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CONCEPTUAL RESEARCH GUIDELINES

The actuality of the investigated topic. The insufficiency of sources of natural acidity,
used in the food industry, and the increased interest of consumers for healthier foods require
scientists to find the possibilities of replacing synthetic organic acids in production recipes with
natural components. A safe and advantageous way would be to capitalize on the natural
compounds from unripe apples, obtained as a result of thinning or physiological falls, between 40
- 65 days after blooming (DAB).

Thinning of undeveloped fruit is carried out in order to balance the amount of fruit left on
the tree with the surface of the leaves and to minimize the assimilation competition between apples
(Pesteanu et al., 2017; Assirelli et al., 2018). Thus, in the plantations, approx. 25 - 30% of the
expected fruit end up being removed, especially in years with insufficient soil moisture (Chen et
al., 2015). Significant volumes of unripe apples are not used for food purposes and, being
horticultural waste, represent sources of environmental pollution that cannot be neglected. At the
same time, unripe apples contain impressive amounts of valuable substances, such as organic
acids, carbohydrates, phenolic substances, minerals, etc. (Yang et al., 2021; Geleta et al., 2023).
Total content of organic acids is high at the beginning of ripening and decreases during fruit
development, malic acid being the main (Alberti et al., 2016; Ma et al., 2018; Bandic et al., 2019).

The analysis of bibliographic sources and normative documentation (OMAIA153/2010)
shows that the preservation recipes (especially of fruits and vegetables) contain synthetic acidifiers
as a source of acidity. Chemical and quality management issues regarding synthetic food additives
are currently widely discussed, as reports of food poisoning have led to a search for safe and
effective preservatives, mostly of plant origin. (Fiorino et al., 2019; Anyasi et al., 2017). The
addition of natural compounds with functional properties to new food formulas provides one of
the main challenges of the contemporary food industry. International producers are oriented
towards the use of organic acids of natural origin (verjuice, acidifier from grapes, fruits and
concentrated juice from corks), with the aim of manufacturing healthy products with a high
nutritional value (Nilgun et al., 2019; Dupas de Matos, 2019; Golubi, 2019).

Motivation for choosing the research topic. Healthy eating is becoming more and more
popular and necessary worldwide. Consumer's intolerance to synthetic food additives increases the
need for their substitution with natural compounds, derived from natural sources of plant origin,
stable and safe for human consumption.

Natural acidifiers can be obtained by harnessing unripe apples, thus encouraging the

promotion of the transition to sustainable food systems, mainly the development of products with



"zero impact” on the environment, reducing climate change and increasing access to healthy and
sustainable nutritious food.

Research hypothesis: Unripe apples, being horticultural waste, can be used to obtain the
natural acidifier, favoring the reduction of raw material losses and substituting synthetic organic
acids in food. This perspective could help supplement natural additives in the food industry,
according to the trend to meet consumer demand for healthy and sustainable products.

Aim of the research: utilization of unripe apples to obtain a source of natural acidity,
called apple acidifier, and its use in the food industry, especially in the preservation of fruits and
vegetables, substituting acids in classic production recipes.

To achieve the proposed goal and verify the formulated scientific hypothesis, the following
research objectives were established:

1. Studying the biochemical processes in apple fruits during growth and development to establish
the optimal harvesting period for obtaining the natural acidifier.

2. Application of mathematical modeling to determine the influence of enzyme preparations,
temperature and system parameters on juice yield from unripe apples.

3. Elaboration of the technological flow for obtaining apple acidifiers and producing their
experimental batches.

4. Determination of the content of organic acids, carbohydrates, total phenolic substances and
antioxidant activity in acidifier samples.

5. Analysis of the microbiological and sensory characteristics of apple acidifiers; establishing
shelf life.

6. Implementation of the apple acidifier in obtaining preserved fruits and vegetables to substitute
acetic and citric acids from the classic production recipes; studying the quality of the products
developed.

7. Carrying out the feasibility study of the manufacture of apple acidifier and canned products
with its application.

Synthesis of research methodology and justification of chosen research methods. To
carry out the present work, a series of both classic and modern research methods were applied,
such as: analysis by high-performance liquid chromatography (HPLC), for the determination of
organic acids; capillary electrophoresis (CE) — of carbohydrates; DPPH free radical test was
applied to determine the antioxidant activity; UV/Vis method for calculating the total content of
polyphenols. Sensory, physico-chemical and microbiological methods were used to determine the

quality indicators in the studied unripe apples, in the acidifiers obtained from these fruits and in



the food products developed with the application of apple acidifier. At the same time, statistical
and mathematical modeling methods were used in the given study.

The theoretical importance and scientific innovation of the work consist in arguing the
need to exploit the biomass of unripe apple fruits to obtain a source of natural acidity, necessary
for the food industry, and in the possibility of using it for the manufacture of new food products.
In order to solve the proposed problem such as researches were carried out:

» for the first time in the R. Moldova, the parameters of unripe apple fruits were studied and the
optimal period for their harvesting was established in order to obtain a source of natural acidity;
» influence of enzymes and temperature on the shredded mass during the production of the
acidifier was determined, regarding the increase of the juice yield; mathematical model was
applied based on the parameters determined from the system;

> possibility of applying an optimized pasteurization regimen in the process of obtaining the
acidifier from apples was argued theoretically and experimentally;

» production technology of the acidifier from apples was argued and elaborated with the obtaining
of experimental batches;

» organic acids, carbohydrates, antioxidant activity, total polyphenol content, quality indicators,
microbiological stability and shelf life of apple acidifiers were qualitatively and quantitatively
determined,;

> possibility and necessity of substituting acetic and citric acids, from the traditional recipes for
preserving fruits and vegetables, with the acidifier from apples was argued theoretically and
experimentally; manufacturing technologies of new food products were developed;

» advantage of producing the apple acidifier and the products made with its use was theoretically
argued and economically demonstrated.

Applicative value of the work:

« according to the obtained experimental results, the procedures for obtaining the apple acidifier
and the acidifier blended from apples and grapes were developed and patented;

« technologies for the production of canned vegetables and fruits with application of apple acidifier
were developed (pickled tomatoes, canned cucumbers, vegetable stew, canned hot peppers, sour
cherry jam and canned strawberries);

«the impact of unripe apple parameters on quality indicators, sensory characteristics,
microbiological stability and shelf life of apple acidifier and food products using it was elucidated;
« it has been proven that the manufacture of the acidifier and elaborated products will ensure an
increase in profitability by 0.9-3.1%, compared to analogue products manufactured according to

classic recipes.



Approval of results. The results obtained within the thesis were communicated and
discussed at international and national symposiums and conferences: International Conference
,Modern Technologies in the Food Industry”, Chisinau (2018); Technical-scientific conference of
students, masters and PhD-students TUM, Chisinau (2019-2022); National Scientific-Practical
Conference "Innovation: Factor of social-economic development”, Cahul (2020); Conference
CASEE ,,Sustainable agriculture in the context of climate change and digitalization”, Chisinau
(2022); International scientific conference "Prospects and problems of integration in the European
Research and Education Area”, Cahul (2022); International Conference ,[Ecological &
Environmetal Chemistry”, Chisinau (2022); International Simposium ,,Euro-Aliment”, Galati
(2021); International Scientific Simposium "Agrifood Sector - Achievements and Perspectives”,
Chisinau (2021-2022); Scientific-Practical Conference with international participation
“Technologies for processing waste to produce new products”, Kyrov, Russia (2022); national
and international salons of inventions: Innovation and Research Salon ,,UGAL INVENT-2019”,
Galati, Romania; International exhibition of inventions ,INFOINVENT-2019”, Chisinau,
Moldova; European Exhibition of Creativity and Innovation ,,EURO INVENT-2018”, Iasi,
Romania; ,,INVENTICA-2018”, Iasi, Romania; round tables: "Innovative processing
technologies of agri-food raw material” (2019), and "Quality through research. From soil to
product. Improving product quality through innovation and collaboration between research and
industry” (2023), Specialized International Exhibitions ,,Food & Drinks”, MoldExpo, Chisinau;
international project reports ,,Use of apple acidifier in preserving fruit and vegetables” (2022-
2023) FMS ,,National Scholarship Programme of the World Federation of Scientists”, Switzerland.
The research results were published in national magazines ,,Journal of Engineering Science”
(DOAJ — cat. B+), TUM, Chisinau (2021; 2023) and international ,,Scientific Study & Research —
Chemistry & Chemical Engineering, Biotechnology, Food Industry” (WoS — ESCI) Bacau,
Romania (2023). Work done during studies and research was appreciated by the Government of
the Republic of Moldova by approving the Government Excellence Scholarship (2021-2022).

Publications on the thesis. Research results and the issues addressed have been published
in 16 scientific papers, including 3 single-author scientific articles with reviewers, 2 invention
patents, 11 articles in collections and abstracts at national and international scientific events.

Summary of thesis chapters. The PhD thesis includes annotation (RO, RU and EN),
introduction, 4 chapters, general conclusions, practical recommendations, 318 bibliographic
sources and 3 appendices. The basic text contains 115 pages, including 50 tables and 44 figures.

Key words: unripe apples, apple acidifiers, organic acids, carbohydrates, phenolic

substances, antioxidant activity, canned fruit and vegetables with the apple acidifier application.
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THESIS CONTENT
1 Acidifiers used in the food industry and biochemical changes in apples during development

The first chapter represents the current knowledge study on acidifiers used in the food
industry, including those of natural origin implemented in experimental level food. At the same
time, this chapter describes the dynamics of the accumulation and transformation of the main
biochemical compounds in apples during development, the benefit of apple consumption on
human health and the technology of the apple juice production.

The bibliographic analysis shows that unripe apples contain, depending on the ripening
phase, significant amounts of organic acids and other valuable substances such as carbohydrates,
phenolic compounds, polysaccharides, minerals and vitamins, and the total antioxidant activity of
unripe apples is higher than of ripe fruit. At the same time, the substitution of synthetic additives
with natural ones in the production of healthy foods is very current.

