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“The presentation aimed to compare the lycopene content, volatile or-

ganic compounds (VOCs) profile, and prebiotic activity of tomato paste 

from Algeria with benchmark products from Italy and Greece. While 

the Algerian tomato paste demonstrated higher lycopene content and 

a richer VOC profile, it lacked prebiotic activity due to the increased 

growth of E. coli. Despite this, its chemical properties indicate poten-

tial competitiveness in the European market” 

 

Introduction 

Tomato is one of the main components of the Mediter-

ranean diet, being the average tomato consumption per 

capita about 2.5 times the average world consumption 

(STATISTA, 2024). In particular, Italy, Spain and Greece 

are among the top 10 countries in terms of tomato con-

sumption per capita (STATISTA, 2024). Tomato is also 

largely produced and consumed in African countries, 

with Egypt being the leading producer and consumer, 

followed by Nigeria (Dube et al., 2020).  

Tomatoes are a staple ingredient in Mediterranean 

dishes, used both raw and cooked. They are rich in nu-

trients such as vitamins A and C, folate, potassium, ca-

rotenoids, and polyphenols, which provide various 

health benefits including antioxidant, anti-inflamma-

tory, and anti-genotoxic effects (Naureen et al., 2022). 

Lycopene, the primary carotenoid responsible for the 

distinctive deep-red color of ripe tomato fruits and their 

derivatives, has garnered significant attention in recent 

years due to its therapeutic potential in disease man-

agement (Naureen et al., 2022).  
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The concentration of lycopene in fresh tomato fruits is 

influenced by several factors, such as variety, ripening 

degree, and pedo-climatic conditions. Tomato can also 

be processed into various industrial products, like juice, 

paste, purée, ketchup, and sauce (Jeong et al., 2023). 

Furthermore, each product category exhibits distinct 

organoleptic characteristics influenced by processing 

treatments (such as cooking) to which tomatoes are 

subjected. Hence, the profiling of the volatile organic 

compounds (VOCs) and the quantification of lycopene 

content of tomato paste could provide relevant infor-

mation about their aroma/flavor compounds and their 

bioactivity potential.  

Tomato paste, due to the approx. 4% content in dietary 

fiber, could also possess prebiotic activity versus the 

good microbes of the human intestine. Prebiotics are in 

fact fibers and oligosaccharides, and by definition, “a 

prebiotic is a substrate that is selectively utilized by mi-

croorganisms to confer health benefits to the host” (Gib-

son et al., 2017). However, in literature there are just a 

couple of works remarking the prebiotic potential of to-

mato products, but not tomato paste. A first study 

(Alonso-Garcia et al., 2017) investigated the prebiotic-

like effect of tomato juice on rats induced with NAFLD 

(non-alcoholic fatty liver disease) and found that to-

mato juice has the potential to positively modulate the 

beneficial microbial species, as for the prebiotic con-

cept. Coelho et al. (2023) have investigated the effect of 

tomato flour on gut microbiota with fecal fermentation 

approaches, and have highlighted its ability as a prebi-

otic, positively modulating in vitro the gut microbiota of 

human and producing short chain fatty acids. Based on 

such indications, it is of high interest to investigate the 

prebiotic activity of industrially transformed tomatoes 

as paste.  

Materials & Methods 

Samples. The tomato paste samples were double tomato 

pastes and were purchased in the supermarket from 3 

different GourMed partners (Greece, Algeria and Italy). 

Algerian tomato paste represents the pilot product, 

while the Greek and the Italian ones were the bench-

marks.  

Lycopene content. The determination of the lycopene 

content was carried out according to Rubio-Diaz et al. 

