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Food adulteration has emerged as a significant global issue, impacting consumer 
health and fair-trade practices. This study aimed to evaluate the quality and potential 
adulteration with starch in tomato paste products available in the Lebanese market. 
A total of 41 local and imported tomato paste samples, without starch declarations, 
were collected from the Lebanese market and analyzed for starch usage and 
various quality parameters (total soluble solids, Bostwick consistency, viscosity, 
titratable acidity, color, and dry matter content), as well as compliance with Libnor 
and Codex Alimentarius standards. Results revealed that 37% of samples failed 
to meet starch usage standards, and 27% did not comply with the required total 
soluble solids (>24%), while all samples complied with acidity standards (<7%). 
Compliant samples had significantly higher values for total soluble solids, acidity, 
dry matter, and color compared to non-compliant ones (p < 0.01). A comparison 
of local and imported tomato paste products showed no significant differences 
in physicochemical properties, color, shelf life, or price, with parameters being 
similar across samples. Among local samples, 48% did not comply with the starch 
usage standard, and 26% failed to meet the required total soluble solids level. In 
contrast, imported samples adhered to starch usage standards, although 30% did 
not comply with TSS levels. This study highlights the prevalence of adulteration 
in  local and imported tomato paste products in Lebanon and calls for further 
enforcement measures to ensure consumer protection and fair trade.
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1 Introduction

Tomatoes are one of the most widely grown and significant crops in the world (1). In 2022, 
they emerged as the most-produced vegetable, with a total production of 186 million tons (2). 
Tomato-based products like juice, sauces, and ketchup are in high demand worldwide (3), with 
approximately 75% of them being concentrated into a paste (4, 5). This concentrated paste is 
typically stored for up to 2 years and either sold in its concentrated form or further diluted to 
create value-added products like sauces, salsas, and ketchup (5–7). Tomato paste is a primary 
component of tomato products, making it crucial to monitor and preserve its quality 
throughout the production process (7).
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Local and international regulations establish the minimum 
quality standards and allowable ingredients for tomato processing, 
aiming to protect consumer health and promote fair practices in 
the food trade (8). The Codex Alimentarius defines “processed 
tomato concentrate” as a product that concentrates the juice or 
pulp of ripe, healthy red tomatoes (Lycopersicon/Lycopersicum 
esculentum). This concentrate undergoes straining or similar 
processes to eliminate most skins, seeds, and other coarse 
materials, resulting in a smooth final product preserved using 
physical methods. Besides tomato fruit, the ingredients allowed 
during processing include salt, spices, aromatic herbs, their 
natural extracts, lemon juice, and water (9).

Food adulteration refers to the practice of compromising food 
quality by incorporating foreign substances or removing essential 
components to increase profit margins (10, 11). This can occur in 
two forms: intentional adulteration, which involves deliberate 
actions by producers, and accidental adulteration, resulting from 
non-compliance with proper production practices (10). The 
intentional addition of foreign materials or ingredients is the most 
prevalent type of adulteration in processed foods. These practices 
degrade the overall quality of food and, in some cases, can 
pose serious health risks to consumers (12, 13). Additionally, 
certain non-food substances are deliberately introduced 
into food products to enhance their appearance or modify 
their characteristics.

In the European Union, the use of additives in concentrates is 
subject to strict regulations. These regulations specify the allowable 
limits for acidity regulators and salt in the final product. Along with 
the prohibition of colorants (14), it is necessary for all ingredients 
involved in the product’s manufacture to be listed on the packaging 
label (15). Consequently, the use of unauthorized external ingredients 
is considered unethical due to the associated health risks and the 
manipulation of consumers for unfair economic gain (16).

Despite existing regulations, incidents of food fraud are 
increasing, often driven by the desire to cut production costs or 
enhance product appeal for greater profits. Identifying food fraud is 
difficult because it is not easily detectable by consumers, and those 
involved often use sophisticated methods to evade detection (17). 
Besides, the risks associated with economically motivated food 
adulteration (EMA) may be greater than those posed by traditional 
food safety hazards, as the contaminants involved are frequently 
unknown and unconventional (18).

Although globally popular and highly susceptible to adulteration, 
commercial tomato paste has received limited research attention. 
Standard quality control practices for tomato paste production 
include hourly testing of freshly produced samples from each 
production line, evaluating parameters such as soluble solids, 
viscosity, consistency, pH, acidity, and color (7, 19). Its classification 
is primarily based on additive content and total soluble solids (TSS) 
levels (20). According to the Codex Alimentarius (21), tomato paste 
must contain at least 24% TSS and be  free of additives (21). Key 
quality indicators, such as Bostwick consistency and viscosity, are 
critical in determining consumer acceptability and form an integral 
part of the product’s quality grade standards. In addition to their 
importance for the final product’s quality and consumer preference, 
consistency and viscosity also have significant economic implications 
for the tomato industry. Higher consistency and viscosity in 
processed tomatoes help reduce production costs by decreasing the 

amount of raw tomatoes required to achieve a certain product quality 
level (22). Titratable acidity (TA) is another crucial parameter, 
influencing both the safety and flavor of tomato paste. Acidity levels 
are affected by various factors, including the tomato cultivar, ripeness 
at harvest, processing method (hot vs. cold break), growing location, 
and seasonal variations (4, 22, 23). Citric acid, the primary acid in 
tomatoes, is the main contributor to the overall titratable acidity (24). 
As for color, it is a key quality attribute that greatly affects consumer 
acceptance. Several reactions can alter the product’s color during 
thermal processing, with lycopene degradation being one of the most 
prevalent (25, 26).

During the production of tomato juice and puree, manufacturers 
may add excess water or inexpensive fillers such as processing 
by-products and starch. From a nutritional standpoint, starch addition 
dilutes the natural tomato content, reducing the concentration of 
nutrients such as vitamins and phytochemicals. Regarding sensory 
attributes, excessive starch can alter the texture and mouthfeel of 
tomato paste, making it thicker and potentially masking quality 
deficiencies such as low tomato solids. Finally, the presence of 
undeclared starch poses a potential health risk for individuals with 
dietary restrictions, such as those with gluten intolerance, who may 
unknowingly consume a product that is unsuitable for their needs. 
Other potential adulterants can include sugars, acidity regulators, and 
even toxic synthetic dyes (27).

Having said that, the current study aimed to detect the presence 
of starch and assess the quality of tomato paste products in Lebanon, 
focusing on parameters such as total soluble solids, Bostwick 
consistency, viscosity, titratable acidity, color, and dry matter content, 
in accordance with recommended product specifications, while also 
evaluating labeling information.

2 Materials and methods

Figure 1 displays a flowchart summarizing the quality assessment 
of tomato paste samples.

2.1 Raw materials

Tomato paste products from various brands, none of which 
declared starch content, were purchased in the Lebanese market, with 
a total of 41 items collected from different regions, including Beirut, 
Bekaa, and Tripoli. Out of the 41 samples, 31 samples were of Lebanese 
origin, while the remaining 10 were imported from Syria, Iran, Egypt, 
Saudi Arabia (KSA), the United Arab Emirates (UAE), Bulgaria, and 
China. Samples were stored in a cool, dry place, away from light, 
until analysis.

