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cfu/ml values were 10°-10° in both areas of the drum after the 60th storage day.
At 10C the behavior was the same: about 10 cfu/ml had been found after 30
days. Finally, at 4C the yeast reached 10’ cfu/ml after 45 days in both sampling
areas. Regarding mold, no growth in the sampling areas was seen.

INTRODUCTION

The temporary storage of semifinished tomatoes is usually brought about by
sterile packaging of pulp, diced, double and triple tomato concentrates. Among
the numerous advantages of this technology, we cannot fail to mention that
during the canning season the preparation of semifinished and reworked product
can be kept separate. The reworked product is essentially used to make sauce
for canning. In the case of double and triple tomato concentrates, however,
because of the high costs for sterile production it is still the practice in some
regions of Italy and other Mediterranean countries to store partially refined
tomatoes 1n 1380-220 L plastic drums under nonaseptic conditions.

This semifinished product has found a good market above all because of the
low cost, and it is often blended with other costlier semifinished tomatoes of
good quality (Leont and Bellucci 1980).

The technology behind packaging a semifinished product requires that the
fruit be canned in nonsterile drums at relatively low temperature (65-70C). In
addition, since the drums cannot be closed immediately because their walls
undergo mechanical stress during cooling these products are subject to easy
contamination. What is more, the superficial storage with salt (under widespread
use) quickly alters the product. Moreover it is a more or less diffuse practice to
store this product on truck loading grounds at the processing plant where, in
absence of properly sealed cover, the product is exposed to the high
temperatures uspally occurring in these regions during summer (the season
coinciding with tomato production and refinement).

Technical-scientific studies regarding these nonsterile products are scarce,
especially those concerning variations of composition correlated with taste and
smell changes. There is also scarce analytic data for better quality blend and for
technological data about the best storage time and temperature to limit
compositional changes.

Based on these considerations, this first study attempts to correlate the
fermentation profile (microbial growth) with the composition (metabolite
production) found in these semifinished products and to evaluate this change at
three different storage temperatures. Finally, we evaluated the compositional
difference between the same product at the bottom of a drum with the product
at the top of a drum, where the oxygen tension is presumably higher.
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MATERIALS AND METHODS

Tomato Samples

mixed in a tank to guarantee homogeneity and then filled at 68-70C.

Two drum lots each were stored at three different temperatures (4, 10 and
25C) for a total of 210 days. Two samples of tomato concentrate were drawn
from each drum at various storage times. These were taken 10 cm from the top
surface, and 15 cm from the bottom by a 4 cm cylindrical probe (Fig. 1). A 3
cylinder probe, 4 cm in diameter, was used to guarantee that the samples were
evenly represented. The probe was sterilized by immersion in an alcoho]
solution of Iosan (Ciba-Geigy) and passed through a flame immediately before
sampling. |

Microbiological Analysis (Lactic Acid Bacteria, Molds and Yeasts)

Lactic acid bacteria cell counts were carried out on Rogosa Agar (Oxoid)
by pour plate technique; petri plates were then incubated at 30C for 24-48 h
(Rogosa er al. 1951). Then catalase tests and microscopic observations were
carried out. The catalase-negative bacterial colonies were counted and
considered as lactic acid bacteria. Yeast and mold counts were carried out in
Malt Extract Agar (Oxoid) acidified to pH 4.0 with 50% citric acid solution
sterilized by filtration; petri plates were then incubated at 30C for 48-72 h
(Galloway and Burgess 1952); colonies were finally observed by MICroscope.

The cellular growth velocity is defined by r, = dX/dt where X is the
cellular concentration of the microorganism (expressed as cfu/ml) and t is the
time. From the ratio between r, and X at various sampling time, one calculates
the specific growth velocity, expressed as u(titne™) = (dX/dt) - (1/X).