The study carried out raises the level of knowledge regarding the biochemical compounds
in unripe apples, which represent horticultural waste following thinning or physiological drops,
intending to exploit them to obtain the natural acidifier.

2 Materials and methods of the research

Chapter two describes the raw, secondary and auxiliary materials for research; reagents,
devices and installations used in the study; standardized methods of determination, as well as
modern methods of analysis (high-performance chromatography - HPLC, capillary electrophoresis
- CE, UV-VIS spectrophotometry), technological research methods; the methodology for
determining the quality indicators of the analyzed raw materials and the elaborated products.

The main objects of research served the unripe apples of 4 perspective varieties: Coredana,
Golden Rezistent, Rewena and Reglindis, harvested during development on days 45, 58, 71, 84
and 97 days after blooming (DAB) (the months of June - July) of years 2018 — 2020 from the
experimental lots of the Scientific-Practical Institute of Horticulture and Food Technologies
(ISPHTA). The experimental samples of apple acidifiers and developed food products with their

application were obtained and analyzed.

3 Research on the influence of unripe apple parameters on the quality of natural acidifier
In this chapter, the study on unripe apples of 4 varieties selected for research is described
and the physicochemical indicators are determined. At the same time, methods to increase the yield

of juice from these fruits were applied and studied.



3.1 Physicochemical characteristics of unripe apples during development

Knowing the physico-chemical characteristics of thinned unripe apples is a promising way
of efficient management of horticultural waste, regarding the rational use of plant raw materials
by increasing sustainability.

The physicochemical indicators were determined in the studied unripe apples, and the
obtained results are presented in Table 3.1.

Table 3.1. Physicochemical indicators of studied apple fruits during development

\g‘:‘;' DAB" W, % AT™, % §Eler|i_|x' TOtaL/iugar' pH
3 45 | 83842002 | 1972001 | 655001 | 335004 | 3,050,012
= 58 | 8639004 | 1,8020,00 | 7,800,013 | 527-0,08 | 3,160,035
3 71 | 84,1820,02 | 1,76-0,00 | 865:0,07 | 654003 | 3,14%0,004
3 84 | 8532:001 | 1,53£0,03 | 10,5820,01 | 829%£0,07 | 3,070,008
97 | 8428004 | 135004 | 12352001 | 9,76=0,13 | 3,19%0,002
|45 | 86,16£0,03 | 2222004 | 6652001 | 518£001 | 295£0,016
c £ 58 | 8545001 | 2,12:001 | 7.06£0,07 | 562+007 | 2.98%0,023
SB[ 71 | 8662£007 | 197£001 | 847011 | 7.44%0,11 | 3,01%0,005
S3[ 84 | 8648003 | 1.88+002 | 9954008 | 8824008 | 3,06%0,001
97 | 87085003 | 1,72£003 | 11,43£0,05 | 10,02£0,05 | 3,150,002
) 45 | 8473:0,08 | 2,63£0,08 | 660007 | 409:007 | 3.07£0,017
3 58 | 83,20-0,10 | 2,500,100 | 785£0,14 | 527£0,02 | 3,170,008
S [ 71 | 85042007 | 240£001 | 870£0,05 | 601005 | 3,05+0,003
3 84 | 8438003 | 2122009 | 10,60£0,02 | 7,7320,01 | 3,20%0,002
97 | 8503£0,02 | 200001 | 11,8520,01 | 933=0,13 | 3,130,023
45 | 86902007 | 279£0,08 | 650012 | 429=0,14 | 2,500,023
T 58 | 85,66-020 | 2.73£0,07 | 7.6520,07 | 5202009 | 2,630,002
g 71 | 87,1020,08 | 2,63£0,00 | 8502003 | 6,15£005 | 2,70%0,002
& 84 | 8463£0,07 | 230=001 | 10,7520,00 | 7,8320,01 | 2,94%0,021
97 | 83,88£003 | 2,09£002 | 12,0002 | 9692002 | 2.81£0,019

Note: - DAB — days after blooming; W — moisture; AT - - titratable acidity, expressed in malic acid; SUH — water-soluble dry substances; pH —
active acidity; results represent average + SD.

During the growth and development of apples, the moisture content varied between 83.20
% and 87.10 % and no significant differences were observed between the varieties tested. Moisture
IS an important parameter, because it influences the yield of the juice (Zheng et. al, 2012).

The content of water-soluble dry matter (SUH) increased considerably with the growth and
development of apple fruits. The highest concentrations of this indicator were recorded in the
Coredana varieties, with values between 6.55 Brix and 12.35 Brix, and Golden Rezistent, between
6.65 Brix and 11.43 Brix; followed by the varieties Rewena (6.60 Brix — 11.85 Brix) and Reglindis
(6.50 Brix — 12.10 Brix). A sudden increase in SUH is observed around the 84" DAB, followed
by a slow increase thereafter.

The total carbohydrate content increases significantly during fruit development, with
values between 3.35 % and 9.76 % for the Coredana variety, between 5.18 % and 10.02 % for the

Golden Rezistent variety, between 4.09 % and 9.33 % for the Reglindis variety and between 4.29
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% and 9.69 % for the Rewena variety. As in the case of SUH, a sudden increase in total sugar
content was observed around the 84" days after blooming (DAB), as these two indicators are in a
directly proportional correlation. The increase in SUH and total sugar content is due to the
hydrolysis of starch contained in unripe apples. Some researchers have shown that starch
accumulation occurs between the 35" and 85" DAB, peaking around the 85th day (Bart et al.,
2008; Zheng et al., 2012; Muresan et al., 2015).

Aciditatea in toate soiuirile de mere studiate a scazut pe parcursul cresterii fructelor. Astfel
au fost inregistrate valori cuprinse Intre 1,97 % si 1,35 % pentru soiul Coredana, intre 2,22 % si
1,72 % pentru soiul Golden Rezistent, intre 2,63 % si 2,00 % pentru soiul Reglindis si intre 2,79
% si 2,09 % pentru soiul Rewena. Merele soi Rewena au avut un continut de aciditate cel mai
mare, urmat de soiul Reglindis, apoi Golden Rezistent si Coredana. Concentratiile cele mai mari
au fost inregistrate la fructele recoltate in a 45-a zi dupa inflorirea deplina, scazand usor spre ziua
a 97-a, similar la toate soiurile studiate. Scaderea usoard a continutului de aciditate pe parcursul
coacerii s-ar putea datora degradarii acidului citric, transformarii acizilor in timpul respiratiei,
conversiei acestora n zaharuri si utilizarea ulterioara in procesul metabolic din fruct (Roshan et
al., 2012; Bizjac et al., 2013). At the same time, the processes involved in the metabolism and
accumulation of malic and citric acids in mesocarp cells are under both genetic and environmental
control (Etienne et al., 2013). Malic acid concentrations represent about 90% of the total content
of organic acids (Bandic et al., 2019). Many agronomic studies have shown the impact of
cultivation practices, including irrigation, mineral fertilization, temperature, thinning, on apple
components (Wu et al., 2002; Burdon et al., 2007; Thakur et al., 2012).

The active acidity (pH) of the fruit depends mainly on the organic acid contained in it. The
pH values of the apple pulp do not change essentially, however, a small increase of this indicator
was recorded during the growth and development of the fruit. The values showed from 3.05 to
3.19 in the case of the Coredana variety, from 2.95 to 3.06 for the Golden Rezistent variety, from
3.05 to 3.20 for Reglindis and from 2.50 to 3.13 for Rewena. Zheng et al reported similar results
in their studies for the Fuji variety (Zheng et al. 2012).

Based on the results obtained (tab. 3.1) and those presented above, it can be concluded that
apple fruits harvested 71" DAB of all 4 studied varieties are the most suitable for processing in
order to obtain natural acidifiers.

The SUH/TA ratio represents an industrial processing indicator. In this paper, the
modification of this index was studied for all 4 varieties of apples and presented in Figure 3.2.

According to the obtained calculations (fig. 3.2), the SUH/AT ratio between days 45" and
97" DAB of the studied apples presented the following values: Coredana — 3.32-9.15; Golden

10



10,00 Rezistent — 3,00-6,65; Reglindis —

9,00 — Coredana 251-503; Rewena — 2,33-5,79.
== (50lden Rezistent
8,00 Reglindis From the 45" day after full

% 7,00 ——Rewena flowering to the 71 day, a slow
< 6.00 increase of this index was
% 5,00 recorded, approx. by 1.30 units on
? 4,00 average, after which a sudden
3,00 increase follows, on average by
2.00 3.36 units. The increase in values

45 58 1 84 97 is due to the increase in
days after blooming (DAB)

Fig. 3.2. Dynamics of the SUH/TA ratio during apple
fruit development in the varieties Coredana, Golden ~ decrease in the amount of acidity

Rezistent, Reglindis and Rewena during fruit development. Similar

carbohydrate content and the

results were presented by Golubi (2019) in his study on unripe grapes, where it was recommended
to direct the berries to the production of the acidifier until the glucoacidometric index did not
exceed the limit of 10 units. Albert et al. (2016) demonstrated in his work that unripe apple fruits

presented a ratio lower than 20, which is suitable for industrial processing.

3.2 Dependence of the juice yield value on the treatment of unripe apples

Unripe apples contain protopectin, which is insoluble, and a large amount of starch (Zheng
et al., 2012; Muresan et al., 2019), the fact that leads to a relatively low extraction yield. In the
present study, the action of temperature and enzymes on the crushed mass of the studied fruits
before the pressing process were studied in order to increase the juice yield. Thus, 10 kg of unripe
apples of each studied variety were harvested and shredded by crushing. The obtained volume of
crushed mass was divided into three parts. The first part was passed directly to the press. The
second part was heat treated at 50 °C for 30 min, then pressed. The third part of the crushed mass
was treated with pectolytic preparation Pectinex® Ultra AFP (0.3 mL/kg) and amylolytic
preparation Amylase® AG 300 L (0.3 mL/kg). The enzymatically treated mass was incubated at
50 °C for 30 min. The pressing operation was carried out at the screw press, and the results are
presented in Table 3.2.

