggested that the oxida-
tive stress may be involved in cold-induced peel damage
of harvested citrus fruit. We have found that fruits of
Clementine and Clemenules mandarins, which are
chilling-tolerant cultivars, have a more efficient anti-
oxidant enzyme system than the chilling-sensitive
Fortune cultivar (Sala, 1998) and that the peroxidase
activity was lower in nonconditioned fruits than in high-
temperature-conditioned Fortune mandarins (3 days at
37 °C), which did not show peel damage throughout the
cold storage period (Martı́nez-Téllez and Lafuente,
1997). On the other hand, we have shown that condi-
tioning fruits of this cultivar at high temperature may
increase the polyamine content in the flavedo, although
it is not clear that the heat-induced increase in these
radical-scavenger antioxidant compounds is related to
the acclimation at chilling (Gonzalez-Aguilar et al.,
1998). Wang (1995a,b, 1996) has shown that the toler-
ance to chilling of zucchini squash may be increased by
conditioning the fruits at 15 °C and that this pretreat-
ment reduced the chilling-induced decline in CAT, SOD,
or APX activities and increased the GR activity. Prasad
(1997) also investigated the mechanism of chilling
acclimation and the role of antioxidant enzymes in
inducing chilling tolerance in pre-emergent maize seed-
lings. This author did not observe changes in SOD and
APX, but the acclimated seedlings had higher CAT, GR,
and guaiacol peroxidase activities compared with those
of nonacclimated seedlings during low-temperature
stress conditions. Furthermore, he showed that CAT
plays a major role in inducing the chilling tolerance.
This result differs from that of Dat et al. (1998) in
mustard seedlings. Little is known about the role of the
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endogenous antioxidant systems on the acclimation of
citrus fruits at chilling.

The aim of the present work is (a) to investigate the
effect of the high-temperature conditioning on the
activity of the enzymes of the antioxidant system of cold-
stored Fortune mandarins and (b) to determine whether
the high-temperature-induced changes in the activity
of those enzymes are linked to the induced tolerance to
CI.

MATERIALS AND METHODS

Plant Materials and Treatments. Fortune mandarin
fruits (Citrus clementina Hort ex Tanaka × Citrus reticulata
Blanco) were harvested at random from 20-year-old trees. The
trees were grafted onto Satsuma mandarin (Citrus unshiu
Marc) and sour orange (Citrus aurantium L.) rootstock and
grown at Sagunto, Valencia, Spain.

Fortune mandarin fruits were selected and randomly di-
vided into two lots. The first lot was immediately stored at
80-85% relative humidity (RH) and 2 °C for up to 8 weeks,
whereas the second lot was conditioned at 37 °C and 90-95%
RH for 3 days before they were transferred to a cold storage
room at 2 °C and 80-85% RH for up to 8 weeks. In each lot,
fruits were randomly divided in three replicates of 27 fruits.
CI symptoms were evaluated weekly, and three replicate
samples of four fruits of each group were sampled after 0, 14,
28, 42, and 56 days at 2 °C to determine changes in enzyme
activities. Flavedo (the colored outer layer of skin) tissue was
separated from the whole fruit and cut into small pieces, and
representative 1 g samples were frozen in liquid nitrogen and
stored at -70 °C for enzyme assays.

CI Index. The degree of CI was evaluated according to the
method described previously by Lafuente et al. (1997). A rating
scale based on surface necrosis and intensity of browning was
used: 0 ) no pitting; 1 ) slight; 2 ) medium; 3 ) severe
pitting. The CI index, which expresses the severity of injury,
was determined by summing the products of the amount of
fruits showing pitting in each category by the value assigned
to this category in the rating scale and dividing this sum by
the total number of fruits examined.

Enzyme Assays. One gram fresh weight of frozen flavedo
tissue was pulverized in a mortar and pestle with 10 mL of
100 mM potassium phosphate buffer, pH 6.8 at 4 °C. The
homogenate was centrifuged at 27000g for 15 min at 4 °C twice
and the supernatant used for the CAT assay. Catalase activity
was determined at 25 °C according to the method of Kar and
Mishra (1976). One unit of CAT was defined as the amount of
enzyme that decomposes 1 µmol of H2O2/min at 25 °C.

APX was extracted from 1 g of the flavedo tissue with 10
mL of 50 mM potassium phosphate buffer, pH 7.0, containing
0.1 mM EDTA, 1 mM ascorbic acid, and 1% polyvinylpoly-
pyrrolidone (PVPP) at 4 °C. The homogenate was centrifuged
at 27000g for 15 min at 4 °C twice, and the supernatant was
used for the APX assay. The activity was determined according
to the method of Asada (1984). One unit of APX was defined
as the amount of enzyme that oxidized 1 µmol of ascorbate/
min at room temperature.

