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Evaluation of biochemical markers (sugar, proline,
malonedialdehyde and ethylene) for cold sensitivity in
microcuttings of two coffee species
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Microcuttings of coffee (Coffea arabica L. and Coffea canephora Pierre) were conserved in vitro for 0-20 weeks at various
temperatures (12, 17, 22 and 27°C). Survival was generally high, except for C. canephora stored at 12°C. After a transitory increase
in fructose and glucose concentration at the beginning of the storage period, the sugar level remained stable. During the first weeks
of storage, the quantity of proline increased to twice the initial level for both species at 12°C. A drop in the proline concentration
was observed with C. canephora at the end of the storage period at 12°C. Whereas in the case of C. arabica, no modification was
noted in the malonedialdehyde (MDA) concentration, its level increased in microcuttings of C. canephora stored at 12°C. This increase
was reversible after 10 days at 27°C at the beginning of the storage period, but became irreversible after a 20-week storage duration.
Ethylene production started after transfer to 27°C after a 2-week storage period with C. canephora, but after 12 weeks only in the
case of C. arabica. This synthesis decreased at the end of the storage period for C. canephora microcuttings stored at 12°C. These
results indicate that among the four compounds studied, MDA appears as the most reliable indicator of cold sensitivity for the two
coffee species studied.
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Introduction

The exposure of plants to low temperatures in-
duces biochemical and physiological changes,
which allow them to withstand this stress [1,2].
The disorders caused by cold temperatures are
particularly important in the case of tropical and
subtropical species and are reversible or not,
depending on their sensitivity. During storage at
low temperature, accumulation of low molecular
weight compounds is observed in numerous spe-
cies [3,4]. Among them, carbohydrates like
sucrose, sorbitol and raffinose [1] were the first
protective substances described in plants. Sucrose
is the most easily detectable sugar in cold-tolerant
species. Its quantity can show an up to 10-fold
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increase during exposure to low temperature [4]. If
its accumulation is impeded, cold tolerance is lost
[5]. Similarly, accumulation of free proline is often
associated with resistance of plants to numerous
stresses and particularly low temperature [3,6].
Proline plays an important role in the metabolism
of the stressed plants. It can be used as a source of
carbon or nitrogen during recovery after stress {7].
Proline is also involved in cell osmoregulation and
in the protection of proteins [8]. Its accumulation
may also stabilize membranes during cold stress
[9,10]. Moreover, proline could also be involved
in the regulation of some enzymatic systems
[6,11,12].

Another well-known aspect of acclimation of
plants to low temperature exposure is the bio-
chemical [13] and physical [14] restructuring of
cell membranes. An increase in lipid content, par-
ticularly phospholipids, and in the unsaturation
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degree of the fatty acid chains is generally observ-
ed [15,16]. This is in accordance with the necessity
to increase the fluidity of membranes at low
temperatures [17]. However, the cold exposure can
alter the structure of the membranes due to lipid
peroxidation [18]. The degradation of the polyun-
saturated fatty acids by means of peroxidation
produces peroxide ions and malonedialdehyde
(MDA) induces membrane rigidification and the
death of cells [19]. Therefore, changes in MDA
concentration can be a good indicator of the struc-
tural integrity of the membranes for plants sub-
jected to low temperature.

After a conservation period, an increase in
ethylene production by plant tissues is generally
associated with the stress conditions [20]. Cold
treatments can increase its production by cold-
sensitive tissues. Depending on the plant material,
ethylene production can take place during the cold
exposure or only after the transfer to higher
temperatures. The increase in ethylene production
results from the accumulation and/or the stimula-
tion of l-aminocyclopropane 1-carboxylic acid
(ACQ), its immediate precursor [21]. The ethylene
forming enzyme (EFE), membrane enzyme which
transforms ACC into ethylene, is thermodepen-
dent. At low temperature, its activity is reduced or
non-existent. After transfer to standard tempera-
ture, the burst of ethylene which can be observed
results from the reactivation of the enzyme [22]
and can thus allow estimation of the functional in-
tegrity of the membranes.

Previous works showed that in vitro microcut-
tings of Coffea arabica, a species originating from
mountain areas were more resistant to cold storage
than those of Coffea canephora, originating from
tropical-plains [23,24]. In this study, we observed
the effect of the conservation of these two species
at different temperatures on the physiology of
their shootlets by following the evolution of their
sugar, proline, MDA concentration and ethylene
production. The results were related to their survi-
val rates in the various experimental conditions.