From the resulting dates (tab. 3.2) it shows that the thermal treatment of the crushed mass
favored the increase of the juice yield after pressing in the medium by 7-10 %, which is due to the
partial solubilization of the pectic substances, favoring the partial plasmolysis of the fruit cells and

even breaking the walls cellular. However, after the simultaneous enzymatic and thermal
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treatment, the yield of the juice increased in the medium by about 24 %. This is due to the

degradation of pectic substances and starch under the action of enzymes. The juice obtained after

treatment with pectic enzymes is clear, due to the low degree of viscosity (Srivastava et al., 2013).

Table 3.2. Yield of the juices from unripe apples with/without pretreatment

Yield after pressing, % of raw material mass:
Variety | DAB” without thermal treatment enzymatic + thermal
pretreatment 50°C/30min treatment 50°C/30min
< 45 27,14+0,21 29,09+0,83 35,73+0,50
S 58 30,62+0,60 32,70+0,32 39,84+0,26
S 71 39,85+0,13 42,80+0,40 47,92+0,34
S 84 46,19+0,45 52,24+0,28 59,7040,23
97 55,35+0,34 61,72+0,49 65,56+0,35
- 45 30,94+0,31 33,22+0,60 39,50+0,41
S G 58 36,40+0,41 38,84+0,72 45,22+0,63
22 71 40,73+0,23 46,37+0,23 52,17+0,52
O] &—‘ 84 49,52+0,46 54,89+0,30 59,65+0,74
97 55,86+0,42 60,35+0,51 64,91+0,53
" 45 27,67+0,51 31,20+0,23 33,57+0,41
'-g 58 33,124+0,31 37,56+0,22 41,50+0,35
= 71 36,24+0,20 42.33+0,43 47,29+0,21
& 84 46,62+0,61 51,9240,51 54,38+0,20
97 56,41+0,54 60, 30+0,32 63,46+0,70
45 26,13+0,70 29,87+0,44 33,28+0,25
3 58 31,83+0,42 35,13+0,32 39,8440,53
S 71 38,72+0,35 43514021 47,82+0,41
& 84 42,99+0,52 47,74+0,73 53,50+0,54
97 54,34+0,41 61,70+0,50 65,18+0,35

Note: * DAB — days after blooming

3.3 Influence of parameters determined in unripe apples on juice yield

Applying the least squares method, mathematical modeling was performed regarding the

influence of the factors determined in the system (titratable acidity AT, water-soluble dry

substances SUH, total sugar Z: and pH) on the value of juice yield from unripe apples after

pressing (n). The regressions (3.1 - 3.3) were presented, characterizing the influence of the factors

on the

mixture of the varieties studied, for different methods of treatment of the crushed mass

(without pretreatment FPT, thermal treatment TT, enzymatic and thermal treatment TETT).

neEePT) =-8,7AT —3,0SUH + 6,8Z¢ + 13,9pH : R?=0,999, (3.1)
narn =-3,6AT —3,2SUH +8,0Zt+ 9,9pH : R?=10,999, (3.2)
naern = 7,6AT —1,0SUH + 6,9Z: + 1,1pH  : R?=0,999, (3.3
It was hypothesized that due to these regressions, valid applicability and predictive ability

for multiple apple varieties would occur.
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4 Elaboration of the manufacturing technology of the apples acidifier, its implementation in
obtaining preserved fruits and vegetables and studying the quality of the elaborated products

In the given chapter, the technology for obtaining the apple acidifier is described; its quality
indicators are evaluated with the determination of antioxidant activity and shelf life; the
technologies for obtaining canned fruit and vegetable products with the application of apple
acidifier are described; the quality indicators of processed foods are analyzed; the feasibility study
of the acidifier and the products developed with its application is presented.

4.1 Technology of obtaining the apples acidifier
The production technology of apples acidifiers constituted the stages shown in figure 4.1.
Reception of unripe apples
(SUH = 6,50-12,35Brix, AT =13,5-27,9g/L)
v
Fruit storage (tmax=8h)
v
Sorting-inspecting, washing
v
Crushing apples
v
Heating the crushed mass (t=50°C, t=10min)
v
Enzymatic treatment of crushed mass t=30 min
Enzyme » Dose of enzymes: pectolytic 0,3 mL/kg
amylolytic 0,1 mL/kg
v
Pressing the treated mass (n=33-65%)
v
Coarse filtering (site: @ 2,0; 0,4)
v
Clarification =30 min
[5mL Klar-Sol Super + 1mL Erbigel]/10L
v
Filtration of clarified product
v
Pasteurization (t=60°C, t=20 min)
v
Jars, lids Packaging and sealing of the acidifier
v
Label > Labeling
v

Storage of the finished product
(t=18-20°C, Winax=75%, 1=24 luni)

y

Mark

y

Sediment

Enzyme >

y

Sediment

Fig. 4.1. Scheme of the technological flow for obtaining apple acidifier
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The technological flow of production of the acidifier had some specific peculiarities, which
presented the scientific novelty compared to the manufacturing technology of apple juice, being
the closest analog product:

v Following the study of unripe apples of 4 varieties established between days 45" and 97" DAB,
the parameters of the raw material for obtaining the acidifier were established: the SUH content
had values of 6.50 — 12.35 Brix and TA of 13.50 — 27 .90 g/L, expressed in malic acid.

v The technological process included the stage of treatment with enzymes (pectolytic and
amylolytic) of the crushed mass from unripe apples before pressing with thermal treatment (50 °C,
30 min). The purpose of this stage was to increase the juice yield, at the same time, acting
positively on the extraction of total polyphenolic substances.

v’ Based on the experimental data, the optimized pasteurization regime of the acidifier at 60° C
for 20 min was implemented. Due to the moderate content of carbohydrates, high organic acids
and acidic environment (pH=2.9-3.2), this thermal treatment ensures a sufficient conservation
effect (Golubi, 2019).

4.2 Evaluation of the quality indicators of acidifiers in the studied apples

Following research, the content of organic acids, simple carbohydrates, total polyphenols,
antioxidant activity, organoleptic evaluation and microbiological stability were determined in
apple acidifiers. The shelf life of these products has also been established.

4.2.1 Analysis of physicochemical indicators

4.2.1.1 Content of organic acids

The content of six organic acids was determined in the analyzed apple acidifiers (tab. 4.1).
The results show that the amount of detected acids tends to decrease continuously, starting with
the samples obtained from the fruits harvested from the 45" to the 97" day, the only exception
being tartaric acid, which increases insignificantly during the given harvest times.

Table 4.1. Concentration of organic acids determined in acidifiers from unripe apples by
varieties Coredana, Golden Rezistent, Reglindis and Rewena

«» | Acidifiers DAB (days after blooming) **

S| from apple 45 | 58 | 71 [ 84 | 97

< varieties Concentration of organic acids (g/L)

1 2 3 4 5 6 7
Coredana 25,35+0,01 22,54+0,02 20,68+0,01 18,08+0,01 17,97+0,02

-c_L—; G. Rezistent* 35,79+0,01 33,3740,01 32,9540,01 19,554+0,01 17,22+0,05

S | Reglindis 38,08+0,02 36,74+0,03 36,51+0,01 26,434+0,01 20,50+0,03
Rewena 33,1740,01 32,25+0,04 30,31+0,01 17,61£0,02 16,90+0,01
Coredana 0,23+0,02 0,19+0,01 0,15+0,01 0,17+0,01 0,20+0,01

2 | G. Rezistent* 0,34+0,01 0,29+0,01 0,22+0,03 0,16+0,02 0,15+0,06

'5 Reglindis 0,35+0,01 0,32+0,04 0,25+0,02 0,24+0,07 0,24+0,01
Rewena 0,44+0,01 0,42+0,01 0,39+0,01 0,36+0,06 0,36+0,02
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Continued table 4.1.

1 2 3 4 5 6 7
o | Coredana 0,10+0,01 0,06+0,01 0,05+0,07 0,05+0,03 0,03+0,01
g G. Rezistent* 0,09+0,02 0,08+0,01 0,04+0,09 0,1140,01 0,07+0,01
S | Reglindis 0,19+0,01 0,1540,01 0,09+0,06 0,04+0,02 0,05+0,03
9 | Rewena 0,08+0,01 0,08+0,02 0,06+0,04 0,07+0,02 0,04+0,07
o Coredana 0,21+0,01 0,22+0,01 0,21+0,01 0,15+0,03 0,14+0,05
= G. Rezistent* 0,10+0,01 0,11+0,02 0,11+0,01 0,10+0,07 0,09+0,01
<‘f Reglindis 0,20+0,02 0,18+0,01 0,19+0,02 0,101+0,01 0,1140,01
Rewena 0,20+0,02 0,21+0,01 0,20+0,01 0,16+0,02 0,12+0,02
o Coredana 0,24+0,01 0,22+0,01 0,21+0,01 0,10+0,03 0,10+0,02
B G. Rezistent* 0,20+0,01 0,18+0,01 0,16+0,02 0,1340,04 0,1240,01
% | Reglindis 0,22+0,01 0,2240,03 0,20+0,01 0,19+0,02 0,17+0,03
Rewena 0,21+0,01 0,21+0,02 0,20+0,02 0,18+0,02 0,16+0,01
o | Coredana 0,20+0,01 0,21+0,01 0,22+0,01 0,22+0,01 0,24+0,01
S | G. Rezistent* 0,25+0,02 0,2540,03 0,25+0,01 0,26+0,02 0,27+0,02
E Reglindis 0,27+0,02 0,27+0,04 0,28+0,01 0,29+0,01 0,30+0,01
Rewena 0,19+0,01 0,18+0,01 0,19+0,01 0,21+0,04 0,21+0,02

Note: *- variety Golden Rezistent; **- samples of acidifiers corresponding to the harvesting days of unripe apples of the varieties studied

Of the total organic acids detected (tab 4.1), malic acid predominated, representing values
from 94.99 % to 97.61 %, similar to the statements of other researchers (Zhang et al., 2010; Etienne
et al., 2013; Ma et al., 2018). The content of malic acid in apple acidifiers was reduced in those
obtained from the Coredana variety from 25.34 g/L, harvested on the 45" DAB, to 17.97 g/L,
towards the 97" DAB. Analogously, it also decreased in samples from the Golden Rezistent
varieties (from 33.79 g/L to 17.22 g/L) and Reglindis (from 38.03 g/L to 20.50 g/L), followed by
Rewena (from 33.17 g/L to 16.90 g/L). Most of the malic acid in apples is in the vacuole of the
parenchyma cells, and its concentration reaches its maximum up to 6 weeks (about 45 days) after
flowering, followed by a continuous decrease until ripening (Zhang et al., 2010).