GR was extracted from 1 g of the flavedo tissue with 10 mL
of 100 mM potassium phosphate buffer, pH 7.5, containing 0.5
mM ethylenediaminetetraacetic acid (EDTA) at 4 °C. The
homogenate was centrifuged at 27000g for 15 min at 4 °C twice
and the supernatant used to assay GR spectrophotemetrically
according to the method of Smith et al. (1988). The activity of
the GR solution used for the standard curve was determined
according to the procedure of Carlberg and Mannervik (1985).
One unit of GR was defined as the amount of enzyme that
catalyzed the oxidation of 1 µmol of NADPH/min.

SOD was extracted from 1 g of flavedo tissue with 10 mL of
50 mM potassium phosphate buffer, pH 7.8, containing 1.33
mM diethylenetriaminepentaacetic acid (DETAPAC) at 4 °C,
and the homogenate was centrifuged at 27000g for 15 min at
4 °C twice. According to Droillard et al. (1989), the supernatant
crude plant extracts were used to assay SOD spectrophoto-

metrically by using the method of Oberley and Spitz (1986).
The superoxide radicals were generated by xanthine-xanthine
oxidase, and nitro blue tetrazolium (NBT) was used as an
indicator of superoxide radical production. One unit of SOD
was defined as the amount of enzyme that gave half-maximal
inhibition.

Specific activities of all enzymes were expressed as units
per milligram of protein. Protein was determined according
to the method of Bradford (1976), using bovine serum albumin
(BSA) as a standard.

Statistical Design. Experimental data are the mean (
standard error (SE) of three replicates of the determinations
for each sample. ANOVA analysis were performed by means
of the BMDP 7D program (Dixon, 1988), using the Duncan
multiple-range test at 5% level for means comparison.

RESULTS

Low-temperature storage of Fortune mandarin fruit
induced CI, peel pitting being the primary symptom of
this physiological disorder. Slight pitting appeared in
nonconditioned fruit for up to 2 weeks at 2 °C (CI )
0.6), whereas in the heat-conditioned fruit insignificant
pitting was observed (CI ) 0.3). The CI index increased
quickly thereafter in nonconditioned fruits but remained
nearly constant in the conditioned fruits for up to 8
weeks of storage at 2 °C (Figure 1).

Heating Fortune mandarin fruits for 3 days at 37 °C
before they were transferred to 2 °C induced a 2.5-fold
increase in CAT activity (Figure 2). The CAT activity,
in the conditioned and in the nonconditioned samples,
declined during storage at 2 °C, but in the conditioned
fruits was about twice that of nonconditioned fruits
throughout the 8 weeks of exposure to low temperature.
A slight increase in APX (1.2-fold increase) was also
induced by heating the fruits at 37 °C (Figure 3). The
activity afforded by the heat-conditioning treatment was
maintained for up to 4 weeks at 2 °C. Thereafter, it
decreased and no difference in APX activity between
conditioned and nonconditioned fruits was found after
6 weeks. At the end of the storage period, however, APX
activity still was about twice that of the nonconditioned
mandarins (Figure 3). GR activity was reduced by
heating the fruits for 3 days at 37 °C and, with one
exception, was higher in the nonheated fruits along the
storage period (Figure 4). This heat treatment induced
a 1.4-fold increase in the activity of SOD (Figure 5). SOD
activity in the flavedo of conditioned fruits was higher
than in the nonconditioned fruits during the 8 weeks of

Figure 1. CI index of Fortune mandarins fruits conditioned
for 0 (b) and 3 days (9) at 37 °C and 90-95% RH and stored
for up to 8 weeks at 2 °C. Each value is the mean of three
replicate samples ( SE.
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storage at 2 °C. However, the activity of this enzyme in
nonconditioned Fortune fruits stored for 2 or 8 weeks
at 2 °C was similar to that of conditioned fruits stored
for 0 or 6 weeks (Figure 5).