Materials and Methods

Plant material
This study was carried out with two coffee spe-
cies which differed by their ecology: C. arabica L.,

originating from the mountain areas of Ethiopia,
resistant to low temperatures, and C. canephora
Pierre, originating from the warm and humid
plains of the intertropical African zone. The
microcuttings of C. arabica belonged to the
cultivar Moka de Tahiti and those of C. canephora
to a maternal origin of clone IF 23. The explants
used were orthotropic axes without terminal buds,
roots or basal calluses, bearing two pairs of leaves,
of an average length of 10 mm.

Methods

The microcuttings were cultured on a medium
[23] derived from that of Dublin [25]. They were
placed in 150 X 24 mm glass test tubes containing
20 ml of medium with an average free volume of
34 + I ml. Cultures were placed at 27, 22, 17 and
12°C with a photoperiod of 12 h light/12 h dark
under a photon flow of 55.5 uE-m~2.s~!, Several
storage durations were experimented with: 0, 1, 2,
4, 8, 12, 16 and 20 weeks. At the end of each
storage period, the survival rate was estimated as
a function of the total number of remaining micro-
cuttings. At each sampling date, 12 microcuttings
were randomly chosen in each condition. Six of
them were grouped in two batches of three and
freeze-dried for the further measurement of sugar,
proline and MDA concentration. The six remain-
ing microcuttings were placed at standard temper-
ature (27°C) for 10 days in order to measure their
ethylene production. They were then grouped in
two batches of three and freeze-dried for further
measurement of their MDA concentration.

The concentrations in D-fructose, D-glucose and
sucrose were measured enzymatically using the
method of Bergmeyer and Bernt [26]. The results
were expressed in pg-g~! fresh wt. The free pro-
line concentration was measured by the method of
Bates et al. [27], using L-proline as a standard.

Plant material was ground in 3% (w/v) sulfo-

salicylic acid. After filtration and reaction with
ninhydric acid, the chromophore was extracted in
toluene and absorbance was measured at 520 nm.
The results were expressed in mg-g~! fresh wt.
MDA content was measured by colorimetry
using the method of Heath and Packer [28] as
modified by Hagege et al. [29]. Specific absor-
bance was measured at 532 nm and non-specific
absorbance at 590 nm. Results were expressed in
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nmol.g™! fresh wt. MDA concentration was
measured after each storage duration and in some
cases only after a further period of 10 days at
27°C. The data correspongd to the mean value of
three measurements of each of the two batches for
each storage duration.

Ethylene production was measured every 24 h
during 10 days at 27°C, after all storage durations
and also during storage at the different storage
temperatures. The microcuttings were confined for
24 h before sampling 2 ml of the test-tube atmos-
phere. Samples were injected into a gas chroma-
tograph (Delsi DN 200) equipped with a flame
ionisation detector and a Porapak Q column
(500 x 6 mm). The results were expressed in ni. 24
h~!.g"! fresh wt. Each point corrésponded to the
mean value of the maximal ethylene production of
the six samples analyzed.

For data analysis, ANOVA and Newman [30]
and Keuls [31] tests were used for multiple com-
parison of treatment means.

Results

After 20 weeks in storage, the survival rate of
the microcuttings varied between the two species.
With C. arabica, the lowest survival rate (67%) was
obtained at 27°C (Fig. 1A); however, no signifi-
cant differences were observed between the four
storage. temperatures employed. With C. cane-
phora (Fig. 1B), the results were comparable with
those of C. arabica at 17, 22 and 27°C, whereas
survival dropped to 25% after 20 weeks of storage
at 12°C. .

The sugar concentration varied differently dur-
ing storage, depending on the storage temperature
(Fig. 2). A peak of fructose (Figs. 2A and 2B) and
glucose (Figs. 2C and 2D) was observed
immediately after the transfer to 12°C, with a max-
imum after 2 weeks both for C. arabica (Figs. 2A
and 2C) and C. canephora (Figs. 2B and 2D). This
peak was also observed at 17°C with C. canephora
for glucose (Fig. 2D). In the other treatments, the
glucose and fructose concentrations generally re-
mained stable over the storage duration, except for
the glucose level which increased significantly for
C. canephora stored at 27°C at the end of the
storage period (Fig. 2D). The evolution of sucrose
concentration (Figs. 2E and 2F) was generally
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Fig. 1. Evolution of the survival rate of microcuttings of C.
arabica (A) and C. canephora (B) during storage at different
temperatures (27°C 0, 22°C W, 17°C O and 12°C @).