Analytical Determinations

For proximate analyses, the soluble solids, expressed as “Brix, were
determined by measuring the refractive index at 20C. The total solids were
determined by oven drying 10 g of sample, under vacuum at 70C, to constant
weight. Titratable acidity (total acidity), expressed as citric acid monohydrate,
was determined by titrating a 10 g sample to end-point pH 8.1 with 0.1 N
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NaOH, according to Metod: Ufficiali di Analisi delle Conserve Vegetali
(MUACYV 1961). The volatile acidity was determined according to International
Federation of Fruit Juice Producers method 5 (IFFJP 1962) calculated as acetic
acid and expressed in g/100. The pH was determined potentiometrically at 20C
by a Crison pH meter TT2050. Total sugars were determined by the MUACYV
(1961) procedure. The hydroxymethylfurfural (HMF) content was determined by
reference to a standard curve according to IFFJP (1972) method 12. Briefly, the
determination principle 1s that HMF reacts, like various other aldehydes, with
barbituric acid and p-toluidine forming a red-colored compound. The intensity
of the red color (read in a spectrophotometer at 550 nm) depends on the amount
of HMF and can therefore be used as the basis of a quantitative colorimetric
determination. D- and L-lactic acids, ethanol and acetic acid were determined
by enzymatic methods (Boehringer Mannheim Biochemicals 1980). Luminance
(L* value), redness (a* value) and yellowness (b* value) were measured using
a tristimulus Hunter colorimeter model D25A. Standard plate N° C20-2105 with
Hunter L* value of 25.8, a*value of 28.6 and b* value of 12.9 was used as a

reference. The Hunter color values were measured at a soluble solids level of
8.2%.

Sample Preparation for Diacetyl Determination

The diacetyl was determined spectrophotometrically. Tomato paste (10 g)
was diluted with 200 ml of H,O. The prepared sample was distilled at 100C and
the first 25 ml of distilate was collected. «-Naftol (5 ml) in isopropyl alcohol
(obtained by dissolving 5 g of «-naftol in 100 ml of 95 % isopropyl alcohol) and
2 ml of creatine solution (from 20 g of KOH and 0.15 g of creatine in 50 ml of
H,0) were added to 10 ml of distillate and shaken for 15 min. The red color
produced was measured photometrically against air at 545 nm and compared to

a standard curve obtained using diacetyl as a standard (standard curve ranged
0-3 mg/kg).

Sample Preparation for Sugar Determination (Glucose and Fructose):
HPLC Analysis

Tomato paste (10 g) was diluted to 50 g with distilled H,O and clarified by
centrifugation at 12000 X g for 15 min. The clarified extract was filtered
through 0.45-um Millipore filters. A sample of 20 ul was used for analysis. A
Merck Lichrosorb NH, (10 um) cartridge was used. The eluent consisted of
acetonitrile-water (80:20), which was degassed and filtered through a 0.22 um
Millipore filter. A Waters-Millipore 600E liquid chromatograph was employed
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and a differential refractometer (Waters-Model 410) was utilized as a detector
for sugar analysis. |

Sample Preparaﬁon for Acid Determination (Citric, Malic and Succinic):
HPLC Analysis '

Tomato paste (30 g) was diluted to 50 g by H,O and clarified by
centrifugation at 12000 X g for 15 min. The clarified exiract was filtered
through a 0.45 um Millipore filter; 10 ml were chromatographed through a
cation-exchange column [AG-I-X8, (HCOO —) Bio-Rad] and washed with water
to a total volume of 100 ml. |

The organic acids were eluted with 6M formic acid (about 130 ml),
collected, and evaporated. The dry samples were recovered with water (10 mi)
and filtered through a 0.45 pm Millipore filter before HPLC analysis.

A Merck Lichrosorb RP-18 (10 um) cartridge was used for HPLC analysis.
The eluent consisted of water adjusted to pH 2.4 with H,PO, at a flow rate of
2.0 ml/min. A Waters 410 differential refractometer was used as detector.

Statistical Analysis of Resuits

Analysis of variance (Snedecor and Cochran 1980) was used to determine
differences in mean values obtained from results of six determinations 1n
duplicate for each sample. Significance was determined at P = 0.05.

RESULTS AND DISCUSSION

Microbial Growth During Storage

The number of lactic bacteria and yeast at different storage temperatures 18
shown in Table 1. At the starting time, the numbers of yeasts and lactic bacteria

both fell within the range of 0-10 ctu/ml.

Influence of Storage Conditions on Lactic Bacteria Levels. At4C (Table
1), for storage time exceeding 120 days, the concentration of lactic acid bacteria
in both sampling areas (top and bottom drum) was greater than 10° cfu/ml. At
shorter storage time, the lactic acid bacterial growth-curve was different. In fact,
for top level samples, 10° cfu/ml were already present at about 60 days and
remained almost constant until the end of storage. In coitrast, in the bottom




TABLE 1.