2.2 Iodine test

An iodine test was performed to detect starch in tomato paste 
products. First, an iodine solution consisting of 0.1% iodine 
(Scharlau, Barcelona, Spain) mixed with a 2% potassium iodide 
(Sigma-Aldrich, Steinheim, Germany) solution was prepared. 
Tomato paste samples were prepared by diluting one teaspoon of 
paste in 10 mL of distilled water. A starch-water solution was also 
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created as a control. Next, a few drops of the iodine solution were 
added to each tomato paste sample in duplicate. The presence of 
starch was indicated by the development of a dark blue color, 
confirming its presence (28).

2.3 Total soluble solids

The total soluble solids content (TSS) was measured using a digital 
pocket refractometer (Sinotech, Shanghai, China). Following 
calibration with distilled water, the instrument provided the TSS in 
degrees Brix (°Bx) units, based on the refractive index of the samples. 
TSS reflects the soluble components in the samples, primarily 
indicating the sugar content in fruits and tomato products. In this 
context, TSS and sugar content are often expressed in °Bx, making the 
two terms interchangeable (29).

2.4 Titratable acidity

The titratable acidity (TA) was measured using an acid/base 
titration with 0.1 N sodium hydroxide (NaOH; Loba Chemie, 
Mumbai, India) and phenolphthalein indicator (1% m/v; Merck, 
Darmstadt, Germany) (30). The titration was performed twice, and the 
average value was recorded. Acidity was calculated using the formula:

 
=

 0.007009
%

   
Titer value x

Acidity
Volume of the sample

Where 0.007009 is a factor for citric acid (31).

2.5 Bostwick consistency

Following the analysis of soluble solid content, the tomato paste 
samples were diluted to a concentration of 12% using distilled water 
for consistency testing. Each sample was placed individually into the 
sample chamber of the Bostwick consistometer. Upon releasing the 
gate fitted with a spring on one side of the chamber, the sample flowed 
along the sloped surface due to its weight. The distance traveled by 
each sample was measured after 30 s in centimeters (cm) (32, 33).

2.6 Viscosity

Viscosity at room temperature (25°C) was measured using a 
Brookfield DV-II+ Pro viscometer (Brookfield Engineering 
Laboratories Inc., United  States) equipped with an S64 spindle 
operating at 100 rpm, with results reported in centipoise (cP) (34).

2.7 Color determination

The color of tomato paste products was evaluated using a colorimeter 
(BCM 200, BIOBASE, Shandong, China), configured to operate within 
the CIE system, which stands for the International Commission on 
Illumination. The instrument measured three key parameters: lightness 
(L*), red/green (a*), and yellow/blue (b*) (35). These values were defined 
as follows: L* ranges from 0 (black) to 100 (white), a* represents the 
red-green axis (negative values indicate green and positive values 
indicate red), and b* represents the blue-yellow axis (negative values 
indicate blue and positive values indicate yellow). For the two chromatic 
components (a* and b*), the value of 0 represents a neutral color.

FIGURE 1

Flowchart summarizing the quality assessment of tomato paste samples.
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2.8 Color intensity

Color intensity (CI) was assessed by measuring the absorbance of 
diluted samples (1:100 g/mL) at wavelengths of 420 nm (yellow), 
520 nm (red), and 620 nm (blue). The CI was calculated as the total of 
these three absorbance measurements (36, 37). A UV–VIS 
spectrophotometer (GENESYS 10 UV, Thermo Electron Corporation, 
Waltham, MA, United  States) equipped with 1 cm path length 
rectangular quartz cuvettes was employed for this analysis.

2.9 Dry matter content

The dry matter (DM) content was determined by placing samples 
in a well-ventilated oven at 105°C for 24 h, following the procedure 
described in the literature (38). The sample weights were recorded 
before and after drying, and the average DM content was calculated 
and expressed as a percentage (% w/w).

2.10 Labeling information assessment

Each product’s origin, price, and labeled shelf life were recorded. 
Additionally, a comparison was made between the labeled and tested 
TSS values.

2.11 Statistical analysis

All experiments were repeated three times to ensure the validity 
and reproducibility of the results. Data are expressed as mean values 
± standard deviations (SDs). Statistical significance was assessed using 
IBM-SPSS Statistics for Windows, Version 25.0 (Released 2017, IBM 
Corp., New York, NY, United States). A t-test was applied to assess 
significant differences between means and paired mean differences, 
while the Chi-square (χ2) test was used for qualitative variables. 
p-values less than 0.05 were considered statistically significant, 
indicating a confidence level of over 95%.

3 Results and discussion

3.1 Compliance of tomato paste samples 
with standards

Table 1 presents the compliance of 41 tomato paste samples with 
standards for starch usage, TSS, and acidity, as defined by Libnor NL 

767:2012 and Codex Stan 57–1981. Starch usage is prohibited in 
tomato paste products under these standards, and 37% of the 
samples were not compliant (Table 1). In a study by Boakye et al. 
(39), all tomato paste products tested in the Ghanaian market were 
found to contain starch. The intentional addition of this bulking 
agent highlights the need for stricter regulatory control to ensure 
transparency for consumers.

In classifying tomato concentrates, the TSS is widely 
recognized as a key quality indicator in industrial practices. The 
mean TSS of the tested samples was 24.21 ± 4.55% (Table 1), with 
73% meeting the requirement of at least 24% natural total soluble 
solids, thereby qualifying the product to be  labeled as “tomato 
paste” (9). Regarding the TSS labeling, 59% of the samples 
complied with the labeled TSS, whereas 41% did not (Table 1). In 
comparison to other studies, the total solids in the tomato paste 
samples from the Kano market analyzed by Ndife et al. (31) ranged 
from 8.89 to 12.26%, which fell below the standard and, therefore, 
did not meet compliance requirements. Similarly, Joy reported a 
broader range of TSS values, from 15.15 to 30.99%, which 
included both compliant and non-compliant samples (40). 
Additionally, Aykas et al. (41) focused on the quality assessment 
of tomato paste in California and reported natural tomato soluble 
solids values ranging from 24.1 to 38.1 °Brix (mean: 29.4 ± 3.0 
°Brix). These findings underline the variability in TSS values 
among tomato paste products and highlight the importance of 
adherence to established standards to ensure product quality and 
consistency. While most of the tested samples met the minimum 
TSS requirements, the presence of non-compliant samples 
emphasizes the need for stricter quality control measures in the 
production and labeling of tomato paste.

The TA of the tested samples reflects the concentration of 
organic acids, primarily citric acid, which is naturally abundant in 
tomatoes and plays a crucial role in shaping the characteristic 
taste and odor of tomato pastes while lowering the pH to ensure 
product safety (42). According to standards, the acceptable acidity 
level for tomato paste is less than 7% (9), and the mean acidity 
across the samples was 2.19 ± 0.77% (Table 1), with all samples 
(100%) complying with this requirement. The citric acid content 
in the final product is greatly affected by the maturity of the 
tomatoes, as well as handling and processing conditions, due to its 
susceptibility to degradation. To address this, citric acid is often 
added as an acidity regulator to maintain the desired pH levels, 
which should be  below 4.6 according to Libnor and Codex 
Alimentarius standards. In comparison, the acidity of tomato 
paste samples in a study by Ndife et al. (31) ranged from 0.36 to 
0.49%, remaining well within the maximum limit of 7% 
recommended by the Codex Alimentarius. Similarly, Aykas et al. 

