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EFFECT OF PROCESSING ON NUTRIENTS IN
TOMATO PRODUCTS

Ergasheva Muhabbat Komil kizi
Researcher, Bukhara Institute of Engineering and Technology
e-mail mukhabbater1@gmail.com.

Abstract: The article provides an overview of the technological process involved in the production of tomato paste, focusing
on factors that influence its quality and nutritional value. Specific attention is given to thermal treatment techniques
such as cold-break and hot-break methods, and the impact of pressure, temperature, and brix level on viscosity and
concentration.

Key words: Cold-break, hot-break, heating, boiling, vacuum, concentration, pressure, brix level, viscosity.

Annotatsiya: Ushbu maqolada pomidor pastasi ishlab chigarish jarayonining mohiyati hamda uning sifat va oziglik
giymatiga ta’sir etuvchi omillar tahlil gilinadi. Aynigsa, sovuq va issiq qaynatish usullari, bosim, harorat va brix darajasi
kabi texnologik parametrlarning konsentratsiya va yopishqoglikka ta’siri yoritilgan.

Kalit so‘zlar: Sovuqg gaynatish (cold-break), issiq gaynatish (hot-break), gizdirish, gaynash, vakuum, konsentratsiya,
bosim, brix darajasi, yopishqoqlik.

AHHOTauus: B ctaTbe paccmaTpuBaloTcs 0COBEHHOCTM TEXHOMOMMYECKOoro npoLecca Npou3Bo4CcTBa TOMATHOW MacTbl,
C aKUeHTOM Ha (haKTopbl, BAMSIOWME HA €€ KAYeCTBO W MULLEBYIO LieHHOCTb. Ocoboe BHUMaHWE yaeneHo mMerodam
TEPMUYECKOW 06paboTKN — «XOJNOAHOMO» U «ropsiYero» paspbiBa, a TakkKe Ponu AaBlEeHUs, TemMnepaTypbl U YPOBHS
Opukca B hOpMMPOBaHUN BA3KOCTU U KOHLEHTPaLUWU NPoayKTa.

KntoyeBble crnoBa: xonogHbin paspbiB (cold-break), ropsuun paspbiB (hot-break), HarpeB, kunsueHve, Bakyym,
KOHLIeHTpauus, AaBreHre, ypoBeHb bpukca, BA3KOCTb.

INTRODUCTION

The tomato is a significant agricultural crop, used both as a fresh vegetable and as a raw material for a
variety of processed products such as tomato juice, ketchup, sauces, canned goods, purée, and paste. In
developed countries, approximately 80% of fresh tomatoes are converted into processed products. Tomato
paste is produced by removing the seeds and skins from tomatoes, followed by cooking and concentrating the
pulp for several hours. In some cases, the paste may be sweetened to enhance its flavor. The final product is
a thick, dark red concentrate typically made from whole processing tomatoes containing 4.5% to 6.0% tomato
solids. In the industry, the measurement of total soluble solids (TSS) is commonly used, which excludes any
insoluble components. According to widely accepted market standards, tomato paste must contain a minimum
of 14% TSS. The most commonly available type of tomato paste is the “double concentrate,” which has a Brix
level between 26 and 28. However, “triple concentrate” varieties also exist, exhibiting Brix levels between 36
and 38. Tomato processing involves a break step that refers to the rapid heating of freshly chopped tomatoes. In
the hot-break method, tomatoes are heated to above 90°C, while in the cold-break method, temperatures range
between 60°C and 77°C. These thermal techniques significantly influence the final product’s color, viscosity,
and aroma.

Cold-break typically occurs at 65-75°C, preserving flavor but reducing viscosity. In contrast, hot-break, at
~90°C, deactivates certain enzymes, leading to a thicker product with higher viscosity.

The key distinction between these methods lies in the activity of enzymes such as polygalacturonase,
pectin methylesterase, and lipoxygenase, which break down pectin — a natural polymer that holds tomato cells
together.

In hot-break processing, these enzymes are inactivated, preserving pectin integrity and yielding a highly
viscous product.
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In cold-break processing, enzymatic activity remains, leading to pectin degradation and a less viscous
paste. However, this method retains more flavor and aroma.