similar for both species in all conditions. After 2—4
weeks in storage, the sucrose level reached 1
mg-g~! fresh wt. and remained stable afterwards. ‘
The sucrose concentration decreased significantly
at the end of the storage period in C. canephora
microcuttings kept at 12°C only (Fig. 2E). 4

Proline concentration did not vary significantly
in microcuttings of either species placed at 22° and
27°C (Fig. 3). At the lower temperatures, the evo-
lution was different. At 17°C, the increase was
delayed and appeared from the 8th week onwards
for C. arabica (Fig. 3A) and from the 12th week
onwards for C. canephora (Fig. 3B). At 12°C, pro-
line concentration increased rapidly and reached a
maximal level after 4 weeks in storage. It remained
stable for C. arabica (Fig. 3A) but decreased pro-
gressively down to the initial value for C.
canephora (Fig. 3B).

During storage, the MDA concentration varied

. little with C. arabica, whatever the temperature

(Fig. 4A). At 12 and 27°C only, the MDA level
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Fig. 2. Evolution of the concentration of fructose (A, B), glucose (C, D) and sucrose (E, F) of microcuttings of C. arabica (A, C, E) and C. canephora (B, D, F) after
storage at different temperatures (27°C O, 22°C B, 17°C O and 12°C @).
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Fig. 3. Evolution of the proliné concentration of microcut-
tings of C. arabica (A) and C. canephora (B) during storage at
different temperatures (27°C O, 22°C W, 17°C O and 12°C ®).

increased transitorily between the 12th and 16th
weeks of storage. The MDA contents did not dif-
fer between the batches subjected to 20 weeks of
storage at different temperatures. With C. cane-
phora, there was no significant increase in the
MDA content during storage at 17, 22 and 27°C
(Fig. 4B). On the contrary, at 12°C, an important
increase in the MDA content was observed
(around 4-fold that measured at the other
temperatures). This value became stable and re-
mained constant until the end of the experiment.
Ten days after their transfer to 27°C, the MDA
concentration was modified in the case of
microcuttings stored for 4 weeks at 12, 22 and
27°C (Table I). With C. canephora it decreased
close to the level measured in the controls stored
at 27°C. On the contrary, for C. arabica, the MDA
concentration increased. After 20 weeks of
storage, there was no further modification of the
MDA level. For C. arabica, the levels were com-
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Fig. 4. Evolution of the malonedialdehyde (MDA) concentra-
tion of microcuttings of C. arabica (A) and C. canephora .(B)
during storage at different temperatures (27°C 0, 22°C A,
17°C O and 12°C @).

parable for plants stored at 12, 22 and 27°C.
Microcuttings of C. canephora stored at 12°C con-
served a high MDA concentration which did not
decrease to the level of the controls.

During storage and whatever the temperature,
the ethylene production remained low and cons-
tant (between 30 and 200 nl.24 h~'.g"! fresh wt.,
data not shown). During the 10 days following the
transfer at 27°C, differences in ethylene produc-
tion were observed, depending on the species and
the storage temperature. For both species, a peak
was present immediately after the transfer of the
microcuttings (Figs. 5A and 5B). In the case of C.
arabica (Fig. 5A), there was no significant differ-

. ence in the ethylene production for microcuttings

stored at 22° or 27°C, whatever the storage dura-
tion. At 12°C, a peak appeared after 12 weeks of
storage only. After 16 and 20 weeks of storage, it
was present for plants stored at 12° and 17°C. For
C. canephora (Fig. 5B), a peak of ethylene was
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Table I. Modifications-in the MDA concentration (nmol/g fresh wt.) after 4, 16 and 20 weeks of storage at different temperatures
(storage) and 10 days at 27°C (storage + 10 days). The different letters indicate significantly different values (P = 0.05)

