Ne 10 (148) UNIVERSUM: okms6pb, 2026 2.

XUMUAa U snonorua

Cmambs nocmynuna 6 pedakyuto: 24.09.2026
Cmambs npuHama k nybaukayuu: 29.09.2026
Cmambs onybaukosaHa: 07.10.2026

YJIK 634.25+614.31

DOI: 10.32743/UniChem.2026.148.10.23463

Assessment of food safety of peach (Prunus persica (L.) Batsch) cultivars by fruit
pH and nitrate content

Ergashev Tohirbek Furqat ugli

Researcher

Academician M. Mirzaev Research Institute of Horticulture
Viticulture and Winemaking

Uzbekistan, Tashkent

E-mail: ergashevtoxirbek195@gmail.com

OueHKa MUIeBor 0e30MacHOCTH copToB nepcuka (Prunus persica (L.) Batsch)
no Be;imunHe pH U copep)kaHUI0 HUTPATOB B IUI0AAX

Jpzawee Toxupbek Dypkam yz1u

HAyuHbIll COMPYOHUK

HayuHo-uccnedosamenbcKuli UHCMumym cadogoocmed, 8UH02padapcmed U 8UHoOeAUsl UMeHU
akademuka M. Mup3aeea

Pecnybauka Y36ekucmat, 2. TawukeHm

Abstract

The aim of this study was to determine the active acidity (pH) and nitrate content of peach
fruits of cultivars grown in the Fergana region and to assess their food safety. The experiment was
carried out in 2022-2024 in the Uzbekistan district on nine cultivars (control — Elberta) in four
replications, giving 108 observations. Fruit pH was measured potentiometrically and nitrate content
ionometrically; the data were processed by two-way analysis of variance (cultivar x year). Flesh pH
ranged from 3.69 (Lola) to 4.17 (Caldesi 2000), averaging 3.96 (LSDO05 = 0.08), and nitrate content
ranged from 37.8 (Elberta, Lola) to 40.7 mg/kg (Caldesi 2000), averaging 39.1 mg/kg (LSDO05 = 1.3
mg/kg). The effect of cultivar was significant for both traits (F = 29.9 for pH and F = 5.68 for
nitrate at FO5 = 2.06), whereas the effects of year and of the cultivar x year interaction were not
significant, so the cultivar differences were stable over the three years. In all cultivars the nitrate
content was below the maximum permissible level (MPL = 60 mg/kg), amounting to 62.9-67.8 %
of it. A very weak positive correlation was found between pH and nitrate content (r = 0.208; n =
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108; p = 0.031). Risk assessment showed that a daily intake of 0.2 kg of fruit provides 3.4-3.7 % of
the acceptable daily intake (ADI = 3.7 mg/kg body weight), with HQ < 1. Since pH was below 4.5
in all samples, pasteurization regimes may be used for processing.

