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Effect of sulphuric fertilization on the shelf life of Broccoli
packaged in protective atmosphere
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Abstract: Broccoli (Brassica rapa L.) of Lingua di cane ecotype were cultivated in presence and
in absence of a sulphuric fertilization. After being minimally processed, samples were packaged in
protective atmosphere (air and 100 % O,), using a semi permeable film. Aim of the present work
was to verify the effectiveness of the packaging in protective atmosphere on broccoli shelf life,
storing the samples at 4+1°C until 10 days. The influence of the presence and the absence of the
sulphuric fertilization on leaves samples quality, in terms of nitrate and chlorophyll contents,
colour, pH, TSS, and dry matter were assessed. Moreover, the attention was turned on the different
fertilization influence on organic volatile compounds that, present in the headspace of the
packages, determine the characteristic odour of the product, noticed in particular after the cooking
phase.
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Introduction

In the last years the food tendencies are
strongly changed and are evolved towards the
demand, from the consumer, of fresh foods
with low calorie, healthy, nourishing and with
high quality. All of this, together with the
reduction of the times dedicated to the meals
use, has moved the interest of the consumers
toward products already washed, cut and ready
to use: the minimally processed products.
Processing technique, sanitation, packaging
and temperature management during shipping,
handling and marketing play important roles in
maintenance of fresh cut quality (Brecht et al.,
2003). Often, the physiological behaviour of
the cut vegetable, such as the physical
characteristics of the plastic film employed for
the packaging, are not known adequately, with
consequent production of commodities with
low qualitative level during distribution.

The respiration of the horticultural products
fresh or preserved in protective atmosphere, the
phenomena of transpiration, responsible of the
wrinkling of the product, as well as the
alterations due to microbial species, can
compete to a reduction of the product shelf life.
Moreover, the manipulations to which
minimally processed vegetables are submitted
to, can provoke stresses. The operations of cut,
in particular, induce an increase of the ethylene
and carbonic dioxide production, with a
consequent reduction of the potential shelf life.

The application of modified atmosphere
packaging (M.A.P.) on such products, allows to
extend the conservation and therefore their
shelf life, by inhibiting or slowing down those
chemical and biological trials that determine
the deterioration of the product (Piergiovanni,
1997), such as production of off-flavours.
Different studies (Powrie et al., 1990; Hansen
et al., 2001) tried to find the more suitable
atmospheric parameters that allow a prolonged
storage of broccoli, with the respect of their
qualitative characteristics. In particular a
concentration of O, between 1-3% and of CO,
between 5-15% at 1°C, was found to be
capable of prolonging the shelf life of broccoli
until 21 days (Jacobsson et al., 2004). Broccoli
result to be particularly sensitive to M.A.P.,
creating, in anaerobic conditions, sulphur-
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containing volatiles, including methanethiol
and dimethyl disulfide, which could influence
the sensorial characteristics of fresh cut florets
(Forney et al., 1991).

Also glucosinolate degradation products
(isothiocyanates, nitriles, thiocyanates, indoles
and oxazolidinethiones) contribute to the
characteristic flavour and taste of Brassica
vegetables. A significant variation in the level
of glucosinolates (Rosa et al., 1994; Rosa
1997) and phenolic compounds biosynthesized
is due to variations in environmental and
agronomic factors, such as water availability
(irrigation), soil composition (mineral and
organic nutrients), intensity of sulphur
fertilization (mainly due to different effects on
phenolic enzymes), harvest time and climate
(Zhao, 1994).

The sulphur fertilization may affect the
glucosinolates level more than nitrogen
fertilization (Rosa et al., 1996). Moreover, for
sulphur-deficient soils, sulphur fertilization
increased three-fold the glucosinolates content
of rapeseed, while nitrogen fertilization
reduced it. In general, it has been observed a
40%  glucosinolates reduction in plants
cultivated at low sulphur fertilization regime in
light soils, respect to heavy soils (Ciska et al.,
2000). Aires et al. (2006) found that sulphur
fertilization has a detrimental effect on the
level of aliphatic glucosinolates of broccoli
sprouts, but the opposite effect was observed
for indole and aromatic glucosinolates.