TABLE 1 Compliance of 41 tomato paste samples according to starch, total soluble solids (TSS), and titratable acidity (TA) standards by Libnor and 
Codex.

Parameter

Standards
Mean ±SDa

No. of samples (%)

Libnor NL 
767:2012

Codex Stan 57-
1981 No. compliant No. non-

compliant

Starch Usage Not Allowed - 26 (63%) 15 (37%)

TSS test >24% 24.21 ± 4.55% 30 (73%) 11 (27%)

TSS label Range within 2% (example: 24% to 26%) - 24 (59%) 17 (41%)

TA <7% 2.19 ± 0.77% 41 (100%) 0 (0%)

aMean of 41 samples ± standard deviation (SD).
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(41) reported a TA range of 1.0–2.4% (1.6 ± 0.2) when assessing 
the quality of various tomato paste samples using portable 
mid-infrared spectroscopy. Devseren et al. (43) also documented 
a TA range of 0.727–2.318% in their investigation of tomato pastes 
processed under varying temperatures and processing times. 
These findings align closely with the mean acidity level reported 
in the current study (Table 1).

3.2 Descriptive values of tomato paste 
samples

The descriptive values of 41 tomato paste samples are provided in 
Table 2. The analysis of the samples revealed that the DM ranged from 
12.77 to 29.11%, with a mean value of 22.64 ± 3.94% (Table 2). In 
comparison, Ndife et al. (31) reported moisture content values ranging 
from 89.27 to 91.11%, corresponding to dry matter values of 8.89 to 
10.73%. Similarly, Eke-Ejiofor (40) reported moisture content values 
between 69.00 and 84.85%, which translate to dry matter values 
ranging from 15.15 to 31.00%. Abdullahi et al. (44) reported moisture 
content values of 71.80 to 72.40%, corresponding to dry matter values 
of 27.60 to 28.20%. Additionally, Sobowale found total solids ranging 
from 54.9 to 68.90%, corresponding to dry matter values of 31.10 to 
45.10%. Our study’s broader range of DM values (12.77 to 29.11%) 
suggests a greater variability in solid content, with some samples 
exhibiting relatively lower dry matter than those reported in 
other studies.

One of the commonly employed standard methods by 
industries to evaluate tomato products is the Bostwick 
consistency test (22). This test measures the flow of a specific 
sample volume (45, 46), providing information about the 
product’s consistency and shear-thinning properties (47). In this 
study, Bostwick consistency values ranged from 0.10 to 
5.25 cm/30 s, with a mean value of 1.54 ± 0.96 cm/30 s” (Table 2). 
These values are comparable to those reported by Aykas et al. 
(41), who observed a broader range of 0.8 to 11.9 cm/30 s, with a 
mean of 3.6 ± 1.9  cm/30 s, indicating a higher average 
consistency compared to the samples analyzed in this study. 
Vitalis et  al. (20) reported a Bostwick consistency of 
5.83 ± 0.57 cm/30 s for authentic tomato paste samples, which is 
notably higher than the mean value observed in this study 
(1.54 ± 0.96 cm/30 s). Munhoz and Schmidt (48) investigated the 

impact of temperature and prolonged heating on consistency 
using the Bostwick device. They found no significant differences 
in consistency measurements at 60°C (4.0 ± 0.1 cm/30 s) and 
70°C (4.1 ± 0.1 cm/30 s). However, at 80°C, consistency 
degradation became apparent only after 6 h of heating, with 
values stabilizing between 4.3 and 4.5 cm/30 s after extended 
heating for up to 48 h (48). The variations in Bostwick consistency 
values reported across different studies emphasize the influence 
of factors such as processing conditions, raw material 
characteristics, and product formulation on the rheological 
properties of tomato products.

Viscosity is a crucial technological parameter affected by the 
levels of proteins, pectins, polysaccharides, and alcohol-insoluble 
compounds (49). Similarly, Sobowale et al. (50) highlighted that 
the viscosity of tomato products is influenced by their fiber, 
protein, fat, and total solid content. In the present study, viscosity 
ranged between 3,479 cP and 4,167 cP, with a mean value of 
3,979 ± 117 cP (Table 2). In contrast, Hassan et al. (51) reported 
much lower viscosity values, ranging from 370 cP to 489.7 cP, in 
their evaluation of the effects of pre-heating and concentration 
temperatures on tomato paste quality. Hassan et al. (51) noted 
that breaking temperatures (60°C, 70°C, and 90°C) and 
concentration temperatures (80°C and 90°C) significantly 
impacted viscosity, suggesting that processing temperatures play 
a critical role in determining the rheological properties of tomato 
paste (52). Additionally, the inactivation of pectolytic enzymes 
by heat was found to contribute to higher serum and efflux 
viscosity values by stabilizing pectin structures (35, 53).

The color parameters of the tomato paste samples exhibited 
variation. L* values ranged from 5.55 to 30.28, with a mean of 
12.38 ± 6.49, indicating that the samples were generally darker in 
appearance. The a* ranged from 4.32 to 36.26, with a mean of 
11.90 ± 5.78, suggesting a reddish tone across most samples. The b* 
ranged from −6.02 to 17.91, with a mean of 1.73 ± 3.36, implying a 
yellowish tendency. The a*/b* ratio, an important indicator of color 
quality, showed considerable variability, with values ranging from 
−28.15 to 29.06 and a mean of 5.28 ± 12.07 (Table 2). This wide range 
indicates that not all samples met the color quality specifications. As 
per U.S. and Canadian standards, the color of tomato paste is a critical 
quality parameter, and the a*/b* ratio is commonly used as a scale for 
product acceptability (43). According to Turkish and Egyptian 
standards, the a*/b* ratio should not be less than 1.8, as values below 
this threshold indicate lower quality products (43, 54). Although the 
mean ratio suggests that most samples met the minimum standard, the 
variability highlights inconsistencies in quality, with several samples 
failing to meet the specified standards.

The CI values in this study ranged from 0.87 to 3.07, with a 
mean of 2.03 ± 0.55 (Table  2). The red color of tomatoes is 
primarily due to carotenoids, with lycopene being the 
predominant pigment, accounting for about 83% of the total 
carotenoids, while β-carotene makes up around 3–7% (55–57). 
The concentration of these carotenoids can vary based on the 
tomato variety and growing conditions (55). Additionally, brown 
pigments in processed tomato products may form due to Maillard 
reactions or caramelization of sugars. These processes are 
influenced by factors such as the sugar and amino acid content, 
pH, and processing conditions, including time and temperature 
(22). This variability in the factors influencing color could help 

TABLE 2 Descriptive values of 41 tomato paste samples.

Parameter Minimum Maximum Mean ± SDa

DM (%) 12.77 29.11 22.64 ± 3.94

Bostwick (cm/30 

s)
0.10 5.25 1.54 ± 0.96

Viscosity (cP) 3479 4167 3979 ± 117

L* 5.55 30.28 12.38 ± 6.49

a* 4.32 36.26 11.90 ± 5.78

b* –6.02 17.91 1.73 ± 3.36

a*/b* –28.15 29.06 5.28 ± 12.07

Color Intensity 0.87 3.07 2.03 ± 0.55

a Mean of 41 samples ± standard deviation (SD). DM, dry matter.
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TABLE 4 Correlation between parameters and tomato paste country of 
origin.