(2011). Briefly, two g of tomato paste were weighed, 

added with n-hexane:acetone solution (1:1, v/v) and 

shaked. The supernatant was recovered and washed 

with a saturated sodium chloride solution and 1 M so-

dium carbonate solution. The remaining organic phase 

was then filtered, dried and dissolved with dichloro-

methane. An aliquot of this solution was transferred to 

a quartz cuvette and the absorbance was read with a 

spectrophotometer at a wavelength of 470 nm. Lyco-

pene was quantified using calibration curves con-

structed with standard solutions (10-100 mg/mL). The 

results were expressed as mg/kg of tomato paste. Three 

independent replicates were analyzed for each sample. 

Volatile organic compounds (VOCs) profile. VOCs were 

determined in tomato paste samples, by using solid-

phase microextraction-gas chromatography-mass spec-

trometry (SPME-GC-MS), according to Tura et al. 

(2022). Approximately 2.0 g of samples were weighed 

into a 20-mL SPME crimp neck vial. The sample was 

first equilibrated in the autosampler thermostat; the tri-

phasic SPME fiber was then exposed to the headspace 

of the sample and, finally, desorbed in the injection port 

of the GC-MS. Mass spectra were acquired in full scan 

mode (total ion current); VOCs were identified by com-

paring their retention times and their mass spectra with 

those found in our library and NIST147 library. Results 

were expressed in area counts, as area/sample weight 

(g) × 103. Three independent replicates were analyzed 

for each sample. 

Prebiotic activity. Prebiotic evaluation was composed 

by two different protocols, eventually adapted to the 

different food matrix of pilot products. The first proto-

col was the quantitative prebiotic index towards lacto-

bacilli (Fissore et al., 2015; Nissen et al., 2020), while 

the second was the quantitative bifidogenic activity 

(Candela et al., 2015). Both protocols were composed of 

different steps, namely: i) selective growth of target 

bacteria on selective media; ii) growth evaluation by 

enumeration of microbial cells with quantitative PCR; 

iii) application of the prebiotic index equation; iv) sta-

tistical analysis. All microbial strains tested were com-

mercial ones or property of the microbial collection of 

Dept. of Agricultural and Food Sciences, University of 

Bologna (Bologna, Italy) and had been previously iso-

lated from plant-based products and extensively stud-

ied or from commercial probiotic formula. Lactiplanti-

bacillus plantarum subsp. plantarum 98 b, Limosilacto-

bacillus fermentum MR13, Lacticaseibacillus rhamnosus 

C1112, Bifidobacterium bifidum NCIMB 700795, 

Bifidobacterium Lactis BL-04, Bifidobacterium Bifidum 

BB-06, Bifidobacterium Breve BB-03, Bifidobacterium 

Longum BL-05 and Escherichia coli ATCC 25922 and E. 

coli 555 were cultured from glycerol stocks stored at 



−80 °C and were propagated in selective media (Oxoid, 

Thermo Fisher Scientific, Waltham, MA, USA) at specific 

conditions (Nissen et al., 2020). Three bacterial mixes 

were then cultivated as a pool of species, namely: i) lac-

tobacilli mix; ii) bifidobacteria mix; iii) E. coli mix. 

The prebiotic index. This index was calculated with the 

related formula from two independent experiments and 

triplicates as previously described (Fissore et al., 2015), 

including qPCR quantifications (Nissen et al., 2020). 

Food samples were homogenized in 1:1 vol of distilled 

sterile water, in order to add a 1 mL of product to 9 mL 

of culture media. FOS from chicory (Sigma, USA) was 

used as prebiotic positive control. The media employed 

as control to calculate the prebiotic scores were instead 

added with 1 g/dL of glucose. The bacterial type strains 

were all used at final concentration of 6 Log10 CFU/mL 

(Fissore et al., 2015; Nissen et al., 2020).   