Storage and processing of the vegetables
can also greatly affect the glucosinolate
content, in fact processes such as chopping,
cooking and freezing influence the extent of
hydrolysis  of  glucosinolates and the
composition of the final products (Fahey et al.,
2001; Baik et al., 2003; Cieslik et al., 2007;
Song andThornalley, 2007).

Although little information are reported on
the influence of M.A.P. on total or individual
glucosinolate content of Brassica vegetables,
an increase in total glucosinolate content was
registered in broccoli florets when stored in air
or in controlled atmosphere (C.A.), while the
absence of O, with a 20% CO, resulted in total
loss (Verkek et al., 2001; Jones et al., 2006).
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Previous study (De Pascale et al., 2007)
investigated the effects of sulphur availability
on shoot yield (sprout plus inflorescence),
quality (nitrate and chlorophyll contents), and
nutritional value (with a particular focus on
antioxidant - flavonols and phenolic acids - and
glucosinolates contents) of two ecotypes of
broccoli. Starting from this study, the aim of
the present work was, therefore, to verify the
effectiveness of the packaging in protective
atmosphere on the shelf life of one of these two
ecotype of broccoli, evaluating the possibility
to transform this vegetable in a minimally
processed product. Particular attention was
turned on the evaluation of the volatile
compounds that, present in the headspace of
the package, determine the characteristic odour
of the product. By considering this
characteristic (proper of Brassicaceae), the
influence of the presence or of the absence of a
sulphuric fertilization was then evaluated on
the nitrate and chlorophyll contents, colour,
pH, TSS, and of dry matter.

Material and Methods
Plant material

The research was performed on broccoli
leaves (Brassica rapa L. subsp. sylvestris L.
Janch. var. esculenta Hort.) of known
cultivation, in particular on a characteristic
ecotype widely distributed in the Campania
Region (Southern Italy), characterized by a late
cycle (> 90-120 days), and named Lingua di
cane (Figure 1).

Samples of broccoli were obtained from the
University of Naples experimental farm,
located in Bellizzi (Salerno, Italy). The soil
was a deep clay-sandy soil (International
Textural Classes), classified as Inceptsoil
Hapluset type (USDA soil taxonomy) with
1.65% organic matter, 1.5% total N and 837
ppm total S.
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Figure 1. Leaf of Lingua di cane ecotype.

Two different samples were analyzed: 1) a
control on which neither direct or indirect
quantitative sulphur was applied, and on which
the nitrogenous fertilization was effected using
urea (total N = 200 kg ha'l); 2) a treatment with
10q ha! of agricultural sulphur + 5 ammonium
sulphate q ha™' (total applied N = 200 kg ha™,
of which 100 from sulphate ammonium and
100 kg ha' from wurea). The sulphur
fertilization, the seeding and the four harvests
were performed as reported previously (De
Pascale et al., 2007).

Sample preparation

After the harvest, the product was manually
husked. The stems, the damaged leaves and the
yellow inflorescence were rejected. The entire
leaves and the selected tops, instead, were
carefully washed with tap water, for three
times, so to eliminate the particles of ground,
and, subsequently, washed for 15 min in a
disinfectant solution of sodium hypochlorite
0.012% brought to pH 5 with acetic acid. Then
the leaves were put in perforated baskets to
drip, dried with air flow at environment
temperature and subsequently sizing (50g) in
trays, previously disinfected with an ethylic
alcohol solution (70% v/v).

The trays (AERPACK® - CCPL S.crl.,
mod. B5-70), with a volume equal to 1300 cm’
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and Po, at 23°C — 50% R.H. equal to 0.080 cm’

atm™ tray”' 24 h™" were welded through a semi
permeable polymeric film (mod. F410
ANTIFOG - Coopbox®) with Poz, at 23°C and

0% R.H., equal to 1.3 cm®> m?224 h'! atm™! and
PCOz’ under the same conditions, equal to 4.5
cm® m? 24 h' atm”. The permeability to
nitrogen, under the reported conditions,
resulted inferior to 1 cm® m™ 24 h™' atm™ and
the permeability to the aqueous vapour,
measured at 38°C and in presence of the 98%
R.H., was 5.1 gm?224h™.