Parameter

Country of Origin

Local Imported
Significance

(n = 31) (n = 10)

TSS (%) 24.10 ± 4.96 24.50 ± 3.24 NS

TA (%) 2.14 ± 0.83 2.36 ± 0.59 NS

DM (%) 22.65 ± 4.20 22.61 ± 3.20 NS

Bostwick 

(cm/30 s)
1.53 ± 1.01 1.58 ± 0.81 NS

Viscosity (cP) 3976 ± 135 3988 ± 20 NS

L* 12.53 ± 6.91 11.92 ± 5.26 NS

a* 12.24 ± 6.21 10.85 ± 4.26 NS

b* 1.50 ± 3.74 2.48 ± 1.66 NS

a*/b* 4.52 ± 13.24 7.63 ± 7.42 NS

CI 1.97 ± 0.58 2.21 ± 0.42 NS

Shelf life (years) 2.00 ± 0.45 2.00 ± 0.25 -

Price ($) 1.07 ± 0.75 0.97 ± 0.43 NS

Data are presented as mean ±SD. n is the sample size. Not Significant (NS): p>0.05. TSS, total 
soluble solids; TA, titratable acidity; DM, dry matter; CI, color intensity.

explain the range of color intensity observed in the tomato paste 
samples in this study.

3.3 Starch conformity and physicochemical 
characteristics of tomato paste

The correlation analysis between starch conformity and the 
physicochemical characteristics of tomato paste samples is summarized in 
Table 3. Compliant samples (n = 26) exhibited significantly higher TSS 
values (26.06 ± 2.89%) compared to non-compliant samples 
(21.23 ± 5.18%, p < 0.01). Acidity was also notably higher in compliant 
samples (2.61 ± 0.56%) than in non-compliant ones (1.47 ± 0.50%, 
p < 0.001). Similarly, dry matter (DM) content was significantly greater in 
compliant samples (24.07 ± 2.85%) versus non-compliant samples 
(20.16 ± 4.41%, p < 0.01). Additionally, CI was significantly higher in 
compliant samples (2.34 ± 0.41) compared to non-compliant samples 
(1.49 ± 0.32, p < 0.001). However, no significant differences were observed 
between compliant and non-compliant samples for Bostwick consistency 
(1.60 ± 0.62 cm/30 s vs. 1.44 ± 1.39 cm/30 s), viscosity (3,967 ± 141 cP vs. 
3,998 ± 54 cP), color parameters (L* (11.87 ± 6.37 vs. 13.27 ± 6.81), a* 
(11.54 ± 6.66 vs. 12.52 ± 3.95), b* (2.11 ± 3.82 vs. 1.08 ± 2.34), a*/b* 
(3.07 ± 12.09 vs. 9.11 ± 11.42)), shelf life (2.04 ± 0.37 years vs. 
1.92 ± 0.28 years), or price ($1.16 ± 0.78 vs. $0.84 ± 0.42) (Table  3), 
indicating no significant relationship with starch conformity (p > 0.05). 
These results suggest that starch conformity is associated with specific 
physicochemical characteristics, particularly TSS, TA, DM, and CI, but not 
with the tomato paste’s consistency, viscosity, color, shelf life, or price.

Shatta (58) demonstrated that as the TSS in tomato paste from 
Egypt increased from 4.48 to 35.88%, the moisture content significantly 
decreased from 94.17 to 63.13%, while TA increased notably from 0.45 
to 3.00%. These findings align with our results, where compliant 

tomato paste samples had higher TSS (26.06 ± 2.89%), greater acidity 
(2.61 ± 0.56%), and higher dry matter (24.07 ± 2.85%) compared to 
non-compliant samples. The presence of starch in non-compliant 
samples (n = 15) likely contributed to their lower mean TSS 
(21.23 ± 5.18%), which fell below the required 24% standard. TSS 
reflects the concentration of natural sugars, such as sucrose and 
fructose, in tomato paste, with higher TSS indicating a sweeter, more 
concentrated product (39). Our findings further support this, as 
samples containing starch had reduced TSS levels, highlighting the 
negative impact of starch addition on TSS compliance.

The presence of starch does not appear to significantly impact 
titratable acidity, as the non-compliant samples still exhibit TA levels below 
the acceptable acidity threshold for tomato paste, which is less than 7% (9).

Total solids are a key indicator of moisture content, with higher total 
solids reflecting better-quality tomato paste, as defined by food standards 
(50). Lower dry matter content (20.16 ± 4.41), associated with higher 
moisture levels, suggests that water may have been added to the 
non-compliant samples. This, coupled with the presence of starch, could 
explain the reduced dry matter content observed in these samples, 
pointing to potential adulteration aimed at enhancing perceived quality.

The CI was significantly lower in non-compliant samples 
(1.49 ± 0.32) compared to compliant ones (2.34 ± 0.41). This 
reduction suggests that starch addition dilutes key pigments, such as 
lycopene and β-carotene, which are primarily responsible for the 
vibrant red color of tomato paste (55, 57).

3.4 Parameters with country of origin of 
tomato paste

Table 4 presents the correlation between various parameters of 
tomato paste and its country of origin, with a comparison between 

TABLE 3 Correlation between starch conformity and physicochemical 
characteristics of tomato paste.

Parameter

Starch conformity (n = 41)

No. 
compliant 

(n = 26)

No. non-
compliant 

(n = 15)
Significance

TSS (%) 26.06 ± 2.89 21.23 ± 5.18 **

TA (%) 2.61 ± 0.56 1.47 ± 0.50 ***

DM (%) 24.07 ± 2.85 20.16 ± 4.41 **

Bostwick 

(cm/30 s)
1.60 ± 0.62 1.44 ± 1.39 NS

Viscosity (cP) 3967 ± 141 3998 ± 54 NS

L* 11.87 ± 6.37 13.27 ± 6.81 NS

a* 11.54 ± 6.66 12.52 ± 3.95 NS

b* 2.11 ± 3.82 1.08 ± 2.34 NS

a*/b* 3.07 ± 12.09 9.11 ± 11.42 NS

CI 2.34 ± 0.41 1.49 ± 0.32 ***

Shelf life (years) 2.04 ± 0.37 1.92 ± 0.28 NS

Price ($) 1.16 ± 0.78 0.84 ± 0.42 NS

Data are presented as mean ±SD. n is the sample size. Not Significant (NS): p > 0.05, 
*: p < 0.05, **: p < 0.01, ***: p < 0.001, where ∗, ∗∗, and ∗∗∗ denote levels of significance 
difference. TSS, total soluble solids; TA, titratable acidity; DM, dry matter; CI, color intensity.
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local and imported products. For TSS, the average values for local and 
imported tomato paste were 24.10 ± 4.96% and 24.50 ± 3.24%, 
respectively, with no significant difference (p = 0.816). TA levels were 
also similar, with local samples having 2.14 ± 0.83% and imported 
samples 2.36 ± 0.59%, with insignificant differences (p = 0.436). DM 
content for both groups was comparable (22.65 ± 4.20% for local and 
22.61 ± 3.20% for imported), and the difference was not significant 
(p = 0.978). Other parameters, including Bostwick consistency 
(1.53 ± 1.01 cm/30 s for local and 1.58 ± 0.81 cm/30 s for imported, 
p = 0.901) and viscosity (3,976 ± 135 cP for local and 3,988 ± 20 cP for 
imported, p = 0.775), also did not differ significantly. Colorimetric 
attributes such as lightness (L*), redness (a*), yellowness (b*), and the 
a*/b* ratio were consistent between local and imported products, with 
p-values of 0.800, 0.515, 0.430, and 0.486, respectively. CI was slightly 
higher in imported samples (2.21 ± 0.42) compared to local samples 
(1.97 ± 0.58), but the difference was not statistically significant 
(p = 0.165). Lastly, shelf life and price also showed no significant 
variation. Local products had an average price of 1.07 ± 0.75$, slightly 
higher than the imported average of 0.97 ± 0.43$ (p = 0.705). Overall, 
these findings indicate that local and imported tomato paste products 
are highly similar in terms of their physicochemical properties and 
quality indicators.