DISCUSSION

As previously reported, Fortune mandarins developed
chilling damage upon cold storage, unless the fruits

were pre-exposed to 37 °C for 3 days (Lafuente et al.,
1997). This result is in accordance with observations
that temperature conditioning treatments conferred cold
hardiness on a variety of fruits such as grapefruit
(Chalutz et al., 1985), papaya (Chen and Paull, 1986),
lemons (Houck et al., 1990), tomato (Lurie and Klein,
1991), and oranges (Schirra et al., 1997). Different
biochemical and physiological mechanisms have been
associated with chilling acclimation, although the basis
of cold-induced tolerance remains unclear. Temperature
acclimation at low temperature has been found to
correlate with the accumulation of a number of heat
shock proteins (HSPs) (Lafuente et al., 1991; Lurie and
Klein, 1991). It may also involve increases in sugars
(Purvis et al., 1979) and polyamine content (McCollum
et al., 1991; González-Aguilar et al., 1998) and in the
insaturation of fatty acids (Clarkson et al., 1980; Wang
et al., 1992).

Oxidative stress has been considered to be a response
of different plant tissues to chilling (Hariyadi and
Parkin, 1991; Ju et al., 1994; Wang, 1995a), including
citrus fruit peel (Sala, 1998). In the present work, we
have focused our attention on the involvement of the
activated oxygen-scavenging enzymes on the adaptive
process induced by a high-temperature conditioning
treatment at 37 °C against chilling on mandarin fruits.
Heating Fortune mandarins for 3 days increased the
activity of CAT, SOD, and APX, but GR activity was
reduced. It is interesting to note that conditioning
resulted in a greater induction in CAT activity (2.5-fold
increase) than in the activity of APX (1.2-fold) and SOD
(1.4-fold). Furthermore, the differences in the activities
afforded by the heat treatment were, in general, main-
tained during cold storage. These results may indicate
that the linked action of CAT, APX, and SOD may
contribute, at least to some extent, to the avoidance of
CI in conditioned Fortune mandarin fruits. The increase
in SOD activity could enhance the ability of the flavedo
to dismutate superoxide radicals, whereas the increase
in CAT and APX activities would contribute to the
elimination of hydrogen peroxide. It should be pointed
out, however, that SOD levels in nonconditioned For-
tune fruits increased during storage at 2 °C and fruits
exhibited CI despite the activity of SOD, similar to the
responses of conditioned fruits stored for 0 or 6 weeks
at 2 °C. Therefore, the role of SOD in the defense
mechanism induced by heating the fruits at 37 °C
appears to be less important than that of APX and CAT.

Figure 2. Changes in the activity of CAT of Fortune man-
darin fruits conditioned for 0 (b) and 3 days (9) at 37 °C and
90-95% RH and stored for up to 8 weeks at 2 °C. Each value
is the mean of three replicate samples ( SE.

Figure 3. Changes in the activity of APX of Fortune man-
darin fruits conditioned for 0 (b) and 3 days (9) at 37 °C and
90-95% RH and stored for up to 8 weeks at 2 °C. Each value
is the mean of three replicate samples ( SE.

Figure 4. Changes in the activity of GR of Fortune mandarin
fruits conditioned for 0 (b) and 3 days (9) at 37 °C and 90-
95% RH and stored for up to 8 weeks at 2 °C. Each value is
the mean of three replicate samples ( SE.

Figure 5. Changes in the activity of SOD of Fortune
mandarin fruits conditioned for 0 (b) and 3 days (9) at 37 °C
and 90-95% RH and stored for up to 8 weeks at 2 °C. Each
value is the mean of three replicate samples ( SE.
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In zucchini squash it has been also suggested that the
acclimation to chilling, induced by conditioning the
fruits at 15 °C, may involve modifications in the anti-
oxidant system. This pretreatment did not induce an
increase in SOD, CAT, or APX but reduced the decline
of their activities after the squash had been held at low
temperature (Wang, 1995a,b). The GR activity did not
decrease in the untreated squash held at low temper-
ature and was higher when it was temperature-
conditioned (Wang, 1996).

At physiological pH, the dismutation of superoxide by
SOD occurs at a rate constant of 2 × 109 M-1 s-1

(Elstner, 1982). Hydrogen peroxide can cross biological
membranes because it has no unpaired electron, whereas
the charged superoxide species can do so only very
slowly. If hydrogen peroxide, which enters the cell
cytoplasm, survives in sufficient concentrations to reach
the plant nucleus, it could react with intracellular metal
ions to originate hydroxyl free radical and result in
considerable damage to plant (Halliwell and Gutteridge,
1990).

CAT is one of the enzymes that protect cells against
AOS because it catalyzes the decomposition of hydrogen
peroxide to form oxygen and water. Prasad (1997) found
that CAT seems to play a major role in inducing
acclimation to chilling stress in dark-grown maize
seedlings. In mustard seedlings, however, it has been
shown that a heat acclimation treatment resulted in
decreased CAT activity during the period of induced
thermoprotection (Dat et al., 1998). Our results agree
with those of Prasad (1997) because the increase in CAT
was the most marked change induced by high-temper-
ature conditioning in the flavedo of Fortune mandarins.