Citric acid had values between 0.65 % and 2.02 %. It had a concentration thousands of
times lower than that of malic acid, and was also reduced in all four samples of acidifiers from the
studied apple varieties and harvest times: Coredana from 0.230 g/L to 0.198 g/L, Golden Rezistent
from 0.335 g/L to 0.150 g/L, Reglindis from 0.353 g/L to 0.237 g/L and Rewena from 0.438 g/L
to 0.360 g/L, respectively (tab. 4.1). Citric acid was predominantly detected in wild apple species
(Ma et al., 2018).

Succinic acid represented the lowest content value, varying between 0.13% and 0.56%. Its
concentration in the studied samples had the following values: in those obtained from the Coredana
variety — 0.370 g/L - 0.130 g/L; Golden Rezistent — 0.235 g/L - 0.410 g/L; Reglindis — 0.493 g/L
- 0.227 g/L and Rewena — 0.240 g/L - 0.260 g/L, respectively (tab. 4.1). Some researchers have
demonstrated that in unripe apples the concentrations of malate and other organic acids from the

Krebs cycle (for ex.: succinic and citric acids) are significant (Zhang et al., 2010; Xu et al., 2020).
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Acetic and lactic acids are produced by the corresponding bacteria, found on the fruit
surface in small quantities, or abundance in the case of spoiled fruit (Worobo et al., 2005). Their
quantity in the studied acidifiers was minimal, with values of 0.27 % - 0.95 % (acetic acid) and
0.49 % - 0.98 % (lactic acid), indicating that they harvested healthy and undamaged fruit to obtain
the acidifiers. The concentrations of the acids given in the acidifiers of analyzed apple varieties
are the following values: 0.212 g/L - 0.136 g/L and 0.235 g/L - 0.100 g/L for Coredana; 0.101 g/L
-0.091 g/L and 0.196 g/L - 0.123 g/L for Golden Rezistent; 0.197 g/L - 0.107 g/L and 0.224 g/L -
0.165 g/L for Reglindis; 0.198 g/L - 0.123 g/L and 0.210 g/L - 0.158 g/L for Rewena, respectively.

Tartaric acid accumulates in apples at an advanced stage of maturity (Zhang et al., 2010;
Xu et al., 2020). In the present study, its amount was 0.60 % - 1.15 %, which represented 0.196
g/L - 0.235 g/L for the acidifiers obtained from Coredana apples; 0.241 g/L - 0.269 g/L for Golden
Resistent; 0.268 g/L - 0.299 g/L for Reglindis and 0.186 g/L - 0.209 g/L for Rewena, respectively
(tab. 4.1).

The impressive amounts of organic acids in apple acidifiers represent one of the promising
ways to supplement the need for natural sources of acidity in the food industry.

4.2.1.2 Content of simple carbohydrates

The concentration of each carbohydrate for each acidifier of a certain apple variety and
harvesting time is shown in Table 4.2.

Table 4.2. Concentration of simple carbohydrates determined in acidifiers from unripe
apples by varieties Coredana, Golden Rezistent, Reglindis and Rewena

< g Acidifiers DAB (days after blooming) **

2% | fromapple 45 | 58 | 71 84 | 97

S varieties Concentration of simple carbohydrates (g/L)
@ Coredana 26,54+0,11 34,82+0,02 41,15+0,07 64,64+0,12 73,42+0,11
g G. Rezistent* 32,79+0,09 37,23+0,13 45,55+0,10 64,4440,11 75,73+0,10
2 Reglindis 22,68+0,09 29,144+0,10 38,76+0,09 63,84+0,13 74,56+0,11
L Rewena 25,17+0,14 30,73+0,11 37,45+0,09 55,88+0,10 67,79+0,11
® Coredana 13,26+0,14 18,16+0,14 21,69+0,12 28,89+0,13 29,15+0,13
§ G. Rezistent* 15,38+0,12 18,73+0,11 23,51+0,13 26,29+0,15 26,26+0,01
= Reglindis 11,7440,11 15,5440,10 18,72+0,13 22,50+0,13 25,47+0,11
o Rewena 12,15+0,04 16,23+0,12 17,63+0,14 19,62+0,14 23,36+0,10
o | Coredana 0,19+0,03 0,21+0,03 0,24+0,02 0,05+0,03 0,14+0,01
§ G. Rezistent* 0,10+0,01 0,12+0,03 0,08+0,01 0,05+0,02 0,09+0,02
S Reglindis 0,12+0,04 0,13+0,01 0,18+0,03 0,08+0,02 0,11+0,04
v Rewena 0,11+0,02 0,13+0,02 0,18+0,03 0,03+0,01 0,13+0,02

Note: *- variety Golden Rezistent; **- samples of acidifiers corresponding to the harvesting days of unripe apples of the varieties studied

The amounts of fructose and glucose in the studied samples had a content of 26.54 g/L —
73.42 g/L and 13.26 g/L — 29.15 g/L for the acidifiers obtained from Coredana variety apples;
32.79 g/L — 75.73 g/L and 15.38 g/L — 26.23 g/L for Golden Resistent; 22.68 g/L — 74.56 g/L and
11.74 g/L — 25.47 g/L for Reglindis; 25.17 g/L — 67.79 g/L and 12.15 g/L — 23.36 g/L for Rewena,
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respectively (tab. 4.2). The fructose content was from 65.68 % to 74.36 % of the total
carbohydrates determined, and the glucose content was twice as low and showed 25.62 % - 34.68
%. Sucrose was detected in very small amounts, constituting 0.04 % - 0.48 % (tab. 4.2).

The amount of carbohydrates determined had continuously increasing values in all samples
of acidifiers starting from 45" DAB of fruit harvest until 97" day. The exception was the acidifiers
obtained from apples harvested on the 84" day in all 4 studied varieties which showed a sudden
increase in the amount of fructose and a sudden decrease in sucrose compared to the other samples,
followed by a slow increase. The sudden changes may be due to the hydrolysis of starch contained
in unripe apples and reaching a maximum amount around this period (Zheng et al., 2012; Muresan
et al., 2015) and the fact that more than half of the sucrose turns into fructose (Zhang et al., 2010;
Lietal., 2012).

The results (tab. 4.2) show that the acidifiers, obtained from apples at the early stage of
ripening, contain significant amounts of soluble carbohydrates.

4.2.1.3 Total polyphenol content

The total content of polyphenols was determined in the apple acidifiers of 4 studied
varieties, which showed a tendency to decrease phenolic substances in all acidifiers obtained from

2100,0 apples harvested during

m Coredana
m Golden Rezistent

Reglindis and varieties  (fig. 4.2).
15000 I = Rewona (fig. 4.2)
| I However, the concentrations
<1200,0

‘g, in all samples are quite

I N e
£ 9000 I significant. Acidifiers from
600,0 apples Coredana variety had
300,0 the  lowest level  of
00 polyphenols (568.7 - 1541.3

45 58 71 84 97

mg GAE/L), while the
highest values were detected

1800,0 ripening at the studied times

Total polyphenol content,

days after blooming (DAB)

Fig. 4.2. Total polyphenol content in acidifiers from
unripe apples by varieties Coredana, Golden Rezistent, in Rewena variety samples

Reglindis and Rewena (857.3 - 2042.8 mg GAE/L).
The acidifiers obtained from Golden Rezistent and Reglindis cultivars had similar amounts of
polyphenols: 769.7 - 1983.3 mg GAE/L and 822.1 - 1926.5 mg GAE/L, respectively. Some studies
have reported that the action of enzymes on unripe apples increases not only the yield juice, but
significantly improves the extraction of total phenolic content (approx. 3 times), antioxidant

activity (approx. 2 times), reducing sugars (approx. 1.5 times) (Zheng et al.,2009; 2014).
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4.2.1.4 Antioxidant activity

To evaluate the antioxidant potential of the acidifiers in the studied apples, the
determination of the antioxidant activity was carried out using the free radical DPPH. The results
obtained were related to ascorbic acid, which is included in the antioxidant category and provides
a 50 % inhibition of the DPPH radical (ICso) (Pérez-Lamela et al., 2021). The antioxidant activity
of the samples was expressed in pg equivalent of ascorbic acid (AA) per mL of product (fig. 4.3).
45,00 Analyzing the results in
40,00
35,00

m Coredana Figure 4.3, it was established

® Golden Rezistent  that the studied acidifiers are

30,00 Reglindis characterized by high values
25 00 m Rewena o o
' of antioxidant activity in the
20,00 I
samples produced from
o les of all 4 varieti
apples of a varieties
10,00 - PP
5 00 I I = harvested on days 45" and
0.00 I i. I 58" DAB, and in the samples
45 58 71 84 97

on days 71%, 84" and 97" the

values they were practically

Antioxidant activity, pg AA/mL

days after blooming (DAB)

Fig. 4.3. Antioxidant activity determined in acidifiers
from unripe apples by varieties Coredana, Golden in half compared to those of

So, the acidifiers from apples Coredana variety had antioxidant capacity between 28.46
and 3.27 pg AA/mL; Golden Rezistent — 32.63 and 5.46 ng AA/mL; Reglindis — 41.37 and 7.08
ng AA/mL; Rewena — 38.25 and 5.83 pg AA/mL. Given the fact that total phenolic substances
decrease slowly during apple development (fig 4.2), the sudden decrease in antioxidant activity
around the 71% day of harvest may be due to the decrease in the content of other categories of
antioxidant substances. The high levels of antioxidant capacity in the researched acidifiers are
explained by the high amount of biologically active compounds with an antioxidant character,
especially phenolic compounds. Thinned unripe apples are a good source of bioactive compounds,
which is clearly reflected in the high values of antioxidant properties (Wojdyto et al., 2020).