LACTIC ACID BACTERIA AND YEASTS COUNTS FROM TOMATO PASTE
STORED AT 4, 10 AND 25C

o 5D

Storage Sampling Lactic Acid  Bacteria® YeastC
(Day) 4 C 10 C 25 C 4 C 10 C 25 C
0 <10 <10 < 10 < 10 < 10 < 10
15 24x100 26x103 19x100 1.8x100  13x103 6.4x103
30 10x100 13x103 20x10Y 58x102 40x10% 64x103
45 T L4x10%  40x107 6.0 105 30x109 SsoxIot 2.6x104
60 0 1.0x10° 25x108  12x105 22x10% 12x107 3.5x10°
75 pa 10x10° 20x10% 20x10% 26x10° 16x100 28x103
90 13x10° 12x108  6.0x10% 1.2x10% 14x107 56x10°
105 36x10° 44x107  80x 103 80x10% 26x106 73x105
120 70x10° 30x107 80x103 80x10° 40x10% 22x10°
180 26x100 1.4x107 11x105 L4x 108 12x109 1.7x109
210 54x100 93x100 12x103 30x100  19x10% 3.9x106
0 <10 <10 <10 <10 <10 <10
15 3.6x100  52x102  44x10° 22x10% 48x102 88x103
30 B 1.0x104  12x10%  8.0x103 6.6x102 14x105 1.2x103
45 0 1.2x10% 40x107 80x106 1.0x10° 22x105 54x10t
60 T 30x10%  12x108 70x107 18x10% 10x10° 4.4x106
75 T 20x10%4 40x10% 40x10d 40x10% 26x107 70x103
90 O 13x10% 40x107 30x10% 68x10%* 60x105 80x10°
105 Mb 1.0x10%  32x107  1.4x10t 22x10% 80x106 26x105
120 28x10° 90x107 3.4x104 9.0x10% 30x100 5.4x104
180 1.3x10° 10x108 10x10t 26x109 1o0x105 1.1x103
210 $8x10 2.1x107 39x10t 1.2x10% 18x106 1.1x10%

e e e

2 The sample was taken at 10 cm from the drum tc)p.bﬂ'le sample was taken at 15 cm from the drum bottom.
© The counts are expressed as cfu/mL

level samples, lactic acid bacteria concentrations remained constant between 45
days (1.2 10* cfu/ml) and 105 days (1.0 10* cfu/ml) and rose to 10° cfu/ml at
120 days and thereafter.

This trend was probably due to composition changes in the substrate
occurring during storage. In these conditions the growth and inactivation of
various strains are influenced by the type and concentration of metabolites
produced. Since some strains are rapidly inactivated, others may also develop
because of decreased microbial competition.

At 10C (Table 1) there appears to be no substantial difference between
growth curves of lactic acid bacteria in the top storage samples compared with
the bottom ones. 10°-10* cfu/ml are present at about 30 days. As seen in Table
1, the bacteria growth curve continues to rise until 45 days and then levels off
(107-10° cfu/ml) until the end of storage. f
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At 25C (Table 1), the growth of lactic acid bacteria was rapid. At 15 days
the concentration reached 10° cfu/ml for both samples (top and bottom sites of
the drum). The findings in Table 1 also show that at storage time exceeding 60
days the concentration of lactic acid bacteria in the top and bottom samples
tended to decrease with storage temperature until leveling off within a range of
10°-10* cfu/ml. These findings show that the lactic acid bacteria growth-curve,
as predicted (Kandler and Weiss 1986), is not only dependent on storage time,
but also and primarily on more aerobic conditions that probably occur in the top
of the drum compared to those occurring at the bottom. These findings are in
agreement with those reported by Lucey and Condon (1986) who found a higher
rate of growth under aerobic conditions using some strains of Leuconostoc and
with a greater production of acetate compared to anaerobic conditions.

Influence of Storage Conditions on Yeast Levels. At 4C (Table 1) the
yeast growth-curves were identical (approximately 10° cfu/ml) after 45 storage
days in the top and bottom areas of the drum. Instead, at higher storage
temperature, the difference between top and bottom drum areas become relevant.
In fact, at the top area of the drum, the number of yeasts continued to rise atter
45 days until reaching approximately 10° cfu/ml, and then remained constant
until the end of storage. By contrast, at bottom area of the drum, the yeast
sumbers remained almost constant, at about the value found on the 45th storage
day, and only at the end of the storage reached 10° cfu/ml.

At 10C (Table 1), the difference in the number of yeasts is still higher than
before. In fact, the content of yeasts after 30 storage days was about 10* cfu/ml
in the upper area of the drum, and this 1s substantially lower than observed at
the same storage time in the bottom sampling area (about 10° cfu/ml). The
concentration of yeasts in both sampling areas became constant at 10® and 10’
cfu/ml after 75 days of storage and remains so for the duration of the storage
period. Finally, at 25C, the data reported in Table 1 show immediate growth in
both the upper and lower areas of the drum with values reaching 10° cfu/ml at
the 15th day and remaining between 10° and 108 cfu/ml after 60 days of storage.