3.5 Compliance of tomato paste origin with 
starch usage and TSS

Figure 2 illustrates the compliance of local and imported tomato 
paste samples with starch usage and TSS levels. Among local samples 
(n = 31), 52% adhered to the starch usage standard, while 74% met the 
required TSS level. On the other hand, all imported samples from 
Syria (n = 4), Iran (n = 1), Egypt (n = 1), KSA (n = 1), UAE (n = 1), 
Bulgaria (n = 1), and China (n = 1) complied with starch usage. 
Specifically, 70% of imported samples from Syria, Iran, KSA, and 
Bulgaria complied with TSS standards, except for those from Egypt, 
UAE, and China.

To the best of our knowledge, no previous study has compared the 
compliance of starch usage in tomato paste products of Lebanese 
origin to those from other countries in the Lebanese market. 
Importantly, our findings revealed that 48% of the Lebanese tomato 
paste samples (n = 31) did not comply with the starch usage standard, 
meaning that nearly half of the products (n = 15) failed to meet the 
required guidelines. This highlights a significant gap in the quality 
control of Lebanese tomato paste, emphasizing the need for stricter 

regulations, transparent labeling, and a more rigorous oversight. To 
address these compliance issues and effectively combat food fraud, 
Lebanese regulatory authorities should prioritize the collection and 
testing of tomato paste samples for adulteration. Inspectors should 
be empowered to conduct on-the-spot tests, such as the iodine test 
and TSS measurement, to quickly identify adulterated products. A 
clear enforcement protocol should be  established, starting with a 
verbal warning for violations, followed by penalties and sanctions if 
issues are not corrected within a specified timeframe. Persistent 
non-compliance could result in product recalls or facility closures. 
These actions will not only strengthen compliance but also protect 
consumers and ensure a fair market.

4 Conclusion

This study evaluated the quality and potential adulteration of 
tomato paste products available in the Lebanese market, focusing 
on starch usage and various physicochemical parameters. The 
analysis of 41 tomato paste samples revealed that 37% were 
non-compliant with starch usage standards, highlighting a need for 
stricter enforcement of existing regulations. While 73% of the 
samples met the required TSS of 24, 41% did not match their 
labeled TSS. Nevertheless, all samples adhered to the acidity 
standards of less than 7%, confirming their safety in terms of pH 
levels. A comparison between compliant and non-compliant 
samples revealed that compliant products had significantly higher 
values for TSS, TA, DM, and CI. These parameters serve as quality 
indicators and emphasize the impact of adulteration on the overall 
product composition. Notably, the study found no significant 
differences in physicochemical properties, color, shelf life, or price 
between national and international tomato paste products, 
suggesting similar overall quality across samples. However, 48% of 
local samples were non-compliant with starch usage standards, 
while imported products adhered to these standards. While this 
study provides important insights into the adulteration of tomato 
paste in the Lebanese market, there are certain limitations to 
be acknowledged. The sample size of 41 products and the focus on 
a single region may limit the generalizability of the findings to other 
markets. Additionally, starch detection was based on qualitative 
analysis, which, although effective for identifying adulteration, lacks 
the precision of quantitative methods. Future research should aim 
to include larger sample sizes, broader geographic coverage, and 
quantitative techniques to further enhance the reliability and 
validity of the results.

Data availability statement

The original contributions presented in the study are included in 
the article/supplementary material, further inquiries can be directed 
to the corresponding author.

Author contributions

FH: Conceptualization, Investigation, Methodology, Writing – 
original draft. SK: Conceptualization, Methodology, 

FIGURE 2

Local (n = 31) and imported (n = 10) tomato paste samples tested for 
compliance with starch and total soluble solids (TSS).

https://doi.org/10.3389/fnut.2025.1559287
https://www.frontiersin.org/journals/nutrition
https://www.frontiersin.org


Habib et al. 10.3389/fnut.2025.1559287

Frontiers in Nutrition 08 frontiersin.org

Writing  – original draft, Writing  – review & editing. E-BY: 
Methodology, Writing – review & editing, Project administration, 
Resources, Supervision. ED: Methodology, Resources, 
Writing  – review & editing, Conceptualization. SS: 
Conceptualization, Methodology, Writing – review & editing. NL: 
Conceptualization, Methodology, Writing  – review & editing, 
Resources. ND: Conceptualization, Methodology, Resources, 
Writing  – review & editing, Data curation, Formal analysis, 
Funding acquisition, Investigation, Project administration, 
Supervision, Validation.

Funding

The author(s) declare that financial support was received for 
the research and/or publication of this article. This interdisciplinary 
publication was implemented with the support of the Arab-
German Young Academy of Sciences and Humanities (AGYA). 
AGYA is funded by the German Federal Ministry of Education and 
Research (BMBF) grant 01DL20003.

Conflict of interest

The authors declare that the research was conducted in the 
absence of any commercial or financial relationships that could 
be construed as a potential conflict of interest.

Generative AI statement

The authors declare that no Gen AI was used in the creation of 
this manuscript.

Publisher’s note

All claims expressed in this article are solely those of the authors 
and do not necessarily represent those of their affiliated organizations, 
or those of the publisher, the editors and the reviewers. Any product 
that may be evaluated in this article, or claim that may be made by its 
manufacturer, is not guaranteed or endorsed by the publisher.

References
 1. Omondi S. (2018). The Most popular vegetables in the world. World Atlas Available 

online at: https://www.worldatlas.com/articles/the-most-popular-vegetables-in-the-
world.html (Accessed October 25, 2024).

 2. FAO (2023). Production: crops and livestock products. FAOSTAT. Available online 
at: https://www.fao.org/faostat/en/#data/QCL (Accessed October 25, 2024).

 3. Abdulmalik I. O., Amonye M. C., Ambali A. O., Umeanuka P. O. (2014). 
Appropriate technology for tomato powder production. Int J Eng Inventions 3, 29–34. 
Available online at: www.ijeijournal.com

 4. Anthon GE, Barrett DM. Pectin methylesterase activity and other factors affecting 
pH and titratable acidity in processing tomatoes. Food Chem. (2012) 132:915–20. doi: 
10.1016/J.FOODCHEM.2011.11.066

 5. Koh E, Charoenprasert S, Mitchell AE. Effects of industrial tomato paste processing 
on ascorbic acid, flavonoids and carotenoids and their stability over one-year storage. J 
Sci Food Agric. (2012) 92:23–8. doi: 10.1002/JSFA.4580

 6. Anthon GE, Barrett DM. Changes in tomato paste during storage and the effects of 
heating on consistency of reconstituted tomato paste. J Texture Stud. (2010) 41:262–78. 
doi: 10.1111/J.1745-4603.2010.00225.X

 7. Zhang L, Schultz MA, Cash R, Barrett DM, McCarthy MJ. Determination of quality 
parameters of tomato paste using guided microwave spectroscopy. Food Control. (2014) 
40:214–23. doi: 10.1016/J.FOODCONT.2013.12.008

 8. FAO and WHO (2019). Codex Alimentarius international food standards. Food 
and Agriculture Organization of the United Nations.