After the sizing step, packages were filled
with two different atmospheres, in particular
air (78% N, — 21% O, ~ 0.03% CO,) and 100%
O, and, then, preserved at 4+1°C for different
times (0, 1, 2, 3, 5, 6, 7, 9, 10 days). All the
analyses were performed both on the control
(no-packaged) and on the packaged product.

Chlorophyll analysis

The procedure for chlorophyll analysis was
based on those reported by Jeffrey and
Humphrey (1975). Two leaf disks of known
leaf area (about 2 cm?® each) were grinded in
about 5 ml of 90% acetone, then transferred to
a centrifuge tube and brought to exactly 10 ml
with additional 90% acetone. Tubes were
shaken and then put in the dark for 10-15
minutes. Samples were centrifuged at 1800-
1920 r.p.m., the supernatant were collected for
reading in the spectrophotometer (HACH mod.
DR/2000) at absorbances of 647, 664 and 750
nm. This last was used to adjust interferences.
The total chlorophyll was calculated in
according to the followings formulas:

A664 (final) = A664 — A750 [1]
A647 (final) = A647 — A750 [2]
chl a=11.93(A664) — 1.93(A647) [3]
chl b =20.36(A647) - 5.50(A664) [4]
chl total (ug ml™") = chl a + chl b [5]

Nitrates analysis

The analysis of the nitrates was affected on
samples dried in stove at 60°C. The dry leaves
were grinded in a mill (ANALYSENMUHLE -
type A 10) and put in doses of 0.5 g in
numbered matrass and filled with 100 ml of
distilled water. After agitation for one minute,
50 ml of the content of the matrasses was
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poured in becker. A spoon of active carbon was
added. Subsequently the becker content was
filtered twice and picked in graduated
cylinders, from which 10 ml were withdrawn
and put in cuvettes. A volume of 25 ml of
distilled water was added. The reagent Nitraver
5 (Hach, Permachen Reagents) was poured in
the cuvettes that were then covered for 5
minutes and, finally, submitted to
spectrophotometric analysis (HACH mod.
DR/2000) at 500 nm. The results furnished the
percentage of nitric nitrogen (N-NOs) on the
dry sample, from which it was possible to
calculate the content of nitrates expressed in
mg kg of fresh product.

Dry matter

The dry matter was determinated after
drying the fresh product and the preserved
samples in stove at 100°C until steady weight.

Colour

Colour evaluation was performed by means
of a colorimeter MINOLTA (Chroma Meter,
model CR-300), equipped with three pulsed
xenon lamps and a white calibration plate as a
standard. The parameters L*, a* and b¥,
defined according to CIELAB-system (1976),
were measured.

Chemical indexes

The measures of pH and total soluble solids
(TSS) were carried out on broccoli juice,
obtained by centrifugation of leaves for 12
minutes at 12000 r.p.m. (ALC Multispeed
Refrigerated Centrifuge, mod. PK 131-R). The
pH were determined by means of a Mettler
Toledo pHmeter (mod. MP 220), while TTS
were determined by wusing a digital
refractometer (ATAGO Palette, mod. PR-32)
and expressed as °Brix.

Headspace analysis

Samples were submitted to qualitative gas-
chromatographic analysis with the purpose to
evidence the volatile compounds that
characterize the aromatic profile of broccoli
during the storage period. For this analysis a
Gas-Chromatograph/Mass-Spectrometer ~ was
used (GC/MS).