4.2.2 Microbiological indicators in apple acidifiers

The investigation of the microbiological indicators of the studied acidifiers was carried out
after 3 months of storage from their production, according to the requirements and rules of the
normative documentation regarding the microbiological criteria for food products (HG no. 221,
2009). The results obtained show that all studied acidifiers showed microbiological stability and

correspond to the requirements of the normative documentation in force. Thus, yeasts and molds
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were not detected in them, and the number of aerobic and facultatively anaerobic mesophilic
microorganisms was much lower than the norm (< 4.5x10%), which can be attributed to the high
acidity and low pH. Malic acid, as a food safety reagent, has been reported as the most potent acid
with antimicrobial activity evaluated on various pathogen strains (Eswaranandam et al., 2006).
4.2.3 Organoleptic evaluation of apple acidifiers
Apple acidifiers were analyzed

Aspectul . .
4,3p sensory by assessing 5 basic

criteria, namely: appearance,

color, taste, smell and aroma. The

Aroma Culoarea evaluation of each index was
Coredana appreciated from 0 to 5 points.
Golden Based on the scores recorded by
Rezistent the evaluators, a diagram of the
Rewena
Miros Gust Reglindis organoleptic characteristics of

acidifiers from unripe apples of
Fig. 4.4. Sensory profile diagram of acidifiers from be app

unripe apples by varieties Coredana, Golden the 4 studied varieties was drawn
Delicios, Reglindis, Rewena up (fig. 4.4). The samples

showed relatively clear juices with the sediment up to about 0.2 cm, straw-yellow to light-brown
in color. The taste was intensely acidic and pleasant, slightly sweet, without extraneous nuances
in taste and smell. The aroma was pleasant, typical of unripe apples, moderately expressed,
characteristic of apple varieties.

4.2.3 Shelf life of apple acidifier

To establish the shelf life of acidifiers, apple juice was presented as a reference, being the
closest analog food product, which has a maximum shelf life of 2 years, according to the Technical
Regulation "Juices and certain similar products intended for human consumption”, (HG RM no.
1111 of 06.12.2010).

In order to establish the storage period, the quality indicators (physicochemical,
microbiological and organoleptic) of the apple acidifiers were determined after 3 months from
production (the year 2019), which represented the beginning of storage, and after 36 months (the
year 2022), representing the end of "reserve" storage, according to the above. The most
representative samples were selected, which constituted the acidifiers obtained from all 4 studied
apple varieties (Coredana, Golden Rezistent, Reglindis and Rewena) harvested on days 71" and
84" DAB. Thus, samples of two dates of production of each name were presented. Their storage

took place in the warehouse at a temperature of 18-20 °C and a relative air humidity of 75 %.
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Results of the physicochemical and microbiological determinations of the studied acidifiers

at the beginning and end of "reserve" storage are presented in Tables 4.3 and 4.4, respectively.

Table 4.3. Results of the physicochemical indicators determinations of apple acidifiers
studied at the beginning and end storage of *'reserve™

Acidifiers 3 months (the year 2019) 36 months (the year 2022)
from apple DAB” AT, SUH, H AT, SUH, H
varieties % °Brix P % °Brix P
Coredana 71 1,60+0,05 | 8,71+0,01 | 3,09+0,03 | 1,45+0,03 | 10,21+0,07 | 3,24+0,01
84 1,54+0,03 | 10,81+0,07 | 3,06+0,08 | 1,39+0,07 | 12,60+0,03 | 3,19+0,09
Golden 71 1,82+0,14 | 9,20+£0,01 | 2,95+0,01 | 1,67+0,09 | 10,42+0,07 | 3,12+0,06
Rezistent 84 1,77+0,02 | 11,05+0,01 | 3,03+0,01 | 1,54+0,04 | 11,71+0,05 | 3,07+0,01
Reglindis 71 2,35+0,12 | 8,40+0,05 | 3,00+0,03 | 2,15+0,08 | 9,43+0,05 | 3,19+0,03
84 2,07+0,06 | 10,43+0,02 | 3,07+£0,02 | 2,00+0,05 | 11,91+0,05 | 3,15+0,04
Rewena 71 2,75+0,01 | 8,36+0,03 | 2,70+0,05 | 2,28+0,03 | 9,85+0,09 | 3,27+0,05
84 2,60+£0,01 | 10,51+0,07 | 2,77+0,21 | 2,14+0,06 | 12,22+0,01 | 3,12+0,01

Nota: DAB* — days after blooming; AT - titratable acidity, expressed in malic acid; SUH — water-soluble dry substances.

Results show that the acidifiers studied were characterized by a high acidity content (1.39
% - 2.28 %), even after 36 months of storage. The titratable acidity decreased in all samples at the
end of "reserve" storage, compared to the beginning: in the apple acidifiers Coredana variety by
9.56 %; Golden Rezistent by 10.62 %; Reglindis by 5.95 % and Rewena by 17.39 %. Whereas,
the content of water-soluble dry substances, on the contrary, increased: in apple acidifiers
Coredana variety by 16.96 %; Golden Resistent by 9.70 %; Reglindis and Rewena by 13.16 % and
13.17 % respectively. After 3 years of storage, the pH values increased in all samples in the
medium by 6.43 %. Quantitative physicochemical changes can occur due to the conversion
processes of organic acids and carbohydrates during storage. These data are similar to the study
conducted on the storage of clarified apple juice (Cai et al., 2020).

Table 4.4. Results of the microbiological indicators determinations of apple acidifiers
studied at the beginning and end storage of ""reserve"

Acidifiers 3 luni (anul 2019) 36 months (the year 2022)
from apple | DAB® | MMAFAN, | Yeasts, Molds, MMAFAn, | Drojdii, | Mucegaiuri,
varieties UFC/mL | UFC/mL UFC/mL UFC/mL | UFC/mL UFC/mL

Norm 15,0x10° | 22,0x10° | 25,0x10? 15,0x10° | 22,0x10° | 25,0x10?
Coredana 71 1,0 x 10! n/d n/d 3,2 x 10* n/d n/d
84 3,2 x 10* n/d n/d 4,2 x10% | 1,0x10? n/d
Golden 71 1,0 x 10! n/d n/d 3,2 x 10* n/d n/d
Rezistent 84 4,2 x 10* n/d n/d 4,2 x10% | 2,0x10? n/d
Reglindis 71 1,0 x 10t n/d n/d 3,0 x 10t n/d 2,0 10!
84 4,0 x 10t n/d n/d 4,5 x 10? n/d 2,0 x 107
Rewena 71 2,1 x 10! n/d n/d 4,0x10% | 2,0x10? n/d
84 4,0 x 10* n/d n/d 2,0x 10% | 1,0 x 10? n/d

Nota: MMAFAnR — number of aerobic and facultatively anaerobic mesophilic microorganisms; DAB* - days after blooming; n/d — undetected; UFC
— colony-forming units of microorganisms; - according SM SR EN 1SO 4833-1:2014; %3- according SM SR ISO 21527-2:2014.

The microbiological indicators of the researched samples fall within the admissible limits

presented and correspond to the normative, which can be attributed to the high acidity and low pH.
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According to the investigations carried out, the shelf life of acidifiers from unripe apples
of the Coredana, Golden Rezistent, Reglindis and Rewena varieties from the day of manufacture
in light and dark coreless glass packaging at a temperature of 18-20 0C and a maximum relative

humidity of 75 % can be set for 2 years.

4.3 Use of apple acidifier in fruit and vegetable preservation

In this subchapter, after 9 months of storage, the canned products from vegetables and fruits

with the application of apple acidifier, subst
developed and studied.

4.3.1 Canned Tomatoes

ituting the acids from the classic recipes, were

Red tomatoes were preserved by pickling using apple acidifier. The recipe for their

manufacture is presented in Table 4.7.

Table 4.7. Recipe for making pickled tomatoes using apple acidifier

No. | Raw materials and materials Manufacturing recipe for 100 kg finished product
1 Red tomatoes, kg 59,0
2 Black peppercorns, kg 0,03
3 Greens (dill, celery, parsley), kg 1,0
4 Onion chopped, kg 0,2
5 Garlik chopped, kg 0,25

Composition of the preservation solution
6 Water, L 23,5
7 Salt, kg 1,0
8 Sugar, kg 0,5
9 Apple acidifier**, L 4,0

Note: (Yastrebov, 1980; Crucirescu, 2022b); * packing ratio in container: vegetables — 50-55 %, preservation solution — 45-50 %; **acidifier from
unripe apple Rewena variety 71 DAB 2019 (AT=2,75 %; SUH=8,5 °Brix; pH=2,70).

For a deeper evaluation, the physicochemical (tab. 4.8), microbiological and sensory (fig.

4.5) indicators of pickled tomatoes were determined.