 9. Codex Alimentarius (2023). Codex Alimentarius standard for processed tomato 
concentrates. Rome, Italy: Codex Stan, 1–6.

 10. Khanafer M, El Harake MD, Toufeili I, Kharroubi SA. Knowledge, attitudes and 
practices of the Lebanese community toward food adulteration. Food Secur. (2022) 
11:3178. doi: 10.3390/FOODS11203178/S1

 11. Momtaz M, Bubli SY, Khan MS. Mechanisms and health aspects of food adulteration: 
a comprehensive review. Food Secur. (2023) 12:–199. doi: 10.3390/FOODS12010199

 12. Majumdar S. Food hazards and food security. Everyman’s Sci. (2010) 64:348–55.

 13. WHO. Evaluation of certain food additives and contaminants, 67th report of the 
joint FAO/WHO expert committee on food additives, WHO technical report series no. 
940. Geneva, Switzerland: World Health Organization (2007).

 14. European Commission (2011). No 1129/2011 of 11 November 2011 amending 
annex II to regulation (EC) no 1333/2008 of the European Parliament and of the council 
by establishing a union list of food additives. Available online at: https://eur-lex.europa.
eu/legal-content/EN/TXT/HTML/?uri=CELEX:32011R1129&qid=1597164722424&fr
om=HU (Accessed October 26, 2024).

 15. European Commission (2008). No 1333/2008 of the European Parliament and of 
the council of 16 December 2008 on food additives. Available online at: https://eur-lex.
europa.eu/legal-content/EN/TXT/PDF/?uri=CELEX:32008R1333&qid=158800784094
9&from=EN (Accessed October 26, 2024).

 16. Gizaw Z. Public health risks related to food safety issues in the food market: a systematic 
literature review. Environ Health Prev Med. (2019) 24:1–21. doi: 10.1186/S12199-019-0825-5

 17. FAO (2021). Food fraud: intention, detection and management. Food and 
agriculture Organization of the United Nations. Available online at: https://
openknowledge.fao.org/server/api/core/bitstreams/7e4ed289-b286-4a15-b4ef-
f8780bb13c17/content (Accessed December 8, 2024).

 18. Spink J, Moyer DC. Defining the public health threat of food fraud. J Food Sci. 
(2011) 76:R157–63. doi: 10.1111/J.1750-3841.2011.02417.X

 19. Barrett DM, Garcia E, Wayne JE. Textural modification of processing 
tomatoes. Crit Rev Food Sci Nutr. (1998) 38:173–258. doi: 10.1080/ 
10408699891274192

 20. Vitalis F, Zaukuu JLZ, Bodor Z, Aouadi B, Hitka G, Kaszab T, et al. Detection and 
quantification of tomato paste adulteration using conventional and rapid analytical 
methods. Sensors. (2020) 20:6059. doi: 10.3390/S20216059

 21. Codex Alimentarius (1994). Codex standard for processed tomato concentrates 
(CODEX STAN 57-1981). Codex Alimentarius 5. Available online at: https://www.fao.
org/fao-who-codexalimentarius/sh-proxy/en/?lnk=1&url=https%253A%252F%252Fw
orkspace. fao.org%252Fsites%252Fcodex%252FStandards%252FCXS%
2B57-1981%252FCXS_057e.pdf (Accessed December 11, 2024).

 22. Thakur BR, Singh RK, Nelson PE. Quality attributes of processed tomato products: 
a review. Food Rev Intl. (2009) 12:375–401. doi: 10.1080/87559129609541085

 23. Ayvaz H, Sierra-Cadavid A, Aykas DP, Mulqueeney B, Sullivan S, Rodriguez-Saona 
LE. Monitoring multicomponent quality traits in tomato juice using portable mid-
infrared (MIR) spectroscopy and multivariate analysis. Food Control. (2016) 66:79–86. 
doi: 10.1016/J.FOODCONT.2016.01.031

 24. Wilkerson ED, Anthon GE, Barrett DM, Sayajon GFG, Santos AM, Rodriguez-
Saona LE. Rapid assessment of quality parameters in processing tomatoes using hand-
held and benchtop infrared spectrometers and multivariate analysis. J Agric Food Chem. 
(2013) 61:2088–95. doi: 10.1021/jf304968f

 25. Barreiro JA, Milano M, Sandoval AJ. Kinetics of colour change of double 
concentrated tomato paste during thermal treatment. J Food Eng. (1997) 33:359–71. doi: 
10.1016/S0260-8774(97)00035-6

 26. Rodrigo D., Jolie R., Loey A.Van, Hendrickx M. (2007). Thermal and high pressure 
stability of tomato lipoxygenase and hydroperoxide lyase. J Food Eng 79, 423–429. doi: 
10.1016/J.JFOODENG.2006.02.005

 27. Constable K. (2019). Food fraud risk information—tomatoes and tomato paste. 
Available online at: https://trello.com/c/0BBkItvu/410-tomatoes-and-tomato-paste 
(Accessed October 26, 2024).

 28. Banti M. Food adulteration and some methods of detection. Int J Nutr Food Sci. 
(2020) 9:86–94. doi: 10.11648/j.ijnfs.20200903.13

 29. Magwaza LS, Opara UL. Analytical methods for determination of sugars and 
sweetness of horticultural products—a review. Sci Hortic. (2015) 184:179–92. doi: 
10.1016/J.SCIENTA.2015.01.001

 30. AOAC, K Helrich (1984). Official methods of analysis of the association of official 
analytical chemists. Available online at: https://search.worldcat.org/title/Official-
methods-of-analysis-of-the-Association-of-Official-Analytical-Chemists/oclc/20709424 
(Accessed October 27, 2024).