Volatile analysis was performed with an
headspace auto sampler (Agilent mod. 7694,
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USA) tied to gas chromatograph (Agilent
Technologies, mod. HP 6890, USA) equipped
with a 30 m x 0.25 mm ID, film thickness 0.25
um capillary column (HP-5MS, Agilent
Technologies, USA) and a mass spectrometer
(Agilent Technologies, mod. HP 5973). Gas
carrier was Helium (flow 1.2 ml min™) and split
injector ratio was 1/5. Broccoli leaves (~ 2 g)
were put into headspace vial (50 ml) and
equilibrated in auto sampler at a temperature of
80°C, then sampling for 1 min before the
injection in column. Transfer line temperature
was 100°C. Oven temperature was kept at 40°C
for 4 min, then to 120°C for 5 min, at 7°C min'l,
then from 120°C to 220°C at 10°C min™', kept
hold for 10 min. Injector temperature was
270°C. Mass spectrometer operated in scan
mode over mass range from 35 to 350 amu (2 s
scan’') at an jonization potential of 70 eV. Mass
spectral matches were made by comparison of
mass spectra and retention time with those of
MS database (NIST 98 e WILEY 275).

Data processing

Data were analyzed (ANOVA and Least
Significant Difference test) in order to
individualize the effect of factors time,
atmosphere and fertilization on quality indexes
and to evidence significant differences among
samples (o = 95%).

Results and Discussion

At the end of the growing cycle, the yields
registered were 30.8 and 26.2 t ha” for the
samples submitted to sulphuric fertilization
(+S) and without it (-S), respectively (Table 1).
The presence or the absence of a sulphuric
fertilization did not provoke differences in the
production during the different harvests. The
one that mostly contributed to the total yield
was the first, in particular with 46.8% (+S) and
47.7% (-S), even if in the firms the last harvest
is often not effected because it is not
convenient from an economic point of view, or
because qualitatively not satisfactory (because
of tissues hardness due to the lignification
process beginning).
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Table 1. Distribution of the production in the
different harvests.

Fertilization
Harvest +S S

tha' %tot tha' % tot
1™ 14.4 46.8 125 477
P 8.9 289 73 27.9
31 5.3 172 46 17.6
4™ 2.2 7.1 1.8 6.9
Total 30.8 100 262 100

Samples growth in presence of the sulphur
fertilization (+S) showed a chlorophyll content
on average of 25% higher than that of non-
fertilized samples (-S). This result is positively
correlated with the greater productivity found
for the crops submitted to sulphuric treatment.
Both the chlorophyll and the nitrates contents
in broccoli were similar if packaged in air or in
100% O,. During the storage, it was observed a
continuous loss of chlorophyll between 25 and
30% after six days (Table 2). As it regards the
nitrates content, it appeared rather constant
(829-837 mg kg FW™). This could be probably
explained with the greater content of
chlorophyll that, promoting the photosynthesis,
would facilitate the organication of the nitrates.

The effect of the sulphuric fertilization
influenced the chlorophyll content, while it did
not have effect on the nitrates content.
Moreover, the protective atmospheres showed
not to have effect on the parameters of Lingua
di cane broccoli and during the storage there
were variations of the chlorophyll content, but
not of that of nitrates. The three variables,
finally, in any case didn’t interact each other in
a significant way, as it is possible to observe in
Table 2.

In opposition to their substantial constancy
during the storage period, the colorimetric
parameters showed significant differences in
function of the addition of sulphur into the soil.
In fact, leaves derived from fertilization
without sulphur applied (-S) had low -a*
values (greeness), that indicated a sample more
green, and high +b* values (yellowness), to
which corresponded a product more yellow, in
comparison to those growth in a soil fertilized
with sulphur applied (+S) (Table 3).
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Table 2. Chlorophyll and nitrates contents on fresh weight (FW) of broccoli leaves in function of
experimental variables.

Variables Chlorophyll (mg g FW™')  Nitrates (mg kg FW™)
e e +S 4.73 818
f;)l'tlllzatlon .S 374 731
o n.s.
Protective Atmosphere 100%0, 415 792
Air 4.32 807

(P.A))

n.s. n.s.
0 4.89 829
(S]t)‘;mge days 3 4.09 732
6 3.74 837
*k n.s.
FxP.A. n.s. n.s.
Interactions FxD n.s. n.s.
PA.xD n.s. n.s.