Tabelul 4.8. Physicochemical indicators of pickled tomatoes with apple acidifier

No. Characteristics Norm Rezults
1 Total soluble solids, %, not less 40 6,10+0,03
2 | Titratable acidity, % #0,5-0,7" 0,367+0,07
3 Content of chlorides, % 15-2,0 1,50+0,04
4 pH n/n 4,09+0,06
5 | Impurities, including mineral n/a n/d

#for weak pickles; " titratable acidity,

Nota: (Crucirescu 2022b); norm, according GOST 1633-73E (valid, according OMAIA153/2010);

recalculated to acetic acid; ™ titratable acidity, recalculated to malic acid; n/n — not normed; n/a — not admitted; n/d — not detected.

The obtained data show that the pickled tomatoes preserved with apple acidifier had a lower
titratable acidity value (0.36+0.07 %), than the norm for classic weak pickles (0.5 -0.7 %). The
amount of salt was 1.50+0.04 %, which is the lower limit, according to the norm, and the pH —
4.0940.06. The dry matter content was 6.1+0.03 %, which is higher than the norm, and is probably
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because the apple acidifier contains
Aspectul

%xterior significant amounts of carbohydrates

y (Crucirescu, 2021b). The results of the

_ ﬁg microbiological analysis show that the

Conséswm ﬁ Culoarea developed product met the industrial
fi g sterility requirements.

Sensory evaluation was
performed per 1SO 6658:2017 and Banu

Aroma Custul s t al., 2007. Pickled tomat
mirosul et al., . Pickled tomato preserves

Fig. 4.9. Sensory profile diagram of pickled presented whole ripe red tomatoes with
tomatoes using apple acidifier clear marinade. Pleasant taste and smell,
sweet-sour, weak salty, without extraneous nuances. It has a pleasant aroma with a slight shade of
green apple (fig 4.9).
4.3.2 Canned cucumbers
Preservation of cucumbers with the application of apple acidifier was tried and studied in
the thesis. The production recipe is presented in Table 4.9.

Table 4.9. Recipe for making canned cucumbers using apple acidifier

No. | Raw materials and materials Manufacturing recipe for 100 kg finished product
1 Cucumbers, kg 57,0
2 Black peppercorns, kg 0,04
3 Greens (dill, celery, parsley), kg 1,5
4 Garlik chopped, kg 0,25
Composition of the preservation solution
5 Water, L 29
6 Salt, kg 1,2
7 Apple acidifier**, L 4,0

Note: (Yastrebov, 1980; Crucirescu, 2023b); * packing ratio in container: vegetables — 50-55 %, preservation solution — 45-50 %; **acidifier from
unripe apple Rewena variety 71 DAB 2019 (AT=2,75 %; SUH=8,3 °Brix; pH=2,70).

The analysis of the physicochemical indicators (tab. 4.10) was carried out according to
Banu et al. (2007) and the normative documentation in force GOST 20144-74E (valid, according
to OMAIA153/2010).

Table 4.10. Physicochemical indicators of canned cucumbers with apple acidifier

No. Characteristics Norm Rezults
1 Total soluble solids, %, not less 4,0 5,60+0,05
2 | Titratable acidity, % #0,5-0,6" 0,247+0,04
3 Content of chlorides, % 25-30 2,40+0,07
4 pH n/n 4,11+0,02
5 | Impurities, including mineral n/a n/d

Note: (Banu et al., 2007; Crucirescu, 2023b); norm, according GOST 20144-74E (valid, according OMAIA153/2010); #for weak cans; " titratable
acidity, recalculated to acetic acid; ™ titratable acidity, recalculated to malic acid; n/n — not normed; n/a — not admitted; n/d — not detected.
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Physicochemical indicators in canned cucumbers reported very good results, with acidity

of 0.24+0.04 %, and the amount of salt 2.40+0.07 %, which are values lower than the norm in the

Aspectul normative documentation according to
exterior . .
classic recipes. The content of dry substances
573 was higher than the norm and showed
: 6 0
Conts;sten 2 Culoarea  >-00+0.05 %, and the pH value was
i % 4.11+0.02. The microbiological results

Gustul si
mirosul

Fig. 4.10. Sensory profile diagram of
canned cucumbers using apple acidifier

Aroma

demonstrated that the product corresponded
to industrial sterility.

Sensory evaluation was performed
according to 1SO 6658:2017 and Banu et al.

(2007). The cans presented whole cucumbers

about 60 mm long, olive-green in color, and the coating liquid was clear. Pleasant sour taste and

smell, without extraneous nuances, with a slight aroma of green apple. The cucumbers were

crunchy with a hard core, well soaked with brine (fig 4.10).

4.3.3 Vegetable stew of type ,,Zacusca’

Samples of vegetable stew of type "Zacusca" with small changes in the traditional recipe

were obtained. For the production of stew (recipe tab. 4.11) and the evaluation of quality indicators

(tab. 4.12; fig. 4.11), as a reference were the similar stew products from the normative
documentation in force GOST 2654-98 (valid, according to OMAIA 153/ 2010).

Tabelul 4.11. Recipe for making vegetable stew of type ,,Zacusca” using apple acidifier

No. | Raw materials and materials Manufacturing recipe for 100 kg finished product
1 Eggplants, kg 64,0
2 Bell peppers red, kg 40,0
3 Tomatoes red, kg 11,8
4 Salt, kg 1,0
5 Apple acidifier *, L 3,0

Note: (Crucirescu, 2023a); * acidifier from unripe apples variety Golden Rezistent 71 DAB 2019 (AT=2,05 %; SUH=8,3 °Brix; pH=2,95)

Tabelul 4.12. Physicochemical indicators of vegetable stew of type ,,Zacusca” with apple

acidifier
No. Characteristics Norma Rezultate
1 | Total soluble solids, % 18,0-27,0 27,0+0,05
2 | Titratable acidity, recalculated to malic acid, % n/n 0,42+0,04
3 | Content of chlorides, % 1,2-1,6 0,94+0,07
4 | pH n/n 4,81+0,02
5 | Impurities, including mineral n/a n/d

Note: (Crucirescu, 2023a); n/n — not normed; n/a — not admitted; n/d — not detected.
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The results obtained (tab. 4.12) show that this type of vegetable stew is very beneficial for

consumption by the population. The total acid content, salt content and pH are quite acceptable,

Aspectul being 0.42+0.04 %, 0.94+0.07 % and
%xterior

4.81%0.02, respectively. These values are
lower compared to other similar products,

according to the normative documentation.

Consistenta Culoarea

The amount of dry substances in the

samples of analyzed cans represents

27.0+£0.05 %. Microbiological indicators

Aroma n’llliiz)ilji determined show that the developed product
Fig. 4.11. Sensory profile diagram of vegetable ~ Met the requirements of industrial sterility.
stew of type ,,Zacusca” using apple acidifier The appearance of the vegetable

stew "Zacusca" was an eggplant paste with inclusions of eggplant pieces, donuts and tomatoes cut
almost homogeneously in size without the skin, with soft eggplant seeds evenly distributed
throughout the mass and with the characteristic color of canned vegetables. The taste and smell
are very pleasant and well expressed, with a grilling of smoke, without bitter taste and extraneous
nuances. The tasting committee was pleasantly surprised by all the indications of the stew,
especially the aroma and taste of grilling smoke (fig. 4.11).

4.3.4 Canned hot peppers

Hot peppers are prized for capsaicin, an alkaloid that imparts the pepper's hot, burning taste
with anti-inflammatory effects. When preserving hot peppers, in this work, no specific recipe
according to normative documentation was used. For preservation, the coating liquid was prepared
similarly to that used in the production of canned cucumbers with the use of verjuice (Dupas de
Matos 2019). After 9 months of storage in canned hot peppers, the physicochemical (tab. 4.13),
microbiological and organoleptic indicators (fig. 4.12) were determined.

Table 4.13. Physicochemical indicators of canned hot peppers with apple acidifier *

No. Characteristics Rezultate
1 Total soluble solids, % 9,70+0,01
2 Titratable acidity, recalculated to malic acid, % 0,80+0,03
3 _|pH 3,30+0,02
4 | Impurities, including mineral n/d

Note: total content of hot peppers in relation to the net mass — 70 %; * acidier from unripe apple Reglindis variety 71 DAB 2019 (AT=2,35 %;
SUH=8,4 °Brix; pH=3,00); n/d - not detected.

The results show that the developed product is characterized by a low acidity content, constituting
0.80+0.03%, and a high content of dry substances with 9.70+0.01%, the pH value was 3.30+0.02.
The microbiological results indicate that the product corresponded to industrial sterility.
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ASpectul According to the sensory analysis, the
exterior

elaborated food product presents whole
hot peppers in the preservation solution,

Consistenta Culoarea of the same variety, color (dark green)

NW - UIOY~I00W U1

and ripeness, close in size. The
preservation solution was a clear liquid
with a sediment of about 0.2 cm. Taste

Gustul si

Aroma mirosul and smell - without extraneous nuances,

Fig. 4.12. Sensory profile diagram of canned pleasantly spicy, sour, with a slight hint

hot peppers using apple acidifier of sweetness, harmonious. Hot peppers

had a hard, crunchy consistency and were rated with good marks by tasting committee (fig. 4.12).
4.3.5 Sour Cherry Jam and Canned Strawberry

In the framework of the thesis, two ungelled fruit products were developed and studied:

cherry jam and preserved strawberries (in their juice), substituting the citric acid in the

manufacturing recipe with the apple acidifier. The production recipes are presented in Table 4.14.

Table 4.14. Recipe for making cherry jam and canned strawberries using apple acidifier

No Raw materials and materials Manufacturing recipe for 100 kg finished product
' Sour Cherry Jam Canned Strawberry
1 Fructe (visine, capsune) kg 65,0 68,0
2 Zahar, kg 63,0 34,0
3 Acidifiant din mere*, L 20,0 11,0

Note: (Banu, 2009; Biisan, 2018); *acidifier from unripe apples Rewena variety 71 DAB 2019 (AT=2,75 %; SUH=8,3 °Brix; pH=2,70).
The quality indicators in the developed products were evaluated according to the Technical

Regulation "Jams, jellies, purees and other similar products™ (HG no. 216, 2008) and presented in
Table 4.15. The food received high marks from the tasters (fig. 4.13).