Metabolite Production and Specific Growth Rate. To determine the
nfluence of different metabolites produced during storage on the growth of
yeasts and lactic acid bacteria, Fig. 2-7 report the specific growth rates (day ")
as influenced by ethyl alcohol, acetic acid, diacetyl and lactic acids D-L.

The first finding to emerge from examination of the data reported in Fig.
24 is the varying level of ethanol produced during the 210 days of storage.
There was a lower production at 4C (maximum concentration 9 g/kg) compared
to the product stored at 10C (maximum concentration 32 g/kg) and at 25C
(maximum concentration 38 g/kg). '
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It 18 noteworthy that the inhibition of yeast growth seen at different
temperatures occurred almost always at ethanol levels reaching 4g/kg. The only
exception 1s the product stored at 4C, which presents inhibition of the lower area
sample (Fig. 2) with ethanol levels nearing 2g/kg. Generally speaking, the
accumulation of ethanol from the fermentation of sugars by yeast does not
appear to have the same inhibitory effect on lactic acid bacteria. As shown in
Fig. 5-7, these latter had a lowered specific growth rate at different times,
which seems to be coupled more with the ethanol than sugar level.
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FIG. 2. EVOLUTION OF YEAST SPECIFIC GROWTH RATE, OF THE ACETIC ACID
AND THE ETHANOL PRODUCT ON TOMATO PASTE STORED AT 4C
( ) yeast specific growth rate (top), () yeast specific growth rate (bottom),
(V) ethanol production (top), (A) ethanol production (bottom),
(®) acetic acid production (top), (2) acetic acid production (bottom),

Af 25C, 1nhibition of lactic acid bacteria in the top and bottom areas was
almost immediate, the maximum occurring at about 25-30 days (Fig 7). At 10C
the maximum inhibition in the top area of the drum occurred at approximately
90 days, while in the bottom area it occurs at about 75 days (Fig 6). At 4C (Fig.
5), the specific growth velocity in the top and bottom areas was almost always
greater than zero; indeed, there appears to be no inhibition during storage.

‘Examination of the analytical data in Tables 2,3 and 4 clearly reveals that
the fermentation of all samples stored at different temperatures features an
increased Fru/Glu ratio and a lowered sugar quotient (SQ% =((Fru+Glu)/total
solids)) X 100). The latter parameter (SQ%) appears to be linked to 4 slowed
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FIG. 3. EVOLUTION OF YEAST SPECIFIC GROWTH RATE, OF THE ACETIC ACID
AND THE ETHANOL PRODUCT ON TOMATO PASTE STORED AT 10C
( ® ) yeast specific growth rate (top), () yeast specific growth rate (bottom), (V) ethano}

production (top), (A) ethanol production (bottom), (™) acetic acid production (top),
(1) acetic acid production (bottom).
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FIG. 4. EVOLUTION OF YEAST SPECIFIC GROWTH RATE, OF THE ACETIC ACID
AND THE ETHANOL PRODUCT ON TOMATO PASTE STORED AT 25C
( ¢ ) yeast specific growth rate (top), (<) yeast specific growth rate (bottom), (V) ethanol

production (top), (A) ethanol production (bottom), (®) acetic acid production (top),
(9) acetic acid production (bottom).
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FIG. 5. EVOLUTION OF LACTIC ACID BACTERIA SPECIFIC GROWTH RATE, OF THE
D-L LACTIC ACIDS AND DIACETYL PRODUCT ON TOMATO PASTE STORED AT 4C
(a) lactic acid bacteria (top), (4) lactic acid bacteria (bottom), (®) L-lactic acid (top),
to) L-lactic acid (bottom), (v) D-lactic acid (top), (V) D-lactic acid (bottom),

(®) diacetyl (top), () diacetyl (bottom).