AHHOTanus

Llenbto MccneoBaHUs SIBSITIOCH OTpefiesieHUe aKTMBHOM KucaoTHOCTU (pH) u copeprkaHus
HUTPATOB B TUIO[JaX COPTOB TEePCHKa, BhIPAII[UBAEMBIX B YCI0BUsAX DepraHckoi 06/1acTH, U OLleHKa
Ha 3TOM OCHOBe TMILEeBOW Oe3omacHOCTHM TpoayKiuu. OnbIT mpoBoauncs B 2022-2024 rr. B
Y30eKHCTaHCKOM palioHe Ha [IeBATH COpTaX, BK/OUas KOHTPOJBHBIA COpPT Onbbepra, B
YeThIPEXKPATHOW TIOBTOPHOCTH; MpoaHanyi3vupoBaHo 108 Habmogenuii. Bemmunny pH ompezensm
MOTEHIIMOMeTPUUECKH, COfiep>KaHHe HUTPAaTOB — MOHOMETPUYECKH; JaHHbIe 00paboTaHbI METO[0M
JIByX(paKTOPHOTO AUCIIEPCUOHHOTO aHanu3a (CopT X rof). BenuunHa pH MsikoTu B pa3pe3e COPTOB
v3MeHsiiack ot 3,69 (Jlona) go 4,17 (Kansgesu 2000), cocraBuB B cpeaHem 3,96 (HCPO5 = 0,08),
copep>kanue HUTpatoB — oT 37,8 (Onbbepta, Jloma) mo 40,7 mr/kr (Kanpaesu 2000), B cpesHeM
39,1 mr/kr (HCPO5 = 1,3 mr/kr). [I1CriepCHOHHBIN aHanu3 1okKasas JOCTOBepHOe BausHUe (hakTopa
«copT» 1o oboum mokasaresisim (F = 29,9 nnst pH u F = 5,68 anst vutrparos nipu FO5 = 2,06), Torga
Kak B/MsiHUe (DaKTopa «rof» U B3aUMOJEeNCTBUS (PaKTOPOB OKa3ajoCh HEJOCTOBEPHBIM, TO €CTb
COPTOBBIE pa3Muusi ObUTH YCTOMUMBLI B TeueHUEe TPEX JieT. Y BCEX COPTOB CO/IepP>KaHWe HUTPATOB
ObLTO HIDKe TIpeziesibHO fJoryctuMoin KoHreHTpauuu (TTJK = 60 mr/kr) u cocrasmsio 62,9-67,8 %
oT Heé. Mexxny pH u coiep>kaHeM HUTPATOB BhIsIB/IEHA OueHb C1abasi TIOJIOKUTEbHAs CBsA3b (T =
0,208; n = 108; p = 0,031). OueHka pucKa TOKa3asa, YTO TPU CyTOUHOM MoTpebneHun 0,2 Kr
IIJIOZI0B MIOCTYTUIEHVe HUTPATOB COCTaB/sieT b 3,4-3,7 % fonycTumon cyTouHou fo3el (ADI =
3,7 mr/kr maccel Tena) mpu HQ < 1. TlockonmbKy Bo Bcex obOpasijax pH Obun Hibke 4,5, mpu
repepabOTKe TI0/I0B TIPUMEHUMBI PEXKUMBI TTaCTEPU3aLIHH.

Keywords: peach, active acidity, pH, nitrate, food safety, maximum permissible level,
analysis of variance, cultivar, Fergana region.

KiroueBble c/10Ba: MepCUK, akTUBHAsE KUCIOTHOCTh, pH, HUTpaThI, nuiteBas 6e301acHOCTb,
ITJK, arcrepCcHoOHHBIN aHa/mu3, copt, @epraHckasi 06/1aCThb.

Introduction

Peach (Prunus persica (L.) Batsch) is a stone fruit crop widely grown in Uzbekistan, in
particular in the Fergana Valley, and a considerable share of the produce is directed to the domestic
market and to export [8]. In recent years the requirements imposed on fruit have no longer been
limited to taste and marketable quality: they are also defined by the ecological cleanliness and food
safety of the produce, since a consignment that fails to meet the established limits is withdrawn
from trade on export markets [3].

Nitrates (NO;") are a natural intermediate product of nitrogen metabolism in plants. In the
human body they can be converted into nitrites and further into nitrosamines, while nitrites convert
haemoglobin into methaemoglobin and impair oxygen transport [5]. For this reason the European
Food Safety Authority (EFSA) has set an acceptable daily intake (ADI) for nitrate of 3.7 mg/kg
body weight per day [1], whereas the sanitary standards in force establish a maximum permissible
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level (MPL) of 60 mg/kg for stone fruits. According to a worldwide meta-analysis, the mean nitrate
content of fruits is 44.02 mg/kg, about ten times lower than that of vegetables (438.31 mg/kg) [2];
nevertheless, this indicator varies considerably depending on the cultivar and on the rate of nitrogen
fertilization [4; 10].