Bacterial culture-dependent counting. For all bacteria, 1 

mL of each sample was aseptically transferred into a 

sterile tube with 9 mL of physiological solution (0.9 

g/dL NaCl) to be serially diluted (1/10) and plated in 

duplicates. Lactobacilli mix was propagated and 

counted on MRS agar (Oxoid, Thermo Fisher Scientific, 

USA) after incubation for at least 24 h at 37 °C in jars 

with anaerobiosis catalyst (Oxoid, Thermo Fischer Sci-

entific, USA). Bifidobacteria mix was propagated and 

counted on MRS agar supplemented with 0.005 g/dL l-

cysteine (Sigma, USA) after incubation in the same con-

ditions of lactobacilli. E. coli mix was propagated and 

counted on BHI agar (Oxoid, Thermo Fisher Scientific, 

USA) at 37 °C for 24 h. 

Quantification by real time PCR. Bacterial DNA from fer-

mented hemp bran and from broths for prebiotic activ-

ity assay was extracted with the Nucleo Spin Food DNA 

extraction kit (Macherey-Nagel, Germany). Genetic 

standards for qPCR were prepared from serially diluted 

PCR products (1/10) obtained amplifying gene targets 

with specific primers with ProFlex PCR System 

(Thermo Fisher Scientific, USA) and SuperFi Platinum 

Taq (Thermo Fisher Scientific, USA), and purified with 

GeneJet PCR purification kit (Thermo Fisher Scientific, 

USA). qPCR was performed with a QuantStudio 5 (Ap-

plied Biosystem, USA), the QuantStudio Design and An-

alyse Software 2.1 (Applied Biosystem, USA). Primers 

pairs, PCR and qPCR reactions were used according to 

previously published protocols (Candela et al., 2015; 

Nissen et al., 2020; Nissen et al., 2020). 

Statistical analysis. Differences among samples were 

evaluated with Analysis of Variance (ANOVA). For post-

hoc test a Tukey’s HSD was employed. The dataset was 

normalized using the mean centering method. All re-

sults are expressed as mean values obtained at least 

from duplicates batches in two independent experi-

ments. qPCR results are expressed as the mean values 

of three replicates from two independent experiments. 

Results and discussion 

Lycopene content. Similar lycopene content was 

found for all samples ( 25 mg/kg of tomato paste). 

However, if the lycopene content is expressed in dry 

basis, the Algerian product (pilot) has about 12% 

more lycopene than the Greek and Italian ones 

(benchmarks). These results agree with those re-

ported by Górecka et al. (2020). 

Volatile organic compounds (VOCs) profile.  The SPME-

GC-MS analysis enabled the identification of a com-

plex mixture of VOCs (n<135) belonging to diverse 

classes of compounds, whose profile and concentra-

tions varied depending on the type of double tomato 

paste. In fact, as evidenced by the heat map (Figure 

1), the pilot product contained a wider variety of 

VOCS (n=92), followed by the Italian (n=84) and the 

Greek benchmark products (n=77). The aldehyde 

class was the most abundant in the Italian and Alge-

rian tomato paste samples ( 40% of the total VOCs), 

which was mainly correlated to the presence of fur-

fural, associated to a flavor of sweet and caramel 

(Koltun et al., 2021). Furfural is formed during paste 

production, due to hydrolysis of hexose and pentose or 

dehydration of sugars in the final stages of the Maillard 

reaction (Kelebek et al., 2018). On the other hand, the 

ketone class was the most relevant in the Greek 

benchmark product ( 42% of the total VOCs), with 

6-methyl-5-hepten-2-one being the most abundant; a 

flavor of green/leafy, typical of tomato paste, is at-

tributed to this ketone (Kelebek et al., 2018). This 

compound is formed during tomato processing and 

storage, by heat-induced degradation of lycopene or it 

can be released from glycosidically bound precursors 

through enzymatic hydrolysis during tomato pro-

cessing (Kelebek et al., 2018). The other VOCs classes 

(acids, terpenes, alcohols, hydrocarbons, phenols and 

acids) were present at lower (< 20%) and diverse 

concentrations depending on the sample. These dif-

ferences could be due to the different origin and rip-

ening stage of the raw tomatoes used for their pro-

duction, and/or processing conditions (evaporation 

and concentration) used by manufacturers.  The VOCs 



results agree with data published by Kelebek et al. 