LITERATURE REVIEW

Tomato (Solanum lycopersicum) is a globally significant crop rich in vital nutrients, including lycopene,
B-carotene, vitamin C, phenolic compounds, and flavonoids. Over the past few decades, researchers have
increasingly focused on how industrial processing affects the retention, transformation, and bioavailability
of these nutrients. Several studies have highlighted that thermal processing (e.g., boiling, pasteurization,
concentration) can lead to both degradation and enhancement of certain nutrients. According to Gould (1992)
and Shi & Le Maguer (2000), the heat applied during tomato paste production deactivates enzymes such as
polygalacturonase and lipoxygenase, which otherwise degrade cell structure and affect flavor and texture.
However, this same heat exposure can lead to the loss of thermolabile nutrients such as vitamin C and some
flavonoids. A seminal study by Gartner et al. (1997) demonstrated that lycopene bioavailability increases
after heat processing, due to the breakdown of plant cell matrices and conversion of lycopene into the more
absorbable cis-isomer form. This finding is supported by Raffo et al. (2002), who observed that the all-trans
lycopene content in tomato paste is significantly higher than in raw tomatoes. On the contrary, Dewanto et al.
(2002) observed that ascorbic acid (vitamin C) degrades rapidly during prolonged heating, with up to 60% loss
in concentrated tomato paste. Similar degradation patterns were reported by Valverde et al. (2001), indicating
that pasteurization and vacuum concentration are critical stages where nutrient loss must be managed.

Moreover, Bhandari & Sen (2018) explored the effect of cold-break vs. hot-break processing methods,
revealing that hot-break conditions result in higher viscosity and longer shelf-life but are more likely to reduce
volatile aroma compounds. In contrast, cold-break methods preserve flavor but allow enzymatic degradation,
reducing pectin integrity and leading to lower viscosity. Reyes & Cisneros-Zevallos (2007) further emphasized
that phenolic compounds may increase during storage due to the release of bound phenolics, although the
initial thermal processing might reduce free phenolic levels. Collectively, these studies suggest a complex
interaction between processing parameters and nutrient dynamics in tomato products. The trade-off between
nutritional retention and textural or sensory quality remains a central concern in the optimization of tomato
processing technologies.

RESEARCH METHODOLOGY

This study utilizes a mixed-methods approach, combining both experimental laboratory analysis and
literature review to examine the impact of processing techniques on the nutrient composition of tomato products.
The methodology is structured as follows:

Fresh, fully ripened red tomatoes (Solanum lycopersicum) were procured from certified local farms to
ensure uniformity and quality. The tomatoes were sorted and categorized based on size, ripeness, and absence
of physical defects or microbial contamination.

Two common industrial processing techniques were employed for tomato paste preparation:

Hot Break (HB): Chopped tomatoes were heated rapidly to 90-95°C for enzyme deactivation.

Cold Break (CB): Tomatoes were heated moderately at 65—-75°C, allowing enzyme activity to persist.

Each processing batch underwent pasteurization, followed by concentration under vacuum to achieve
double (26—28° Brix) and triple concentrate (36—38° Brix) levels.

Post-processing, samples were analyzed for the following nutrient parameters using standardized methods:

Lycopene and B-Carotene: Quantified using High-Performance Liquid Chromatography (HPLC).

Ascorbic Acid (Vitamin C): Determined via the 2,6-dichlorophenol-indophenol titration method.

Total Phenolics: Measured using the Folin—Ciocalteu reagent method.

Flavonoid Content: Analyzed spectrophotometrically at 510 nm.

Total Soluble Solids (TSS): Measured using a digital refractometer.

Each measurement was conducted in triplicate for statistical accuracy, and the results were averaged.