https://doi.org/10.3389/fnut.2025.1559287
https://www.frontiersin.org/journals/nutrition
https://www.frontiersin.org
https://www.worldatlas.com/articles/the-most-popular-vegetables-in-the-world.html
https://www.worldatlas.com/articles/the-most-popular-vegetables-in-the-world.html
https://www.fao.org/faostat/en/#data/QCL
http://www.ijeijournal.com
https://doi.org/10.1016/J.FOODCHEM.2011.11.066
https://doi.org/10.1002/JSFA.4580
https://doi.org/10.1111/J.1745-4603.2010.00225.X
https://doi.org/10.1016/J.FOODCONT.2013.12.008
https://doi.org/10.3390/FOODS11203178/S1
https://doi.org/10.3390/FOODS12010199
https://eur-lex.europa.eu/legal-content/EN/TXT/HTML/?uri=CELEX:32011R1129&qid=1597164722424&from=HU
https://eur-lex.europa.eu/legal-content/EN/TXT/HTML/?uri=CELEX:32011R1129&qid=1597164722424&from=HU
https://eur-lex.europa.eu/legal-content/EN/TXT/HTML/?uri=CELEX:32011R1129&qid=1597164722424&from=HU
https://eur-lex.europa.eu/legal-content/EN/TXT/PDF/?uri=CELEX:32008R1333&qid=1588007840949&from=EN
https://eur-lex.europa.eu/legal-content/EN/TXT/PDF/?uri=CELEX:32008R1333&qid=1588007840949&from=EN
https://eur-lex.europa.eu/legal-content/EN/TXT/PDF/?uri=CELEX:32008R1333&qid=1588007840949&from=EN
https://doi.org/10.1186/S12199-019-0825-5
https://openknowledge.fao.org/server/api/core/bitstreams/7e4ed289-b286-4a15-b4ef-f8780bb13c17/content
https://openknowledge.fao.org/server/api/core/bitstreams/7e4ed289-b286-4a15-b4ef-f8780bb13c17/content
https://openknowledge.fao.org/server/api/core/bitstreams/7e4ed289-b286-4a15-b4ef-f8780bb13c17/content
https://doi.org/10.1111/J.1750-3841.2011.02417.X
https://doi.org/10.1080/10408699891274192
https://doi.org/10.1080/10408699891274192
https://doi.org/10.3390/S20216059
https://www.fao.org/fao-who-codexalimentarius/sh-proxy/en/?lnk=1&url=https%253A%252F%252Fworkspace.fao.org%252Fsites%252Fcodex%252FStandards%252FCXS%2B57-1981%252FCXS_057e.pdf
https://www.fao.org/fao-who-codexalimentarius/sh-proxy/en/?lnk=1&url=https%253A%252F%252Fworkspace.fao.org%252Fsites%252Fcodex%252FStandards%252FCXS%2B57-1981%252FCXS_057e.pdf
https://www.fao.org/fao-who-codexalimentarius/sh-proxy/en/?lnk=1&url=https%253A%252F%252Fworkspace.fao.org%252Fsites%252Fcodex%252FStandards%252FCXS%2B57-1981%252FCXS_057e.pdf
https://www.fao.org/fao-who-codexalimentarius/sh-proxy/en/?lnk=1&url=https%253A%252F%252Fworkspace.fao.org%252Fsites%252Fcodex%252FStandards%252FCXS%2B57-1981%252FCXS_057e.pdf
https://doi.org/10.1080/87559129609541085
https://doi.org/10.1016/J.FOODCONT.2016.01.031
https://doi.org/10.1021/jf304968f
https://doi.org/10.1016/S0260-8774(97)00035-6
https://doi.org/10.1016/J.JFOODENG.2006.02.005
https://trello.com/c/0BBkItvu/410-tomatoes-and-tomato-paste
https://doi.org/10.11648/j.ijnfs.20200903.13
https://doi.org/10.1016/J.SCIENTA.2015.01.001
https://search.worldcat.org/title/Official-methods-of-analysis-of-the-Association-of-Official-Analytical-Chemists/oclc/20709424
https://search.worldcat.org/title/Official-methods-of-analysis-of-the-Association-of-Official-Analytical-Chemists/oclc/20709424


Habib et al. 10.3389/fnut.2025.1559287

Frontiers in Nutrition 09 frontiersin.org

 31. Ndife J, Onwuzuruike Uzochukwu A, Osungboun O. Comparative evaluation of 
the qualities of some selected tomato-paste brands sold in Kano market. J Food Stab. 
(2020) 3:1–11. doi: 10.36400/J.FOOD.STAB.3.1.2020-0019

 32. ASTM (1993). Standard test method for determining the consistency of viscous 
liquids using a consistometer. Available online at: https://cds.cern.ch/record/1461360 
(Accessed October 27, 2024).

 33. McCarthy KL, Sacher RF, Garvey TC. Relationship between rheological behavior 
and Bostwick measurement during manufacture of ketchup. J Texture Stud. (2008) 
39:480–95. doi: 10.1111/J.1745-4603.2008.00155.X

 34. Salem Y, Rajha HN, Franjieh D, Hoss I, Manca ML, Manconi M, et al. Stability and 
antioxidant activity of hydro-Glyceric extracts obtained from different grape seed 
varieties incorporated in cosmetic creams. Antioxidants. (2022) 11:1348. doi: 
10.3390/ANTIOX11071348/S1

 35. Hayes WA, Smith PG, Morris AEJ. The production and quality of tomato 
concentrates. Crit Rev Food Sci Nutr. (1998) 38:537–64. doi: 10.1080/10408699891274309

 36. El Darra N, Rajha HN, Saleh F, Al-Oweini R, Maroun RG, Louka N. Food fraud 
detection in commercial pomegranate molasses syrups by UV–VIS spectroscopy, ATR-FTIR 
spectroscopy and HPLC methods. Food Control. (2017) 78:132–7. doi: 
10.1016/J.FOODCONT.2017.02.043

 37. Glories Y. La couleur des vins rouges. 2e partie: mesure, origine et interprétation. 
OENO One. (1984) 18:253–71. doi: 10.20870/OENO-ONE.1984.18.4.1744

 38. Novotny L, King J, Phillips K, Thiex N. Recommendations and critical factors in 
determining moisture in animal feeds AAFCO’s Laboratory Methods and Services 
Committee (2018). Available at: https://www.aafco.org/Portals/0/SiteContent/
Laboratory/Loss_on_drying-moisture/Recommendations_and_Critical_Factors_for_
Determining_Moisture_in_Animal_Feed.pdf

 39. Boakye A, Avor DD, Amponsah IK, Appaw WO, Owusu-Ansah L, Adjei S, et al. Quality 
assessment of tomato paste products on the Ghanaian market: an insight into their possible 
adulteration. Int J Food Sci. (2024) 2024:8285434. doi: 10.1155/2024/8285434

 40. Eke-Ejiofor J. Comparative evaluation of lycopene content and some chemical 
properties of commonly consumed Brands of Tomato Paste in port –Harcourt, south-
south, Nigeria. J Food Nutr Sci. (2015) 3:35–7. doi: 10.11648/J.JFNS.20150302.12

 41. Aykas DP, Borba KR, Rodriguez-Saona LE. Non-destructive quality assessment of 
tomato paste by using portable mid-infrared spectroscopy and multivariate analysis. 
Food Secur. (2020) 9:1300. doi: 10.3390/FOODS9091300

 42. Paolo D, Bianchi G, Scalzo RL, Morelli CF, Rabuffetti M, Speranza G. The 
chemistry behind tomato quality. Nat Prod Commun. (2018) 13:1225–32. doi: 
10.1177/1934578X1801300927

 43. Devseren E, Okut D, Koç M, Karataş H, Kaymak-Ertekin F. Comparison of quality 
characteristics of tomato paste produced under atmospheric conditions and vacuum 
evaporations. An Acad Bras Cienc. (2021) 93:e20200215. doi: 10.1590/0001-3765202120200215

 44. Abdullahi II, Abdullahi N, Abdu AM, Ibrahim AS. Proximate, mineral and 
vitamin analysis of fresh and canned tomato. Biosci Biotechnol Res Asia. (2016) 
13:1163–9. doi: 10.13005/BBRA/2147