growth velocity specific for lactic acid bacteria found in stored samples at
different temperatures and seems to be correlated with the different storage
temperature conditions. In fact, with the sample stored at 25C, the inhibition
(Fig. 7) was present in the top and bottom zones at about 30 days with the
sugars quotient at 30% and about 40%, respectively. At 10C the inhibition (Fig.
6) occurred in the top area at about 90 days. This corresponds to a sugars
quotient which was the same as that found in the upper product at 25C (26.2%
in Table 3). The same behavior was found in the lower area of the drum where
the sugars quotient was 40.9 (in Table 3). For the product stored at 4C (Fig. 5)
the absence of a marked inhibition of lactic acid bacterial growth seems to be
linked to the finding that the sugars quotient was always above 40% during
storage. This suggests different lactic acid bacteria behavior linked both to the
different aerobic conditions probably occurring in the product and to the sugar
availability within the product. Since the sugar content remained high (sugars
quotient > 40%) growth inhibition did not occur. Conversely, when this value
neared 40%, the growth of lactic acid bacteria subjected to low oxygen levels
(bottom samples) was inhibited, whereas the same occurred for the upper
samples with much lower sugars quotient (sugars quotient < 30%). This last
finding is in agreement with data reported by Kandler and Weiss (1986). They
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FIG. 6. EVOLUTION OF LACTIC ACID BACTERIA SPECIFIC GROWTH RATE, OF THE
D-L LACTIC ACIDS AND DIACETYL PRODUCT ON TOMATO PASTE STORED AT 10C
(a) lactic acid bacteria (top), (A) lactic acid bacteria (bottom), (@) L-lactic acid (top),

(0) L-lactic acid (bottom), (¥) D-lactic acid (top), (V) D-lactic acid (bottom),

(#) diacetyl (top), () diacetyl {(bottom).

found that in aerobic conditions many microbes can reoxidize NADH,, using
oxygen as an electron acceptor, so that acetyl-CoA 1s not compleiely reduced to
EtOH. Under these conditions more ATP is produced and may be used by
microbes for growth. Regarding the production of different metabolites, the data
concerning acetic facid (Figs. 2-4), D-lactic acid, L-lactic acid and diacetyl (Fig.
5-7) are reported. The analysis of variance revealed that for the samples taken
at the two heights (top and bottom) the analytical compositionai findings were
significantly different, while no significant difference was seen in the samples
taken at the same height (horizontal variance) but at different sites.

There was an upward trend in acetic acid growth at all storage temperatures.
However, as to be expected the content of acetic acid differed notably with the
different storage temperatures. At 4C (Fig. 2) there was almost the same acetic
acid production at the top and at the bottom areas, although it was slightly
higher in the top area of the drum.

At 10C (Fig. 3) the greatest production of acetic acid occurred in the top
part of the drum. At 25C we saw (Fig. 4) an acetic acid production that was
very fast. After 15 days it reached 0.6-0.7 g/kg in both the top and bottom
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FIG. 7. EVOLUTION OF LACTIC ACID BACTERIA SPECIFIC GROWTH RATE, OF THE
D-L LACTIC ACIDS AND DIACETYL PRODUCT ON TOMATO PASTE STORED AT 25C
(a) lactic acid bacteria (top), (4) lactic acid bacteria (bottom), (®) L-lactic acid (top),

(©O) L-lactic acid (bottom), (v) D-lactic acid (top), (V) D-lactic acid (bottom),

(@) diacetyl (top), () diacetyl (bottom}.

samples. At this temperature, as well, the production of acetic acid was greater
In the top area of the drum.

Regarding the diacetyl content, our findings may be summarized as follows:
at storage temperatures of 4C (Fig. 5) and 25C (F1g. 7) there was a higher
production of diacetyl in the top part of the drum, while at 10C (Fig. 6) there
was a greater production of this metabolite in the bottom sampling zone (about
9.5 mg/kg produced after 210 days versus 3.5 mg/kg produced in the top area).
It could be that the high level of acetic acid produced at 10C in anaerobic
conditions (about 3.60 g/kg), which was constderably higher than what vwas
produced at 4C (about 0.77 g/kg, see F1g. 2) and at 25C (about 2.80 g/kg, see
Fig. 4), determines negative feed back on Pyruvic acid -- > - > - Acetate
pathway, forcing D,L-lactic acid and diacetyl production. This may be
confirmed (a) experimentally, by the greater production of D-lactic acid
produced at 10C compared to that at 4C and at 25C, (b) by reports of Kandler
(1983), showing that the diacetyl production is low when hexoses only are
present in the medium but it incréases when pyruvate is produced. At 4C L-
lactic acid content (Fig. 5) is at the same concentration in the top and bottom
areas of the drum (mean value about 0.4g/kg for the first 120 storage days).
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At 10C the L-lactic acid production was decisively greater, going from
about 0.4 g/kg to 18 g/kg (in the top part) and to about 15 g/kg (in the bottom
part) after 120 days. The lowest lactic acid content in the bottom area of the
drum may be correlated with the data in Fig. 6, showing an inhibition time of
lactic acid bacteria activity briefer than in the top part of the drum, thus
conditioning the final L-lactic acid level In addition, at 25C, where the
inhibition of lactic acid bacteria was the same in both sampling areas, the
L-lactic acid production is the same at all storage times. As far as D-Lactic acid
1s concerned, at 4C its levels were found constant during the storage at about
0.3 g/kg (Fig. 5). At 10C, in the top part of the drum, there was a maximum
production at about 90 days (4.5 g/kg) which then declined to 1.5 g/kg at 210
days. Finally, at 25C (Fig.7) a maximum was reached at about 90 days (3.18
g/kg) and then declined to 0.71 g/kg at 210 days. The same behavior is seen in
the bottom area of the drum as reported in Fig. 5-7. These findings appear to
be consistent with the presence of an enzyme able to break down D-lactic acid
alone and seem to be in agreement with the literature (Kandler 1983) regarding
NAD-independent lactate dehydrogenase (LDH) responsible for lactate oxidation.