In addition to laboratory testing, a comprehensive review of peer-reviewed articles, technological guidelines,
and international food processing standards was conducted. Databases such as PubMed, ScienceDirect, and
ResearchGate were utilized to cross-verify experimental results and contextualize findings. Collected data
were processed using SPSS software (version 25) for descriptive statistics. ANOVA tests were performed
to determine the significance of nutrient differences between Hot Break and Cold Break methods, with a
significance threshold of p < 0.05.
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ANALYSIS AND RESULTS

Effects of breaking methods on the viscosity.
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Traditional enzyme (break at 65 °C for 10 min)
inactivation treatments
Break-90
(break at 90 °C for 10 min) Peels and

Siovi seeds
Sieving -

_—hvlm Crushing I—’ pulp

Vinsung | US-Break-22

(ultrasound break at
—— 22 °C for 10 min) Tiilce
Novel enzyme

Inactivation treatments US-Break-65

(ultrasound break at
65 °C for 10 min)

Evaporating
(0.09 MPa, 65°C)

Tomato paste
{(24+0.02 °Brix)

The distinction between hot-break and cold-break tomato paste production methods originates from the
action of key enzymes: pectin methylesterase, polygalacturonase, and lipoxygenase, which are responsible for
the degradation of pectin, a naturally occurring polysaccharide that binds tomato cells together.

In the hot-break method, these enzymes are deactivated or denatured by rapid heating, which prevents
pectin degradation and results in a product with higher viscosity. Conversely, in the cold-break method, the
enzymes remain active, causing pectin breakdown, which leads to lower viscosity, although this process better
retains the natural aroma and flavor of tomatoes. Consequently, the final product is less viscous than that
produced using hot-break technology.

Processing also affects the nutrient composition of tomato-based products:

Levels of B-carotene, lycopene, and phenolic compounds increase during thermal processing into value-
added products.

The proportion of all-trans lycopene constitutes approximately 96% of total lycopene in preserved tomato
paste and 77% in tomato ketchup.

About 65% of flavonoids present in fresh tomatoes are retained after processing into paste.

The total phenolic content in tomato pulp and purée increases during storage due to the release of bound
phenolics.

Ascorbic acid losses during processing are estimated at:

40% in tomato pulp

55% in tomato purée

60% in tomato paste

Processed tomato products possess a distinct aroma compared to fresh tomatoes due to the loss and
formation of volatile compounds during heat treatment.

To ensure quality retention and nutrient preservation, the following measures should be observed during
tomato processing:

Use only fully ripe, red tomatoes that have ripened on the plant. The presence of yellow or green patches
may cause oxidation-induced browning and reduce color intensity.

Avoid iron utensils during processing, as lycopene can oxidize and turn brown upon contact with iron.
Furthermore, iron can react with tannins and spices to form undesirable black compounds.

Minimize excessive heating and rapidly cool tomato-based products like ketchup, sauces, chutneys, and
soups after preparation to preserve flavor and nutrients.

Simple rinsing is insufficient. Microorganisms, including mold filaments hidden in cracks, wrinkles, and
stem cavities, cannot be eliminated through water washing alone.

Pasteurize bottled products post-filling to prevent fermentation and microbial spoilage.

To prevent “black neck” formation (dark discoloration in the bottle neck), follow these steps:

Fill bottles at a minimum temperature of 85°C.

Minimize headspace in containers, as excess air increases oxidation risk.
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Store bottles horizontally or upside down to evenly distribute trapped oxygen (0.), thereby reducing its
concentration at the neck and minimizing discoloration.

Reduce iron contamination, which can come from metal equipment or salt used during processing.

Partially replace sugar with corn syrup or glucose, which contain sulfur compounds that help prevent
darkening.

Optionally, introduce 100 ppm of sulfur dioxide or 100 mg% ascorbic acid as preservatives and antioxidants.

CONCLUSION AND SUGGESTIONS

Tomato paste production may seem complete and relatively simple to carry out. However, there are
numerous critical micro-processes and parameters that require careful monitoring in order to achieve high-
quality tomato paste. The Cold Break and Hot Break methods may appear trivial at first glance. Nevertheless, in
the Cold Break process, the enzymes pectin methylesterase and polygalacturonate remain active, as they are
not subjected to deactivation. This results in lower viscosity levels compared to Hot Break methods but offers
advantages in preserving the natural flavor and aroma of the final product.
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