+S = sulphur fertilization; -S = control. * Significant at p < 0.05, ** Significant at p < 0.01; n.s. = not significant.

Evaluating both the storage time and the
different suphur treatment on the colorimetric

0

coordinate a*, it was observed (Figure 2) a 2 _;_js
differentiation on the behaviour of samples. 1

After the first three days of storage, in fact, 61

broccoli cultivated without added sulphur 5

resulted to be greener. The same behaviour was K o

observed for the colorimetric coordinate b* ; iﬂ

(Figure 3). Also in this case, samples differed
each other after the third day and the samples (-
S) were those that presented a more intense
yellow coloration. Values of both colorimetric 8 : : : :
parameters did not differ significantly if 0 2 ¢ 6 8 10
considered in function of the only temporal
variable.

The packaging in air, in comparison to that Figure 2. Effect§ of fertilizat.ion on a* values
in presence of 100% O,, determined a greater (The asterisks indi(;::l:tlel‘sligligfi;tll(t)ggfe%?nﬂi?t%ﬁ&%*, p<0.01%%),
brightness (L*) of the broccoli leaves.

Moreover, the protective atmosphere resulted
to influence the dry matter determining a
difference of 0.24% less for samples preserved
in air, while during the storage the decrease
resulted to be of 1.5%. This parameter, in
accord with other works on the brassicaceae
and on other minimally processed products
(Serrano et al., 2006), increased during the time

Storage time (days)

25

in all the analyzed samples, from an initial | ——
value of 13% for the control, to 14.5% after 9 T
days of storage (Table 3). o 2 4 6 5 10

Storage time (days)

Figure 3. Effects of fertilization on b* values

during storage time.
(The asterisks indicate significant differences at p<0.05%, p<0.01**).
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Table 3. Colour parameters, dry matter (DM) percentage, pH and total soluble solids (TSS) of broccoli
leaves in function of the experimental variables.

Colour
Variables DM pH 'I;SS.
L* a® b* (%) (°Brix)
Fertilization +S 39.63 -13.73 17.15 14.01 590 1.57
-S 4040 -14.59 19.16 13.90 594 1.56
(F) n.s * * n.s n.s n.s
Protective Atmosphere 100%0, 3947 -1422 17.86 13.86 592 157
Air 40.56 -14.10 18.49 14.10 592 1.54
(P.A.) * n.s n.s * n.s n.s
0 41.31 -14.37 17.80 13.00 567 157
1 40.33 -14.41 1845 13.57 5.86 1.56
2 37.96 -13.93 18.59 1341 6.03 1.51
Storage days 3 4192 -1493 17.04 14.07 595 1.46
(D) 5 37.73 -16.28 18.42 14.24 596 1.54
6 4196 -14.44 19.61 14.28 6.09 1.55
7 39.01 -1391 17.70 14.54 593 1.60
9 3992 -14.79 17.79 14.54 587 1.68
n.s. n.s. n.s. K * *
FxP.A. ns. n.s. n.s. wE * n.s.
Interactions FxD n.s. * * *k n.s. n.s.
PA.xD ns. n.s. n.s. K n.s. n.s.
Coeff. var. 6.52 20.88 2239 148 11.04 20.09

+S = sulphur fertilization; -S = control. * Significant at p < 0.05, ** Significant at p < 0.01.

Significant level: p < 0.05%; p < 0.01**; n.s. = not significant

The interaction “fertilization x days”,
showed a high significance for the water
content of the samples. During the first five
days of storage, both (+S) and (-S) samples
showed a linear decrease of water content until
to lose around the 1%. Subsequently the
samples (-S) maintained almost constant this
loss until the ninth day, while those (+S)
continued to lose water, even if with more
slowly. The behaviour of the broccoli (-S)
resulted to be analogous to that of plants
submitted to stresses, that tried to “safeguard”
water through modification of the tissues, in
this case was probably due to the not
immediate availability of sulphur.