Table 4.15. Physicochemical indicators of cherry jam and canned strawberries with
apple acidifier

o Rezults
No. Characteristics Sour Cherry Jam | Canned Strawberry
1 | Total soluble solids, % 55,0+0,00 72,0+0,00
2 Titratable acidity, recalculated to malic acid, % 0,80+0,02 0,90+0,02
3 |pH 3,90+0,04 3,40+0,05
4 | Impurities, including mineral n/d n/d

Note: according HG 216/2008 (appendix 3); n/d — not detected.
The physicochemical indicators of cherry sweetness showed the following values: the

content of dry substances was 72.0+0.00%; titratable acidity, expressed in malic acid, of
0.84+0.02%; and the pH — 3.30+0.05. The product of canned strawberries with the use of the
acidifier was characterized by a high amount of dry matter (55.0=0.00 %) and low titratable acidity
(0.9£0.02 %), and the pH was 3.90+0.04. The products corresponded to industrial sterility.

25



Aspectul Aspectul

exterior exterior
A 5 B 3
3
Consisten 2 Culoarea Consistent Culoarea
ta 1 a
0
Aroma ustul si Aroma Gustul si
mirosul mirosul

Fig. 4.13. Sensory profile diagram of sour cherry jam (A) and canned strawberry (B) using
apple acidifier
For a complex understanding of the developed products, their pictures are presented (fig. 4.14).

Vegetable stew of type
wZacusca”
\

Canned cucumbers Sour cherry jam Canned strawberry

Fig. 4.14. Food products developed in the thesis framework with the use of apple acidifier

4.4 Feasibility study of the apple acidifier manufacture and some elaborate canned
products

The total manufacturing costs were calculated and the selling prices of vegetables canned
with apple acidifier were determined compared to the prices of canned vegetables produced
according to classic recipes, according to the prices of August-September 2021 (tab. 4.15).
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Table 4.15. Total costs and estimated prices for the production of canned vegetables
according to classic recipes and those with the use of apple acidifier

Products expected for production

Economic indices Pickled tomatoes Canned cucumbers

RC RAmM RC RAmM
Direct cost, lei/ton 8 609,00 8 320,06 9 965,00 9874,72
Indirect cost, lei/ton 690,91 690,91 690,91 690,91
Total cost, lei/ton 9 299,91 9 010,97 10 655,91 10 565,63
Profitability, lei/ton 1 859,98 1 802,19 2 131,18 2 113,12
Price total, lei/ton 11 159,89 10 813,16 12 787,09 12 678,76

Note: RC — classic production recipe; RAm — production recipe using apple acidifier

The analysis of the results of Table 4.15 shows that the products preserved with the
application of apple acidifier have a lower total price, and the profitability is higher by 0.85 - 3.11

%, than that of the products preserved according to the classic recipe.

GENERAL CONCLUSIONS AND RECOMMENDATIONS

The problem addressed in the paper consists of the utilization of unripe apple fruits to
obtain the apple acidifier, as a source of natural acidity, and its use for the manufacture of preserved
products from fruits and vegetables to replace the synthetic acetic and citric acids from the classic
recipes of production.

The study carried out in the thesis framework allows the formulation of the following
conclusions:

1. Evaluation of the physicochemical indicators of apple fruits, the varieties Coredana,
Golden Rezistent, Reglindis and Rewena during growth and development (45, 58, 71, 84 and 97
days after blooming (DAB)) showed interest in obtaining natural acidifiers. Apples showed high
values of titratable acidity (1.35 - 2.79 %), moderate values of water-soluble dry substances (6.50
- 12.35 Brix) and total sugar (3.35 - 10.02 %); low pH values (2.95 - 3.20), the sugar/acidity
indicator varying between 2.33 and 9.15 units. Efficient and rational use of these fruits could turn
this horticultural waste into a valuable product (Crucirescu, 2019; 2021b; 2022d; subchapters
2.1.1; 3.1).

2. Enzymatic treatment (preparations with pectolytic and amylolytic action) and
simultaneous thermal treatment of the shredded mass from unripe apples favored the increase of
juice yield after pressing by up to 24% compared to untreated samples. The process was optimized
by applying mathematical modeling, with the aim of forecasting and using the process for several
varieties of apples. The values of titratable acidity, water-soluble dry substances, total sugar and
pH served as parameters for optimization, and the value of juice yield from unripe apples after
pressing served as an optimization criterion (Golubi et al., 2019; subchapters 3.2; 3.3).
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3. The low pH values and high titratable acidity made it possible to apply an optimized
pasteurization regime of the juice from unripe apples, used in the acidifier production process, at
a temperature of 60 °C for 20 minutes. These conditions ensure the preservation of the high
nutritional value of the product and the reduction of energy consumption, an important factor for
industrial application. The optimized technology for obtaining apple acidifiers was developed with
the production of experimental samples. The technological process was patented and presented at
national and international conferences and exhibitions of inventions (Golubi et al., 2018;
Crucirescu, 2021a; Golubi et al., 2019; subchapters 3.4; 4.1).

4. Apple acidifiers (4 varieties) contain important amounts of organic acids, the
predominant one being malic acid with values between 16.90 g/L and 38.07 g/L, which constitutes
94.99 % - 97.61 %. The fructose content constituted 65.68 % -74.36 % of the total carbohydrates,
and the glucose content — 25.62 % - 34.68 %; sucrose was detected in very small amounts.
Acidifiers have a high content of total phenolic substances (568.7 - 2042.8 mg GAE/L). The
antioxidant activity was 28.46 - 41.37 ug AA/mL (acidifiers obtained from fruits harvested on 45™
DAB) and 3.27 - 7.08 pg AA/mL (on 97" DAB). The results show that unripe apples can be used
to obtain natural acidifiers, rich in nutrients (Crucirescu, 2022a; subchapter 4.2).

5. The recommended shelf life of apple acidifiers from of the Coredana, Golden
Rezistent, Reglindis and Rewena varieties, established following the determination of quality
indicators and microbiological stability at the beginning and end of "reserve" storage, from the day
of manufacture in glass packaging with or without core of light and dark color at the temperature
of 18 - 20 °C and relative air humidity maximum 75% can be established 2 years (Golubi et al.,
2019; subchapters 4.2.2; 4.2.3).

6. Technologies for the production of canned vegetables and fruits were developed,
substituting the acetic and citric acids from the classic production recipes with the apple acidifier.
At the same time, the amounts of salt and sugar added in the technological process were reduced.
The quality indicators and the microbiological stability of the developed products confirmed the
positive influence and benefits of using natural acidifiers in the manufacture of food products
(Crucirescu, 2022b; 2023a; 2023b; subchapter 4.3).

7. The production of the apple acidifier and its implementation in manufacturing
technologies of vegetable and fruit preserves ensures a lower price and a higher economic profit
by 0.85% - 3.11%, compared to preserves obtained according to classic production recipes (Golubi
et al., 2019; subchapter 4.4).
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PRACTICAL RECOMMENDATIONS

Based on the research in the work, technologies were developed for the manufacture of
some food products with apple acidifier that are recommended for their implementation in the field
of preservation of the food industry:

1. The process of obtaining the apple acidifier, according to the invention patent (Golubi
etal., 2019) (fig. A 3.1).

2. The process for obtaining the grape and apple mix acidifier, according to the invention
patent (Golubi et al., 2021) (fig. A 3.2).

3. Food manufacturing technologies using apple acidifier, substituting acetic and citric
acids in the production recipe: canned vegetables (pickled tomatoes, canned
cucumbers, vegetable stew of type "Zacusca", canned hot peppers); canned fruit (sour
cherry jam, canned strawberries).

The following prospective research is also recommended:

1. Implementation of apple acidifiers in other areas of the food industry, such as soft drinks,
meat, bakery and confectionery; as an alternative to vinegar and lemon juice as a source
of acidity and flavoring for many dishes, salads and appetizers; as toppings in the
production of desserts; etc.

2. The study of pomace and filter sediment obtained from the processing of unripe apples
with the subsequent extraction of valuable substances (ex: polysaccharides, pectic
substances, phenolic compounds).

3. The circular approach to the process of obtaining the apple acidifier, provides for "zero
waste" (the concept of the Circular Economy).

4. The application of apple and grape mixt acidifiers, according to the invention patent
(Golubi et al., 2021), for the manufacture of food products to widen the assortment of

healthy foods.
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ADNOTARE
Crucirescu Diana: ,,Valorificarea fructelor de mere imature pentru obtinerea
acidifiantului natural”, teza de doctor in stiinte ingineresti, Chisinau, 2024.

Structura tezei: teza de doctor consta din introducere, 4 capitole, concluzii generale si
recomandari, bibliografia cu 318 titluri, 3 anexe, textul de baza contine 115 pagini, inclusiv 50
tabele, 44 figuri. Rezultatele obtinute sunt publicate Tn 16 lucrari stiintifice.

Cuvintele-cheie: mere imature, acizi organici, glucide, substante fenolice, acidifiantii din
mere, conserve de fructe si legume cu aplicarea acidifiantului din mere.

Scopul lucrarii: valorificarea merelor imature pentru obtinerea unei surse de aciditate
naturald (acidifiant din mere) si utilizarea acesteia in industria alimentara, in special la conservarea
fructelor si legumelor, substituind acizii din retetele clasice de producere.

Obiectivele cercetirii: identificarea soiurilor de mere pentru studiere, stabilirea perioadei
optime de recoltare si determinarea indicatorilor fizico-chimici 1n acestea; studierea si aplicarea
diferitor metode de extragere a sucului din merele imature; obtinerea mostrelor experimentale de
acidifianti cu evaluarea calitatii si a termenului de pastrare; aplicarea acidifiantilor la conservarea
fructelor si legumelor; efectuarea studiului de fezabilitate al fabricarii produselor elaborate.