The overall picture shows, however, that it is the L-lactic acid metabolite
that has the greatest effect on the total lactic acid content, as widely reported in
the literature (Luster 1978; Juven and Weisslowicz 1981; Vicini et al. 1988:
Gherardi et al. 1988).

Metabolites in double tomato concentrate at different storage temperatures
influenced taste and smell: fermented and sour taste was dependent on storage
temperature and on the contamination level as well as on the different conditions
occurring inside the drum. In fact, the sample stored at 4C (top section) had a
sour taste and slight acid aroma after 75 days, while a sample taken from the
bottom of the same drum had the same characteristics after about 120 storage
days.

At 10C a persistent acid and/or fermented taste was found after about 45
days in both the top and bottom sections. Finally, in those samples preserved at
25C, taste and smell was greatly altered (high acidity) already after 15 days of

Analytical-Compositional Aspects During Storage

The influence of storage témperature on analytical parameters is shown in
Tables 2, 3 and 4.

Soluble Solids, Total Acidity and pH Evolution. It is Interesting to note
that the soluble solids in the bottom region of the drum remained stable for the
whole storage period at 4C, while in the top section of the drum the soluble
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CHANGES IN ANALYTICAL PARAMETERS OF TOMATO PASTE (= 30° Brix)
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STORED AT 4C
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Time Zone solids soitds pH Acidity ©  Acidity d ratio sum®  Sugar!  Quotient®
(Bay) R g% g% g% 2% %
—H-—-——H—_
0 30.5 31.8 436 0013 217 1.08 1544 167 18.6
15 30.4 31.8 437 0017 216 1.08 1533  16.7 48.3
30 30.1 31.8 +39 0019 2.8 LO9 1504 166 47.3
43 T 30.1 31.8 433 0.022 223 LIl 1489 166 46.7
560 O 30.1 34 431 0024 222 116 1501 166 47.9
75 pa 30.0 31.4 430  0.025 227 Li4 1439 157 46.3
0 ] 299 31.3 429 0031 231 LIS 1386 145 +4.3
105 292 3087 43 0.031 227 118 TI3.15 143 42.7
120 28.9 30.3 432 0031 224 1.2 1290 141 42.6
180 27.1 28.5 433 0052 2.1} 129 1269  13.1 H.6
Mgy €= 210 | 250 263 434 0075 210 120 1166 119 444
< i,
0 30.5 31.8 437 0015  2.17 1.08 548 166 18.7
15 30.5 316 437 0018 219 113 15.03 16.6 47.5
30 B 30.2 31.5 438  0.024  2.21 L1000 1454 165 46.1
45 O 30.1 31.5 429  0.024 225 LI0 1449 165 46.1
60 l T 300 319 430 0023 223 L1000 M4 164 43.3
75 . T 30.0 31.8 430 0.023 226 .14 1438 163 45.8
90 ! 297 318 430 0026 229 L1 1449 16.1 43.5
105 M 304 31.8 429 0025  2.10 118 1407 159 43.9
120 30.5 32.1 430  0.024 210 1.29 1394 159 43.4
180 30.4 31.8 434 0024 210 L1l 1443 158 45.4
210 29.8 30.9 434 0.024 210 1.08 1407 153 45.5
| M————-——
| 2 The sample was taken at 10 ¢m from the drum top. P The sample was taken at 15 cm from the drum bottom.