 45. Barringer SA. Vegetables: tomato processing., Blackwell publishing In: JS Smith, 
YH Hui and NJ Hoboken, editors. Food processing: Principles and applications. USA. 
(2004) 473–90. doi: 10.1002/9780470290118

 46. Barringer SA, Safiul Azam ATM, Heskitt B, Sastry S. On-line prediction of 
Bostwick consistency from pressure differential in pipe flow for ketchup and related 
tomato products. J Food Process Preserv. (2007) 22:211–20. doi: 
10.1111/J.1745-4549.1998.TB00346.X

 47. Berta M, Wiklund J, Kotzé R, Stading M. Correlation between in-line 
measurements of tomato ketchup shear viscosity and extensional viscosity. J Food Eng. 
(2016) 173:8–14. doi: 10.1016/J.JFOODENG.2015.10.028

 48. Munhoz KAS, Schmidt FL. The tomato paste quality attributes along the industrial 
processing chain. Afr J Food Sci. (2019) 13:215–24. doi: 10.5897/AJFS2019.1825

 49. Gallais A., Bannerot H. (1992). Amelioration des especes vegetales cultivees: 
objectifs et criteres de selection. INRA, France, 379–391. Available online at: https://
www.quae.com/produit/390/9782759210787/amelioration-des-especes-vegetales-
cultivees-objectifs-et-criteres-de-selection (Accessed January 4, 2025).

 50. Sobowale S, Olatidoye OP, Odunmbaku L, Animashaun O. A comparative study 
on physicochemical and rheological properties of imported tomato paste in Nigeria. 
Sustain Agric Res. (2012) 1:51. doi: 10.5539/SAR.V1N2P51

 51. Hassen Y, Gebre H, Haile A. Effects of pre-heating and concentration temperatures 
on Physico-chemical quality of semi concentrated tomato (Solanum lycopersicum) paste 
Hassen et al effects of pre-heating and concentration temperatures on Physico-chemical 
quality of semi concentrated tomato (Solanum lycopersicum) paste. J Food Process 
Technol. (2019) 10:6. doi: 10.4172/2157-7110.1000795

 52. Bayod E. Microstructural and rheological properties of concentrated tomato 
suspensions during processing. PhD Thesis. Sweden: Lund University (2008).

 53. Koocheki A, Ghandi A, Razavi SMA, Mortazavi SA, Vasiljevic T. The rheological 
properties of ketchup as a function of different hydrocolloids and temperature. Int J Food 
Sci Technol. (2009) 44:596–602. doi: 10.1111/J.1365-2621.2008.01868.X

 54. Baier SL, Bergstrand JH. Economic determinants of free trade agreements. J Int 
Econ. (2004) 64:29–63. doi: 10.1016/S0022-1996(03)00079-5

 55. Gould W. A. (1992). Tomato production, processing and technology. Baltimore: CTI 
Publishing. Available online at: https://www.sciencedirect.com/book/9781845695996/
tomato-production-processing-and-technology (Accessed January 4, 2025).

 56. Khalaf RA, Awad M. Lycopene as a potential bioactive compound: chemistry, 
extraction, and anticancer prospective. Curr Cancer Drug Targets. (2023) 23:634–42. doi: 
10.2174/1568009623666230131124236

 57. Lewinsohn E, Sitrit Y, Bar E, Azulay Y, Ibdah M, Meir A, et al. Not just colors—
carotenoid degradation as a link between pigmentation and aroma in tomato and 
watermelon fruit. Trends Food Sci Technol. (2005) 16:407–15. doi: 
10.1016/J.TIFS.2005.04.004

 58. Shatta A. Impact of processing steps on physicochemical and rheological 
properties of tomato paste (cold-break). MOJ Food Process Technol. (2017) 5:263–71. 
doi: 10.15406/mojfpt.2017.05.00122

https://doi.org/10.3389/fnut.2025.1559287
https://www.frontiersin.org/journals/nutrition
https://www.frontiersin.org
https://doi.org/10.36400/J.FOOD.STAB.3.1.2020-0019
https://cds.cern.ch/record/1461360
https://doi.org/10.1111/J.1745-4603.2008.00155.X
https://doi.org/10.3390/ANTIOX11071348/S1
https://doi.org/10.1080/10408699891274309
https://doi.org/10.1016/J.FOODCONT.2017.02.043
https://doi.org/10.20870/OENO-ONE.1984.18.4.1744
https://www.aafco.org/Portals/0/SiteContent/Laboratory/Loss_on_drying-moisture/Recommendations_and_Critical_Factors_for_Determining_Moisture_in_Animal_Feed.pdf
https://www.aafco.org/Portals/0/SiteContent/Laboratory/Loss_on_drying-moisture/Recommendations_and_Critical_Factors_for_Determining_Moisture_in_Animal_Feed.pdf
https://www.aafco.org/Portals/0/SiteContent/Laboratory/Loss_on_drying-moisture/Recommendations_and_Critical_Factors_for_Determining_Moisture_in_Animal_Feed.pdf
https://doi.org/10.1155/2024/8285434
https://doi.org/10.11648/J.JFNS.20150302.12
https://doi.org/10.3390/FOODS9091300
https://doi.org/10.1177/1934578X1801300927
https://doi.org/10.1590/0001-3765202120200215
https://doi.org/10.13005/BBRA/2147
https://doi.org/10.1002/9780470290118
https://doi.org/10.1111/J.1745-4549.1998.TB00346.X
https://doi.org/10.1016/J.JFOODENG.2015.10.028
https://doi.org/10.5897/AJFS2019.1825
https://www.quae.com/produit/390/9782759210787/amelioration-des-especes-vegetales-cultivees-objectifs-et-criteres-de-selection
https://www.quae.com/produit/390/9782759210787/amelioration-des-especes-vegetales-cultivees-objectifs-et-criteres-de-selection
https://www.quae.com/produit/390/9782759210787/amelioration-des-especes-vegetales-cultivees-objectifs-et-criteres-de-selection
https://doi.org/10.5539/SAR.V1N2P51
https://doi.org/10.4172/2157-7110.1000795
https://doi.org/10.1111/J.1365-2621.2008.01868.X
https://doi.org/10.1016/S0022-1996(03)00079-5
https://www.sciencedirect.com/book/9781845695996/tomato-production-processing-and-technology
https://www.sciencedirect.com/book/9781845695996/tomato-production-processing-and-technology
https://doi.org/10.2174/1568009623666230131124236
https://doi.org/10.1016/J.TIFS.2005.04.004
https://doi.org/10.15406/mojfpt.2017.05.00122

	Adulteration and quality assessment of tomato paste: a study of the Lebanese market
	1 Introduction
	2 Materials and methods
	2.1 Raw materials
	2.2 Iodine test
	2.3 Total soluble solids
	2.4 Titratable acidity
	2.5 Bostwick consistency
	2.6 Viscosity
	2.7 Color determination
	2.8 Color intensity
	2.9 Dry matter content
	2.10 Labeling information assessment
	2.11 Statistical analysis

	3 Results and discussion
	3.1 Compliance of tomato paste samples with standards
	3.2 Descriptive values of tomato paste samples
	3.3 Starch conformity and physicochemical characteristics of tomato paste
	3.4 Parameters with country of origin of tomato paste
	3.5 Compliance of tomato paste origin with starch usage and TSS

	4 Conclusion

	References