In conclusion, our data collectively indicate that
hydrogen peroxide appears to be involved in peel dam-
age induced by cold stress in citrus fruits and that CAT
may be a major antioxidant enzyme operating in the
heat-induced chilling tolerance of cold-stored Fortune
mandarin fruits.

ACKNOWLEDGMENT

We gratefully acknowledge the statistical advice of
Mr. Lopez-Santoveña, the technical assistance of Mrs.
M. J. Pascual, and the provision of fruits by Mr. Orts
and Mr. Llusar.

LITERATURE CITED

Asada, K. Assay of ascorbate-specific peroxidase. Methods
Enzymol. 1984, 105, 427-429.

Bradford, M. M. A rapid and sensitive method for the quan-
titation of microgram quantities of protein utilising the
principles of protein-dye binding. Anal. Biochem. 1976, 72,
248-254.

Carlberg, I.; Mannervik, R. Glutathione reductase. Methods
Enzymol. 1985, 113, 484-490.

Chalutz, E.; Waks, J.; Schiffmann-Nadel, M. Reducing sus-
ceptibility of grapefruit to chilling injury during cold treat-
ment. HortScience 1985, 20, 226-228.

Chen, N. M.; Paull, R. E. Development and prevention of
chilling injury in papaya fruit. J. Am. Soc. Hortic. Sci. 1986,
111, 639-643.

Clarkson, D. T.; Hall, K. C.; Roberts, K. M. Phospholipid
composition and fatty acid desaturation in the roots of rye
during acclimatisation of low temperature. Planta 1980,
149, 464-471.

Dat, J. F.; Lopez-Delgado, H.; Foyer, C.; Scott, I. M. Parallel
changes in H2O2 and catalase during thermotolerance

induced by salicylic acid or heat acclimation in mustard
seedlings. Plant Physiol. 1998, 116, 1351-1357.

Dixon, W. J. BMDP Statistical Software Manual; University
of California Press: Berkeley, CA, 1988.

Droillard, M. J.; Bureau, D.; Paulin, A. Changes in activities
of superoxide dismutases during aging of petals of cut
carnations (Dianthus caryophyllus). Physiol. Plant. 1989,
76, 149-154.

Elstner, E. F. Oxygen activation and oxygen toxicity. Annu.
Rev. Plant Physiol. 1982, 33, 73-96.

Elstner, E. F. Mechanism of oxygen activation in different
compartments of plant cells. In Active Oxygen/Oxidative
Stress and Plant Metabolism; Pell, E. J., Steffen, K. L., Eds.;
American Society of Plant Physiologists: Rockville, MD,
1991; pp 13-25.

Gonzalez-Aguilar, G. A.; Zacarı́as, L.; Lafuente, M. T. Ripening
affects high temperature-induced polyamines and their
changes during cold storage of hybrid Fortune mandarins.
J. Agric. Food Chem. 1998, 46, 3503-3508.

Halliwell, B.; Gutteridge, J. M. C. Role of free radicals anf
catalitic metal ions in human disease: An overview. Meth-
ods Enzymol. 1990, 186, 1-85.

Hariyadi, P.; Parkin, K. L. Chilling-induced oxidative stress
in cucumber fruits. Postharvest Biol. Technol. 1991, 1, 33-
45.

Houck, L. G.; Jenner, J. F.; Bianchi, J. Holding lemon fruit at
5 °C or 15 °C before cold treatment reduces chilling injury.
HortScience 1990, 25, 1174.

Ju, Z.; Yuan, Y.; Liou, C.; Zhan, S.; Xiu, S. Effects of low
temperature on H2O2 and heart browning of Chili and Yali
pear (Pirus bret Scheideri, R.). Sci. Agric. Sinica 1994, 27,
77-81.

Kar, M.; Mishra, D. Catalase, peroxidase, and polyphenoloxi-
dase activities during rice leaf senescence. Plant Physiol.
1976, 57, 315-319.

Lafuente, M. T.; Belver, A.; Guye, M. G.; Saltveit, M. E. Effects
of temperature conditioning on chilling injury of cucumber
cotyledons. Plant Physiol. 1991, 95, 443-449.

Lafuente, M. T.; Martı́nez-Téllez, M. A.; Zacarı́as, L. Abscisic
acid in the response of ‘Fortune’ mandarins to chilling.
Effects of maturity and high-temperature conditioning. J.
Sci. Food Agric. 1997, 73, 494-502.