Species Storage Storage Malonedialdehyde

temperature duration

°C) (weeks) Storage Storage + 10 days
C. arabica 27 4 8.6a 16.3 ab
C. arabica 12 4 96a 208 b
C. canephora 27 4 9.0a 1322
C. canephora 12 4 332¢ 229b
C. arabica 27 16 173 b 19.7b
C. arabica 12 16 250b 28.1b
C. arabica 27 20 18.8 ab 17.5 ab
C. arabica 22 20 14.1 a 125 a
C. arabica 12 20 21.7b 18.3 ab
C. canephora 27 20 9.5a 140 a
C. canephora 12 20 444 ¢ 423¢

nl ethylene /24 h / g FW

n}ethylene /24 h /g FW
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Fig. 5. Evolution of the maximal ethylene production of
microcuttings of C. arabica (A) and C. canephora (B) after
storage at different temperatures (27°C O, 22°C B, 17°C O and
12°C @),

already observed after 2 weeks of storage at 12°,
17° and 22°C. After 4 and 8 weeks of storage, its
intensity increased for these three temperatures.
However, after 12 weeks of storage, an important
reduction of the ethylene burst was observed for
the microcuttings conserved at 12°C, whereas it
was higher for the ones stored at 17° and 22°C.

Discussion

In the majority of cases, the critical storage tem-
perature is much higher for tropical cold-sensitive
species, in comparison with that of plants from
temperate climates. It is generally between 8 and
15°C [32] and appears to be even higher for coffee.
In this experiment, C. canephora microcuttings
were much more cold sensitive than those of C.
arabica, which confirms the previous results of
Jouve et al. [23] obtained with the same species
and reflects their different ecology. The four mark-
ers used in this study to assess the cold sensitivity
of coffee plantlets varied differently. No increase
in the sugar concentration was noted in relation to
the storage temperature, contrarily to what is
observed in cold-tolerant plants from temperate
climates during cold acclimation [4,33]. The tran-
sitory increase in glucose and fructose contents at
the beginning of the storage period could be due to




a decrease in metabolic activity, leading to their
accumulation and not to an active phenomenon,
like in cold-tolerant species.

The fluctuations in the proline level observed in
the present study were relatively low in com-
parison with those noted in the literature [3,6].
Moreover, differences in proline level were not ap-
parent when survival started to diminish and may
be an effect rather than a cause of the decrease of
the susceptibility.

For C. arabica conserved at 12°C, the MDA
concentration did not increase during the whole
storage duration, whereas that measured in C.
canephora microcuttings stored at the same tem-
perature significantly increased from the 4th week
on. This showed an increased production of perox-
ide ions in this species in comparison with C.
arabica or a less efficient detoxification by the
superoxide dismutase catalase system [34]. This
modification in the MDA concentration was
reversible after short-term exposures to cold
temperatures, which reflected the fact that the met-
abolic activity was sufficient to repair the damages
induced by cold. On the contrary, after longer
storage durations at low temperature, no reduc-
tion in the MDA concentration was observed after
transfer to 27°C, which indicates that the structur-
al integrity of the membranes was too severely
damaged for repair mechanisms to take place.
Evolution of MDA clearly preceded the decrease
in survival rate of the microcuttings, thus
demonstrating the usefulness of this compound for
monitoring early damage.

After transfer to standard temperature follow-
ing cold.storage, an increased ethylene production
is often observed for cold-sensitive plants or or-
gans like Citrus-[35] or tropical species such -as
Carica papaya [36] and - Elaeis guineensis [37].
Chen and Patterson [22] indicate that an impor-
tant ethylene production after the transfer to high
temperature corresponds to-a reversible stress,
whereas a more severe stress induces the irreversi-
ble incapacity to produce ethylene. A progressive
decrease in ethylene production after extended
storage periods at low temperatures was observed
in the case of oil palm somatic embryos stored for
more than 11 weeks at 12°C, in line with a progres-
sive drop in their survival rate {37]. In the present
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study, for both species and at all temperatures, dis-
section was a stressing event, as assessed by an im-
portant peak of ethylene occurring immediately
after their transfer in storage conditions. After
transfer at 27°C, a slight increase of ethylene oc-
curred after different storage durations at low tem-
perature for the two species. However, it did not -
seem clearly correlated with a decrease in survival.
A simple hypothesis for the occurrence of this
ethylene burst would be that ACC accumulates at (
low temperature because of the inhibition of EFE
in these conditions and is converted to ethylene
after transfer at higher temperature.

In conclusion, among the four potential markers
examined in the present work, MDA appears to be
the best indicator of cold sensitivity in the case of
microcuttings of C. arabica and C. canephora. In
order to complete this study, it would be in-
teresting to compare the activity of the superoxide
dismutase and catalase enzymes which are involv-
ed in the defense processes against free radicals.
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