Evaluating  the  effect  “protective
atmosphere x days”, the samples exhibited,
instead, the same decrease at the end of the
storage (- 1.5%); it is interesting to notice,
however, that those packaged in air exhibited
an initial loss faster in the time, resulting on
average less rich of water (85.90%) in
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comparison to those packaged in 100 % O,
(86.14%) (Figure 4 and 5).

88

% Water

85 4

84

0 2 4 6 8
Storage time (days)

Figure 4. Interaction “fertilization x days” for
the water loss.
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88

——o—100% O2

---A- - Air

% Water

85 1

84

0 2 4 6 8 10
Storage time (days)

Figure 5. Interaction “protective atmosphere x
days” for the water loss.

For all the analyzed samples the variation
of pH was only observed as function of the
days of storage, showing an increase from the
initial value of 5.67 to a maximum peak of 6.09
at the sixth day. In the following days,
probably because of the increase of metabolic
activity of the contaminating microflora, a light
decrease was observed until a pH value of 5.87
at the end of the storage (Figure 6 and Table 3).

6,1 =3

R? = 0.7228

57

5.6

0 2 4 6 8 10

Storage time (days)

Figure 6. pH values during the storage time.

Also the data related to TSS content
revealed significant differences during the

storage period. In opposite to what it was found
for the pH, the TSS decreased in the first three
days from values of around 1.56 to 1.46 and
then increased up to 1.68 in the last day of
storage (Figure 7 and Table 3). This behaviour
could be explained with the respiration of the
product in the first days of storage and
consequent consumption of sugars, to which a
greater microbial proliferation, and therefore
their polysaccharidic activity, could follow
during the time.

1.8

1,75 A

R? = 0.8947

T T T T
0 2 4 6 8 10
Storage time (days)

Figure 7. °Brix values during the storage time.

The Lingua di cane leaves were, then,
submitted to qualitative gas-chromatographic
analysis with the purpose to evidence the
volatile compounds that characterize the aroma
and the odour of broccoli during the storage
period. This analysis was carried out only on
the samples packaged in air. The volatile
organic compounds (COV) extracted by the
static headspace of the packages are expressed
in concentration % different both during the
storage that in the samples fertilized or not with
the added of sulphur. The Table 4 reported for
each compound the relative percentage area of
its own peak in comparison to the total area of
all the extract compounds.
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Table 4. Evolution of volatile compounds (%) of broccoli packaged in air during the storage.

Storage time (days)

Compounds . 1r 3 6 10
+S) (S +S) (-9 +S) (-9 +S) (S
1 Metanthiol 100.00 55.66 5.76 3.46 3.30 4.13 2.28 1.44
2 Allyl isothiocyanate - - 16.11  1.28 32.89 37.25 266 71.49
3 Dimethyl sulfide - 12.97 7.09 11.15 11.27  9.36 1.85 -
4 1-ciano 4 methyl pentan - - - - - - 2.07 -
1-ciano-4-
5 (methylthiojbutan : : - 1056 - 259 : :
O erucin nitrile
6 |-clano->- N - 6690 - 1738 061 -
(methylthio)pentan ) ) ’ )
7 terz-butylisothiocyianate - 14.70 62.95 3.81 51.16 29.29 87.99 26.61
8 1-butyl,4-isothiocyanate - 14.21 8.09 2.84 1.38 - 2.54 -
9 Dimethyl trisulfide - 0.73 - - - - - 0.46
The (-S) samples always showed a greater packages was the terz-butylisothiocyianate
number of volatile organic compounds (63%), while in the samples (-S) it was