© Volatile acidity expressed as acetic  acid . d Total acidity (pH 8.1) expressed as citric acid monohydrate.
“Sum of fructose and glucose by HPLC . ! Total sugars determined by Fehling method. 2 Sugar quotient
= ((Fru+Glu)/total solids) x 100. |

solids remained stable only for the first 90 days and then declined until 25° Brix
at the end of storage. At 10C the same thing occurred (Table 3). The soluble
solids stayed stable in the bottom of the drum for about 60 days while in the top
area for 30 days.

Finally, at 25C the soluble solids in both areas of the drum stayed the same
for only 15 days, to confirm that at this temperature the compositional changes.
are very fast. This is even more apparent given the data in Tables 2, 3 and 4
regarding the total acidity trends at the different storage times. In ﬁfﬁgct, at 4C for
both region samples, the total acidity remained substantially the same while at
10C 1t increased from 2.17 to 3.85 (top sample) and from 2.17 to 3.51 g%
(bottom sample) at the end of the storage. This effect was even greater at 25C
where after only 15 days a mean total acidity exceeding 3.0 g% was reached.
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Storage Sampling Soluble

Total | Volatile  Total Fr/Glu - Fru+Glu  Total | Sugar
Time Zone solids solids pH Acidity ¢ Acidity 4 ratio sum®  Sugar!  Quotient®
(Day) 7% 2 % g% g% 3% %
S ———e

0 30.3 32.6 $36 0.013  2.17 1.08 1566  16.6 48.0
15 30.3 32.2 439 0015 217 .09 1528  16.6 47.4
30 30.2 32.1 445 0016  2.17 1.5 1502 163 16.9
43 T 26.5 28.8 432 0062 2.5 0.99  11.31 12.0 39.3
60 O 24.8 260 403 0.180  3.04 1.16 5.99 7.0 23.1
75 pa 225 238 300 0213 3.12 .28 5.06 5.8 21.3
90 20.] 21.4 390 0270 333 1.34 5.62 5.7 26.2
103 20.3 21.8 3.96 0321 343 1.25 3.00 3.4 13.8
120 20.5 21.3 396 0340 367 124 3.02 3.0 14.2
180 19.8 21.1 399 029  3.85 1.07 2.20 2.7 10.5
210 ¢ 197 20.7 399 0.257  3.85 1.04 1.92 1.8 9.3
o 30.5 32.6 433 0015  2.17 1.08 1531 16.9 48.3
15 30.1 31.8 4.34 0.021 2.29 [.11 14.90 16.7 16.8
30 B 30.0 31.8 438 0027 229 112 1440 166 45.2
43 0 29.3 31.1 423 0039 229 L1l 138 152 1.3
60 T 28.9 30.5 411 0062 234 1.16  13.10 14.5 43.0
73 T 27.1 28.1 408  0.079 253 1.23 1149 12.1 10.9
90 0 26.3 27.7 4.07  0.091 273 1.27  10.25 10.7 37.1
103 MDb 25.9 271 404 0115 3.03 .26 857 8.4 31.6
120 25.8 27.8 4.0} 0.122 3.1l 1.27 840 8.6 30.2
180 25.6 27.6 402 0235 332 (.19 8.28 8.5 30.0
210 [} 253 27.5 $.01 0.241  3.51 1.12 8.01 8.4 291

G. VILLARI ET AL.

TABLE 3.

- CHANGES IN ANALYTICAL PARAMETERS OF TOMATO PASTE
(= 30° Brix) STORED AT 10C

&
4 The sample was taken at 10 cm from the drum top. ® The sampie was taken at 15 cm from the drum bottom.

“ Volatile acidity expressed as acetic acid. 9 Total acidity (pH 8.1) expressed as citric acid monohvdrate.

“*Sum of fructose and glucose by HPLC . { Total sugars determined by Fehling method. & Sugar quotient
= ({(Fru+Glu)/total solids) x 100,

Finally, as shown in Tables (2-4), pH decreased notably at 25C and 10C while

It remained stable in the product stored at 4C.,

Sugars and Organic Acids Evolution. The finding about sugar and organic
acid use by the microbial flora may be summarized as follows. The FRU/GLU
ratio increases considerably with the storage time of 25C both in top and bottom
" areas of the drum. Instead, this behavior is less evident in the storage samples
at 4 and 10C. It is Interesting to note that the FRU/GLU ratio at the higher
Storage temperatures increased during the first phase and thereafter decreased.
These findings therefore show a differentiated use of fructose and glucose during
the storage period, characterizing a preferred glucose use in the early storage
period (increased FRU/GLU rat10) followed by a greater fructose use, compared
to glucose in the late storage period (decrease in the FRU/GLU ratio).