(2018). 

 

Figure 1. Heat map of the VOCs detected in tomato paste pilot 

product and benchmarks. 

Selective bacterial growth on pilot products: Microbial 

selective growth in presence of homogenized tomato 

paste samples was independently tested against three 

different mixes of bacteria, i.e. the mix of lactobacilli, the 

mix of bifidobacteria and the mix of Escherichia coli. 

Specific bacterial growth was performed and compared 

onto specific culture media with the addition of 10% 

(w/v) of product sample from the Algerian pilot (TOM 

DZ) and with the addition of 10% (w/v) of two similar 

benchmark products, one from the Italian large distri-

bution (TOM IT) and one from the Greek large distribu-

tion (TOM GR). Considering the growth of lactobacilli 

mix, the addition of the pilot Algerian tomato paste fos-

tered the growth of lactobacilli mix up to 9.05 Log10 

cells/mL to a superior extent in comparison to the 

benchmark products (8.17 and 8.35 Log10 cells/mL for 

TOM GR and TOM IT, respectively), with significant dif-

ferences. However, TOM DZ fostered lactobacilli signif-

icantly less in comparison to the positive control FOS 

(Figure 2A). Considering the growth of bifidobacteria 

mix on the tomato samples, the maximum growth was 

recorded on the benchmark products, chiefly TOM GR 

(9.22 Log10 cells/mL) than TOM IT (8.92 Log10 

cells/mL), followed by the Algerian product TOM DZ 

(8.76 Log10 cells/mL). No significant differences were 

recorded amongst the samples (Figure 2B). 

 

 

Figure 2. Selective bacterial growth on tomato pilot product 

and tomato benchmarks. TOM DZ = Tomato paste from Alge-

rian pilot; TOM IT = Tomato paste benchmark from Italian 

large distribution; TOM GR = Tomato paste benchmark from 

Greek large distribution. Glucose = negative control; FOS 

(Fructooligosaccharides) = positive control. A) Aerobic 

growth on MRS agar of lactobacilli mix; B) Anaerobic growth 

on MRS cysteine agar of bifidobacteria mix; C) Aerobic growth 

on BHI agar of Escherichia coli mix. 

Lastly, the addition of 10% (w/v) of TOM DZ in compar-

ison to the additions of the benchmark products 

showed significant differences for the growth of E. coli 

mix. The Algerian product made E. coli grow up to 10.29 

Log10 cells/mL, while the benchmark products made E. 

coli grow up to 9.18 and 9.32 Log10 cells/mL for TOM 

IT and TOM GR, respectively. The Algerian tomato paste 
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made E. coli grow significantly more than the positive 

and the negative controls (Figure 2C). 

Prebiotic activity: Prebiotic score of FOS towards lac-

tobacilli mix was 0.36 ± 0.11, being similar to values re-

ported in literature (Figure 3A). Tomato paste from the 

Algerian pilot showed to have no prebiotic score to-

wards lactobacilli mix, but had little differences with re-

spect to both tomato Italian and Greek benchmarks; in 

fact, it was significant just with respect to the latter (p = 

0.04). Prebiotic score of FOS towards bifidobacteria mix 

was 0.33 ± 0.04, which is similar to data reported in lit-

erature (Figure 3B). Tomato paste from the Algerian pi-

lot did not have prebiotic score towards bifidobacteria 

mix, so it resulted significantly different with respect to 

both benchmarks (p < 0.05). The latter, in contrast, dis-

played a marked prebiotic activity towards bifidobacte-

ria mix, being similar to that of the positive control FOS 

(mean p = 0.14).  From the analyses conducted, it is 

evident that no prebiotic activity was due to the ad-

dition of 10% (w/v) of Algerian tomato paste to the 

culture media. This feature was clear for both the 

probiotic mixes, lactobacilli and the bifidobacteria.  