characteristic of Brassicaceae in comparison to
(+S) samples, with the exception of the tenth
day of observation. In particular, in the first
day of storage it was possible to note the most
greater difference among the two theses: the
metanthiol (1) was the only COV quantitatively
extracted by the headspace of the broccoli (+S)
(Figure 8a), while in the headspace of the
samples (-S) appeared also the dimethyl sulfide
(3), the 1-ciano-5-(methylthio)pentan (6), the
terz-butylisothiocyianate (7), the 1-butyl,4-
isothiocyanate (8) and the trimethyl sulfide (9).
Among these, the COV mainly present was the
metanthiol, while the isothiocyanates (7, 8)
resulted to be present in the same percentage
(around 14 %); the trimethyl sulfide (9) was
present only in traces (Figure 9a). At the third
day of storage the headspace of both the
typologies of samples became wealthy in
characteristic ~ aromatic ~ compounds. In
particular the samples (+S) of allyl
isothiocyanate (2), dimethyl sulfide (3), terz-
butylisothiocyianate (7) and 1-butyl, 4-
isothiocyanate (8); while the samples (-S) of
the COV 3 (dimethyl sulphide) and of the 1-
ciano-4-(methylthio)butan (5). In the samples
(+S) the characteristic volatile compound
mostly present in the headspace of the
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possible to evidence the notable presence of the
compound 6 (67%). In both cases the reduction
of the metanthiol (1) was noticed. It was
interesting to note that from the third to the
sixth day of storage for both the theses the
qualitative profiles were unchanged, with the
only exception of the 1-butyl,4-isothiocyanate
(8) that was not found in the sample (-S)
anymore. There were, besides, principally for
the sample (-S), an enrichment, in the
headspace, of dimethyl sulphide (3).

At last day, there was the appearance in the
headspace of the samples (+S) of the
compound 6 and of the 1-ciano 4 methyl
pentan (4): this last was found only in such
typology of sample (Figure 8b). In the
headspace of the samples (-S), instead, a
drastic change of the percentage composition
of the COV was observed (Figure 9b). Only
four compounds were present (1, 2, 7, 9),
among which the principal resulted to be the
allyl isothiocyanate (71,49%). The terz-
butylisothiocyianate (7) resulted constant in
comparison to the sixth day, while the
metanthiol (1) and trimethyl sulfide (9) were
found only in traces. This last compound (9)
was exclusively found in the samples (-S), as
the 1-ciano 4 methyl pentan (4).
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With regard to total glucosinolates, Vallejo
et al. (2003) reported that there were no
significant differences between the highest value
with poor fertilization (66 pmol g in the
second development stage) and the highest
value with the rich one (64 pmol g in the third
development stage), both of them found in the
cultivar of broccoli Monterrey. During the
normal development of a cruciferous plant,
volatile hydrolysis products are constantly
released at low concentrations, probably as a
result of damage and cell death (Cole, 1980).
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This could explain the decrease of glucosinolate
concentration found in work of Vallejo et al.
(2003) in proportion to broccoli inflorescence
development. On the other hand, total
glucosinolate  concentrations  showed no
significant differences between poor (15 kg ha™)
and rich (150 kg ha™') sulphur fertilization, in
contrast to the results reported in Brassicaceae
(Marschner, 1995). Our research resulted to be
in accord with this last author, in fact, at the
end of storage, in headspace of samples growth
in soil fertilized with sulphur, there was a
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greater percentage concentration of
isothiocyanates, products of the hydrolysis of
glucosinolates. This result could be explained
because of the sulphur enters in the
biosynthesis of sulphured aminoacids, that are
precursors of glucosinolates.

Conclusions

From an agronomic point of view, the
applied sulphur in the suitable quantity
provoked a productive advantage on average of
18%. Nevertheless, it necessary to appraise the
productive answer to inferior doses and the
economic convenience of such treatment.
However a positive “physiological” effect must
be signalled tied up to the chlorophyll increase
of 35% with the sulphuric fertilization. From a
technological point of view, comparing two
different way of packaging adopted for the
ecotype Lingua di cane (air and 100% O,), the
results of the instrumental analyses did not
shown significant differences during the
storage.

Gas-chromatographic analysis, effected on
the static headspace of the broccoli, revealed
the presence of isothiocyanates, nitriles,
thiocyanates and sulphurs. The evolution of the
organic volatiles compounds over the time
suggests differences among the samples due to
the raw material. In fact, the fertilization with
the added of sulphur provoked, at the end of
storage, the presence of a great percentage of
isothiocyanates, a product of the hydrolysis of
glucosinolates, characteristics compounds of
broccoli.
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