Noutatea si originalitatea stiintifica: pentru prima datd in Republica Moldova au fost
stabiliti parametrii merelor imature pentru obtinerea acidifiantilor naturali; au fost incercate
metode de majorare a randamentului sucului; aplicat un regim lejer de pasteurizare in obtinerea
acidifiantului; a fost argumentat stiintific si demonstrat experimental posibilitatea substituirii
acizilor, din retetele clasice de conservare a fructelor si legumelor, cu acidifiantul din mere.

Problema stiintifica solutionata: valorificarea fructelor de mere imature cu stabilirea
celor mai importante proprietati fizico-chimice; identificarea conditiilor optimale si eficiente de
procesare tehnologicd si de utilizare a acestora; obtinerea unei surse de aciditate naturald cu
ulterioara aplicare in producerea alimentelor sandtoase; cresterea durabilitdtii prin utilizarea
eficientd a deseurilor agricole vegetale, utilizandu-le in calitate de materie prima.

Semnificatia teoretici: definitivarea metodelor de studiere a calitatii acidifiantilor din
mere; obtinerea rezultatelor stiintifice care denotd posibilitatea utilizarii acestora in industria
alimentara ca sursa de aciditate naturala; aplicarea metodelor de majorare a randamentului sucului
din merele imature si a unui regim mai lejer de pasteurizare in procesul de obtinere a acidifiantului.

Valoarea aplicativa: este elaborat fluxul tehnologic de prelucrare a merelor imature pentru
obtinerea acidifiantului natural si utilizarea acestuia la conservarea fructelor si legumelor.

Implementarea rezultatelor stiintifice: articole in reviste stiintifice, culegeri de lucrari ale

simpozioanelor si conferintelor internationale si nationale, brevete de inventii (nr. 1286, nr. 4757).
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AHHOTALUA
Kpyunpecky Anana: «cnoJib30Banue He3peabIX 100K /sl MOJTYy4YeHHs HATYPAJIBHOTO
NMOJAKMCIUTEJISI», AUCCEPTALMSA HA COMCKAHMeE YY. CTelleH! JI0K. TeX. HayK, Kumunés, 2024,

CTpykTypa amuccepTaluM: COCTOUT U3 BBEACHUA, 4 TJaB, BHIBOJOB U PEKOMEHAALINA,
CIIMCKa MUTHpYyeMO# Jmteparypbl U3 318 ccpuiok, 3 mpuioxkeHuid. Pabora msnokena na 115
cTpanunax, 44 pucynkos u 50 tabmuupl. Pe3ynbraTsl ony0irnkoBaHsl B 16 HayuHbIX paboTax.

KiroueBble ciioBa: He3pesble sI0JOKH, OpraHMYecKHE KHUCIOTHI, caxapa, (peHOJbHBIC
BEIIECTBA, 0JI0YHbIE MOJKUCIUTENN, KOHCEPBBI (PPYKTOBBIC U OBOIIHLIE.

Heab padoTsl: uccienoBaHe HE3PEIbIX sIOJIOK JIs MOTYYeHHs HATYypalbHOTO HCTOYHUKA
KUCIIOTHOCTH (SIOJIOUHBIH MOJIKUCIMTEINb) U €0 UCIOJIb30BaHKUE B MUILECBON IPOMBIILICHHOCTH, B
YaCTHOCTH TPU KOHCEPBUPOBAHUU (PPYKTOB M OBOIIEH, 3aMEHSSI KUCIIOTHI B PELIENTYPaXx.

3agaum umccieI0BaHMIi: BBISIBJICHHE COPTOB SIOJNOK Uil HM3YYCHHs C YCTAHOBICHHEM
ONTHMAJIbHBIX CPOKOB YyOOpPKH ¥ OINpEJCICHHEM B HUX (PHU3MKO-XHMMHYECKUX ITOKA3aTelei;
NPUMEHCHUE PA3IMYHBIX CIIOCOOOB M3BJICYCHHUS COKA U3 HE3PEINbIX SIOJIOK; MOJYYSHHE OIBITHBIX
00pa3loB MOJKHUCIUTENCH, C OLIEHKOH KavyecTBa M CPOKa TOJHOCTH, M HMX NPUMEHECHHE s
KOHCEPBUPOBaHUsT (PYKTOB K OBOLICH; IMPOBEICHUE TEXHHUKO-DKOHOMUYECKOTO OOOCHOBaHHS
MIPOU3BOCTBA pa3pabOTaHHOMN MPOTYKIUH.

Hay4ynasi HOBM3HA M OPUTHHAJBHOCTH: BIepBbie B PecrryOnmnke MosioBa ycTaHOBIICHBI
ONITUMAJIbHBIC TTapaMETPhI HE3PEJbIX SO0JIO0K /IS TIOTYYCHHUS! HATYPaJbHBIX TOAKUCIUTENEH; OB
YBEJIMYEH BBIXOJ COKa M3 HE3peNbIX s0JI0K 3a cueT MpUMEHEHUs (pepMeHTOB; OblIa HAY4HO
000CHOBaHa M 3KCIEPUMEHTAIBHO IPOJIEMOHCTPUPOBAHA BO3MOXKHOCTb 3aMEHBI KHUCJIOT B
pernenTtypax, Ipu KOHCEPBUPOBAHUHU (PPYKTOB M OBOIIEH, SOTOUHBIM TOIKUCIUTEIIEM.

Pemrennasi HayyHnasi mpo0Jema: HCIIOJIb30BaHHE HE3PENbIX SIOJOK C yCTaHOBICHHEM
BOXHEHIINX (PUIUKO-XUMUYECKUX CBOMCTB; BBIBICHHEM ONTUMAIBHBIX U 3(PPEKTUBHBIX
YCIOBUH TE€XHOJIOTUYECKOM 00pabOTKM M MX MPUMEHEHUs; MOBbIIIEHHE YCTOHUYMBOCTH 3a CYET
3P PEKTUBHOTO HCIIOJIL30BAHHS PACTUTEIFHBIX OTXO0/IOB, UCTIONB3Ys MX B KAUECTBE CHIPHSI.

Teopernueckasi 3HAYMMOCTb: COBEPIICHCTBOBAHHE METOJIOB HCCIICIOBAHUS KadyecTBa
S0JIOUHBIX  MOJKUCIUTENEeH; TOJy4eHHWe HAy4YHbIX  pe3yJbTaToB, JAEMOHCTPUPYIOIIUX
BO3MOXKHOCTh HX HCIOJb30BAaHUS B MUIIEBOM MPOMBIIIJIEHHOCTH; BHEIPEHUE MacCTepU3ALUH C
MOHMKEHHBIM TEPMUYECKAM dPPEKTOM B MPOIIECC MOTYUSHHSI TTOAKHCITUTEIS.

IIpakTHyeckasi 3HAYUMOCTB: Pa3pabOTaHa TEXHOJIOT. CXeMa IMepepabOTKH HE3PeNbIX
S0JIOK C LIENbIO MOyYSHHs HaTypallbHOTO OJKUCIIUTENS M UCIIOIB30BaHUS €0 B MPOJYKTaX.

BHeapenue Hay4YHBIX pe3yJIbTATOB: CTaThU B HAYUHBIX JKypHaJIax, COOPHUKH JTOKJIAZIOB

MEXIYHApOJHBIX U HAI[MOHAJIBHBIX CUMIIO3UYMOB U KOH(epeHuuid, nateHTsl (Ne 1286, Ne 4757).
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ANNOTATION
Crucirescu Diana: ,,Use of unripe apples to obtain the natural acidifier”, PhD thesis in
engineering sciences, Chisinau, 2024.

Thesis structure: thesis consists of an introduction, 4 chapters, general conclusions and
recommendations, bibliography from 318 titles, 3 annexes. The basic text includes 115 pages, 44
figures and 50 tables. The obtained results are publishe in 16 scientific works.

Key words: unripe apples, organic acids, carbohydrates, phenolic substances, apple
acidifiers, canned fruits and vegetables with apple acidifier.

The purpose of the work: use of unripe apples to obtain a source of natural acidity (apple
acidifier) and use of the in the food industry, especially in the preservation of fruits and vegetables,
substituting the acids in classic preservation recipes.

Research objectives: the identification of apple varieties for study; the establishment of
the optimal harvesting period, the determination of the physico-chemical indicators in them; study
and application of different methods of extracting juice from unripe apples; obtaining experimental
samples of acidifiers with evaluation of quality and shelf life; its application to the preservation of
fruits and vegetables; the feasibility study of the manufacture of the developed products.

Scientific novelty and originality: for the first time in the Republic of Moldova, the
optimal parameters of unripe apples for obtaining natural acidifiers were established; the yield of
juice from unripe apples was increased by applying enzymes; the possibility of substituting acetic
and citric acids from canned fruit and vegetable recipes with apple acidifier has been scientifically
argued and experimentally demonstrated.

The scientific problem solved: valorisation of the fruits of unripe apples with the
establishment of the most important physicochemical properties and the identification of the
optimal and efficient conditions of technological processing and their use; obtaining a source of
natural acidity with subsequent application in the production of healthy foods; increasing
sustainability through the efficient use of vegetable agricultural waste, using it as a raw material.

Theoretical significance: defining the methods for studying the quality of apple acidifiers;
obtaining scientific results demonstrating the possibility of their use in the food industry
(especially in the preservation of fruit and vegetables) as a source of natural acidity;
implementation a light pasteurization regime in the process of obtaining of the acidifier.

Applicative value: the technological flow for processing unripe apples has been developed
to obtain the natural acidifier and its use in the food industry.

Implementation of scientific results: articles in scientific journals, collections of papers

of international and national symposions and conferences, patents (no. 1286, no. 4757).
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