 

Figure 3. Prebiotic scores towards probiotic strains of lacto-

bacilli and bifidobacteria. TOM DZ = Tomato paste from Alge-

rian pilot; TOM IT = Tomato paste benchmark from Italian 

large distribution; TOM GR = Tomato paste benchmark from 

Greek large distribution. Glucose = negative control; FOS 

(Fructooligosaccharides) = positive control. A) Lactobacilli 

prebiotic score; B) Bifidobacteria prebiotic score. 

This evidence was mediated by the high growth of E. 

coli that was quantified after propagation on culture 

medium. Such growth was significantly higher of al-

most 1 Log unit of cells/mL than those reported for 

the addition of 10% (w/v) of both benchmarks or the 

control (Figure 2). The prebiotic activity that is here 

reported relies on an equation that considers the 

growth of three different bacterial groups, namely 

lactobacilli, bifidobacteria and E. coli. The prebiotic 

activity of a substrate is due to the ability to foster 

the beneficial bacteria and counteract that of E. coli. 

Tomato paste from Algerian pilot showed to foster 

lactobacilli and bifidobacteria a little bit more than 

the negative control, but not significantly (Figure 2). 

Moreover, the pilot product did not have the possibil-

ity to counteract the growth of E. coli, as it grew sig-

nificantly more than the negative control (Figure 2). 

These are the reasons for the negative prebiotic 

scores recorded for the pilot product towards lacto-

bacilli and bifidobacteria.  

Conclusions 

Among the studied tomato paste samples, the bench-

mark products had some prebiotic activity, while the 

pilot product did not. Notwithstanding, benchmark 

tomato and pilot tomato pastes were similarly able to 

foster beneficial microbes, and this is a competitive 

advantage, but the pilot product was not able to coun-

teract E. coli. Regarding the chemical characterization, 

the pilot product had a richer volatiloma than bench-

marks, which may result in a diverse aromatic profile 

due to the quali-quantitative VOCs differences. Anyway, 

the pilot Algerian product turned out to be more similar 

to the Italian benchmark product than to the Greek one. 

In the case of lycopene, the pilot product had a similar 

content with respect to those of benchmarks, which 

would represent a marketing advantage for its distri-

bution in Europe. Considering these promising re-

sults, it would be advisable to further explore these 

aspects related to the bioactivity potential of Medi-

terranean tomato paste, in order to further valorized 

it with a fair pricing perspective. 

References  

Candela, M., Seibold, G., Vitali, B., Lachenmaier, S., Eik-

manns, B. J., Brigidi, P. (2005). Real-time PCR quantifi-

cation of bacterial adhesion to Caco-2 cells: competition 



between bifidobacteria and enteropathogens. Research 

in Microbiology, 156(8), 887-895. 

Casciano, F., Nissen, L., Gianotti, A. (2021). Effect of for-

mulations and fermentation processes on volatile or-

ganic compounds and prebiotic potential of gluten-free 

bread fortified by spirulina (Arthrospira platensis). 

Food & Function, 12(20), 10226-10238. 

Coelho, M. C., Costa, C., Roupar, D., Silva, S., Rodrigues, A. 

S., Teixeira, J. A., Pintado, M. E. (2023). Modulation of the 

gut microbiota by tomato flours obtained after conven-

tional and ohmic heating extraction and its prebiotic 

properties. Foods, 12(9), 1920. 

Dube, J., Ddamulira, G., Maphosa, M. (2020). Tomato 

breeding in sub-Saharan Africa-Challenges and oppor-

tunities: A review. African Crop Science Journal, 28(1), 

131-140. 

Fissore, E. N., Santo Domingo, C., Gerschenson, L. N., Gi-

annuzzi, L. (2015). A study of the effect of dietary fiber 

fractions obtained from artichoke (Cynara cardunculus 

L. var. scolymus) on the growth of intestinal bacteria as-

sociated with health. Food & Function, 6(5), 1667-1674. 