TABLE 4.
CHANGES IN ANALYTICAL PARAMETERS OF TOMATO PASTE
(= 30° Brix) STORED AT 25C

B — - Wm ™

Storage Sampling Soluble Total Volatile  Total FrwGlu Fru+Glu  Total Sugar
Time Zone solids soiids pH Acidity ~ Aciduy d ratio sum®  Sugar! Quotient®
(Day) Y g% g% g% 9% %
0 30.5 31.5 138 0018 . 2.17 1.05  13.21 15.4 18.6
15 - 293 - 31.1 412 0093 302 .16 1137 140 36.6
30 23.3 26.4 302 0141 367 1.27 7.94 3.7 30.1
15 T 25.3 26.1 402 0227 371 1.49 5.59 6.7 21.3
60 0 24.0 25.6 102 0301  4.02 1.57 411 4.9 16.1
75 pd 22.9 24.1 400 0343 412 1.47 3.71 3.1 15.4
90. 22.2 23.7 396 0379 421 1.37 3.49 3.4 14.8
105 22.4 23.5 394 0378 4.21 1.30 3.46 4.3 14.7
120 22.0 23.2 395 0375 416 1.23 3.08 41 13.3
180 21.1 22.3 396 0280 402 0.72 1.95 2.8 8.8
210 21.0 22.2 397 0.199 101 0.70 1.91 2.7 8.6
0 304 315 138 0018 217 103 1549 161 18.5
15 29.0 30.2 122 0049 267 1,05 13.63 15.2 15.2
30 B 273 29.2 112 0078 2.8 1.13 11.43 11.7 39.3
15 0 258 27.2 311 0176 337 1.29 7.34 7.8 27.0
60 T 24.0 24.8 409 0270 4.11 1.98 $.09 5.8 16.5
75 T 23.1 24.7 397 0273 411 1.82 3.79 19 15.4
90 0 23.5 24.6 396 0290 113 1.57 3.63 4.4 14.8
105 MD 23.2 2435 397 . 0288 413 1.55 3.67 4.4 15.0
120 23.3 24.8 399  0.294 409 1.56 3.93 4.7 15.9
180 24.0 24.4 399 0191 406 1.45 4.09 4.4 16.7
210 23.0 24.1 399 0182 02 141 3.44 3.7 14.3

2 The sample was taken at 10 ¢cm from the drum top. b The sample was taken at 15 ¢cm from the drum bottom.

¢ Volatile acidity expressed as acetic acid d Total acidity (pH 8.1) expressed as citric acid monohydrate.
¢ Sum of fructose and glucose by HPLC. UTotal sugars determined by Fehling meéthod. & Sugar quotient
= ((Fru+Glu)/total solids) x 100.

Citric acid showed an increased percentage breakdown with storage
temperature. Its concentration was 19.1 g/kg at beginning of the storage but
after 210 days it became 10% lower at 4C, 28% lower at 10C and 37% lower
at 25C. |

Malic acid behaved like citric acid, from a starting concentration of 1.95
g/kg, a percentage drop of about 14% at 4C and about 52% at 10C and about
60% at 25C was observed after 210 days of storage.

D-isocitric acid did not seem to be very much degraded at 4C, but at 10C
and at 25C, after 210 storage days, the breakdown was about 26% and 28%,
respectively, from a starting concentration of 0.45 g/kg.

Finally, for succinic acid, we found substantial unexplainable stability at

25C, against a degradation of about 25% both at 4C and at 10C after 210
storage days. \
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Color and HMF Evolution. The last aspect of this study regards the
influence of storage temperature on product color (unreported data) and op the
evolution of hydroxymethylfufurol (HMF) content. The findings show a
substantial color stability (the a/b ratio ranged from 2.32-2.15 while the L

parameter ranged from 24.2-25.0). The HMF content was almost constant at
about 5 mg/kg at all lemperatures.

CONCLUSION

The analytical Compositional variance of double tomato concentrate stored
In nonsterile drums wag determined. Our findings show that a practical
fecommendation would be to store the product at temperatures below or equal
to 4C. At that temperature the product remained relatively stable from an
organoleptic and compositiona] Standpoint for at least three months. The
analytical data have in fact confirmed at this temperature a substantial

1 g/kg of product in the first days of storage. These values are decisively high
compared to the generally accepted quality standard (D,L-lactic acid < 0.5
g/kg) for a good quality product.
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