Lurie, S.; Klein, J. D. Acquisition of low-temperature tolerance
in tomatoes by exposure to high-temperature stress. J. Am.
Soc. Hortic. Sci. 1991, 116, 1007-1012.

Martı́nez-Téllez, M. A.; Lafuente, M. T. Effect of high-tem-
perature conditioning on ethylene, phenylalanine ammonia-
lyase, peroxidase and polyphenol oxidase activities in
flavedo of chilled ‘Fortune’ mandarin. J. Plant Physiol. 1997,
150, 674-678.

McCollum, T. G.; McDonald, R. E.; Elmstrom, G. W. Temper-
ature conditioning inhibits chilling injury in summer squash
(Cucurbita pepo) fruit. Proc. Fla. State Hortic. Soc. 1991,
104, 99-101.

McKersie, B. D. The role of oxygen free radicals and desiccation
stress in plants. In Active Oxygen/Oxidative Stress and
Plant Metabolism; Pell, E. J., Steffen, K. L., Eds.; American
Society of Plant Physiologists: Rockville, MD, 1991; pp 107-
118.

Oberley, L. W.; Spitz, D. R. Nitroblue tetrazolium. In Hand-
book of Methods for Oxygen Radical Research; Greenwald,
R. A., Ed.; CRC Press: Boca Raton, FL, 1986; pp 217-220.

Prasad, T. K. Mechanisms of chilling-induced oxidative stress
injury and tolerance in developing maize seedlings: changes
in antioxidant system, oxidation of proteins and lipids, and
protease activities. Plant J. 1996, 10 (6), 1017-1026.

Prasad, T. K. Role of catalase in inducing chilling tolerance
in preemergent maize seedlings. Plant Physiol. 1997, 114,
1369-1376.

Purvis, A. C.; Kawada, K.; Grierson, W. Relationship between
midseason resistance to chilling injury and reducing sugars
level in grapefruit peel. HortScience 1979, 14, 227-229.

Purvis, A. C.; Shewfelt, R. L.; Gegogeine, J. W. Superoxide
production by mitochondria isolated from green bell pepper
fruit. Physiol. Plant. 1995, 94, 743-749.

Catalase in the Chilling Tolerance of Mandarin Fruits J. Agric. Food Chem., Vol. 47, No. 6, 1999 2413



Sala, J. M. Involvement of oxidative stress in chilling injury
in cold-stored mandarin fruits. Posharvest Biol. Technol.
1998, 13, 255-261.

Schirra, M.; Aggabio, M.; Dhallewin, G.; Pala, M.; Ruggiu, R.
Response of Torocco oranges to picking date, postharvest
hot water dips, and chilling storage temperature. J. Agric.
Food Chem. 1997, 45, 3216-3220.

Smith, I. S.; Vierheller, T. L.; Thorne, C. A. Assay of glu-
tathione reductase in crude tissue homogenates using 5,5′-
dithiobis(2-nitrobenzoic acid). Anal. Biochem. 1988, 175,
408-413.

Wang, C. Y. Effect of temperature preconditioning on catalase,
peroxidase, and superoxide dismutase in chilled zucchini
squash. Postharvest Biol. Technol. 1995a, 5, 67-76.

Wang, C. Y. Temperature preconditioning affects glutathione
content and glutathione reductase activity in chilled zuc-
chini squash. J. Plant Physiol. 1995b, 145, 148-152.

Wang, C. Y. Temperature preconditioning affects ascorbate
antioxidant system in chilled succhini squash. Postharvest
Biol. Technol. 1996, 8, 29-36.

Wang, C. Y.; Kramer, G. F.; Whitaker, B. D.; Lusby, W. R.
Temperature preconditioning increases tolerance to chilling
injury and alters lipid composition in zucchini squash. J.
Plant Physiol. 1992, 140, 229-235.

Wise, R. R.; Naylor, A. W. Chilling-enhanced photooxidation.
The peroxidative destruction of lipids during chilling injury
to photosynthesis and ultrastructure. Plant Physiol. 1987,
83, 272-277.

Zhang, J.; Cui, S.; Li, J.; Wei, J.; Kirkham, M. B. Protoplasmic
factors, antioxidants responses, and chilling resistance in
maize. Plant Physiol. Biochem. 1995, 33, 567-575.

Received for review July 27, 1998. Revised manuscript received
March 29, 1999. Accepted March 31, 1999. This work has been
supported by Research Grants ALI 93-0117 and ALI 96-0506-
C03-01 from the Comisión Interministerial de Ciencia y
Tecnologı́a (CICYT) Spain.

JF980805E

2414 J. Agric. Food Chem., Vol. 47, No. 6, 1999 Sala and Lafuente