García-Alonso, F. J., González-Barrio, R., Martín-Pozuelo, 

G., Hidalgo, N., Navarro-González, I., Masuero, D., ... Per-

iago, M. J. (2017). A study of the prebiotic-like effects of 

tomato juice consumption in rats with diet-induced 

non-alcoholic fatty liver disease (NAFLD). Food & Func-

tion, 8(10), 3542-3552. 

Gibson, G. R., Hutkins, R., Sanders, M. E., Prescott, S. L., 

Reimer, R. A., Salminen, S. J., ...Reid, G. (2017). Expert 

consensus document: The International Scientific Asso-

ciation for Probiotics and Prebiotics (ISAPP) consensus 

statement on the definition and scope of prebiotics. Na-

ture reviews Gastroenterology & Hepatology, 14(8), 

491-502. 

Górecka, D., Wawrzyniak, A., Jędrusek-Golińska, A., 

Dziedzic, K., Hamułka, J., Kowalczewski, P.Ł., Walk-

owiak, J. (2020). Lycopene in tomatoes and tomato 

products. Open Chemistry, 18(1), 752-756. 

Jeong, J.H., Lee, H.L., Park, H.J., Yoon, Y.E., Shin, J., Jeong, 

M.Y., Park, S.H., Kim, D., Han, S., Kang, C.G., Hong, K.J., 

Lee, S.J. (2023). Effects of tomato ketchup and tomato 

paste extract on hepatic lipid accumulation and adipo-

genesis. Food Science and Biotechnology, 32(8), 1111-

1122. 

Kelebek, H., Kesen, S., Sonmezdag, A.S., Cetiner, B., Kola, 

O., Selli, S. (2018). Characterization of the key aroma 

compounds in tomato pastes as affected by hot and cold 

break process. Journal of Food Measurement and Char-

acterization, 12, 2461-2474. 

Koltun, S.J., MacIntosh, A.J., Goodrich-Schneider, R.M., 

Klee, H.J., Hutton, S.F., Sarnoski, P.J. (2021). Sensory and 

chemical characteristics of tomato juice from fresh mar-

ket cultivars with comparison to commercial tomato 

juice. Flavour and Fragrance Journal, 36(1), 121-136. 

Marotti, I., Bregola, V., Aloisio, I., Di Gioia, D., Bosi, S., Di 

Silvestro, R., ... Dinelli, G. (2012). Prebiotic effect of sol-

uble fibres from modern and old durum-type wheat va-

rieties on Lactobacillus and Bifidobacterium strains. 

Journal of the Science of Food and Agriculture, 92(10), 

2133-2140. 

Naureen, Z., Dhuli, K., Donato, K., Aquilanti, B., Velluti, V., 

Matera, G., Iaconelli, A., Bertelli, M. (2022). Foods of the 

Mediterranean diet: Tomato, olives, chili pepper, wheat 

flour and wheat germ. Journal of Preventive Medicine 

and Hygiene, 63(2 Suppl 3), E4. 

Nissen, L., Casciano, F., Babini, E., Gianotti, A. (2021). 

Prebiotic potential and bioactive volatiles of hemp by-

product fermented by lactobacilli. LWT, 151, 112201. 

Nissen, L., di Carlo, E., Gianotti, A. (2020). Prebiotic po-

tential of hemp blended drinks fermented by probiotics. 

Food Research International, 131, 109029. 

Rubio-Diaz, D.E., Francis, D.M., Rodriguez-Saona, L.E. 

(2011). External calibration models for the measure-

ment of tomato carotenoids by infrared spectroscopy. 

Journal of Food Composition and Analysis, 24(1), 121-

126. 

Tura, M., Ansorena, D., Astiasarán, I., Mandrioli, M., 

Toschi, T.G. (2022). Evaluation of hemp seed oils stabil-

ity under accelerated storage test. Antioxidants, 11(3), 

490. 

 

 

 