The active acidity (pH) of the fruit is the second indicator linking quality and safety. Besides
determining the sugar—acid balance of the taste, it also governs microbiological stability: at a pH
below 4.6 Clostridium botulinum does not grow, so such products are classified as «high-acid»
foods and pasteurization is applied instead of sterilization during canning [9]. In peach, acidity is
determined mainly by malic and citric acids [7]. In the literature the pH of peach has been studied
extensively from the standpoint of taste quality [6], whereas nitrate has been examined mainly in
vegetables; studies evaluating both indicators together for locally grown cultivars are almost absent.
This defines the novelty of the present work: using nine peach cultivars grown in the Fergana region
as an example, the variability of pH and nitrate content was assessed by analysis of variance with
respect to the cultivar and the year factors, the relationship between the two indicators was
established, and the results were interpreted quantitatively by means of the internationally accepted
risk assessment algorithm.

The aim of the study was to determine the pH and the nitrate content of the fruits of peach
cultivars grown under the conditions of the Fergana region, to assess the relationship between these
indicators and to substantiate the compliance of the produce with food safety requirements.

Materials and Methods

The study was carried out in 2022-2024 in a peach orchard in the Uzbekistan district of the
Fergana region. The objects of study were nine peach cultivars: Champion, Elberta (control),
Extreme 514, Vostok, Lola, Super lola, Oq luchchak, Big Top and Caldesi 2000. All cultivars were
grown on trees of the same age and under the same agronomic background, with identical irrigation
and fertilization regimes, which made it possible to isolate the effect of the cultivar factor. The
experiment was laid out in four replications; over the three years a total of 108 observations (9
cultivars x 3 years x 4 replications) were obtained for each indicator.

Fruits of each cultivar were sampled at the stage of consumer ripeness. In each replication,
fruits were picked from five typical trees, from four sides of the canopy, and an average sample of 3
kg was formed. The analyses were performed on the day of sampling, in a homogenate of the fruit
flesh (without the stone).

The active acidity of the flesh was measured potentiometrically with a digital pH meter fitted
with a glass electrode at 20 + 1 °C; before each series of measurements the instrument was
calibrated against buffer solutions of pH 4.01 and pH 6.86. The content of nitrate ions (NO,") was
determined ionometrically with an ion-selective (nitrate) electrode: a 10 g portion of the
homogenate was extracted with a 1 % solution of potassium aluminium sulphate, and the result was
calculated from a calibration curve and expressed in mg/kg of fresh fruit weight.

The results were processed by two-way analysis of variance (factor A — cultivar, factor B —
year) following the method of Dospekhov [11]. The error variance was calculated at 78 degrees of
freedom; for each cultivar the mean and its standard error (M + m), the least significant difference
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at the 5 % level (LSDO05) and the accuracy of the experiment (Sx, %) were obtained, while the
variability among cultivars was assessed by the coefficient of variation (V, %). The relationship
between pH and nitrate content was evaluated by the Pearson correlation coefficient (r).

The estimated daily intake of nitrate was calculated as EDI = (C x IR) / BW, where C is the
nitrate concentration, mg/kg; IR is the daily consumption, kg; and BW is the body weight, kg. The
value obtained was compared with the ADI of 3.7 mg/kg body weight per day established by EFSA,
and the hazard quotient was calculated as HQ = EDI/ ADI [1; 2].

Results and Discussion

Active acidity (pH) of the fruit. Averaged over the three years, the pH of the fruit flesh
varied among cultivars from 3.69 to 4.17, with a mean value of 3.96 (Table 1). The analysis of
variance showed a highly significant effect of the cultivar factor (F = 29.9 > F0O5 = 2.06), whereas
the effects of the year factor (F = 0.82) and of the interaction of the factors (F = 0.61) were not
significant. Thus, the pH of peach fruit is determined mainly by cultivar characteristics and depends
little on the conditions of the year, which confirms that this trait can serve as a reliable criterion for
breeding and for processing. The accuracy of the experiment was Sx = 1.3 %, indicating a high
reliability of the results.

Table 1.
Active acidity (pH) of the fruits of peach cultivars, 2022-2024
No. Cultivar pH, Deviation from Acidity
Mztm the control, + group
1 Champion 4.03 + 0.02 0.00 medium
2 Elberta (control) 4.03 + 0.04 — medium
3 Extreme 514 3.78 £0.03 -0.26 acidic
4 Vostok 3.83+£0.03 -0.20 acidic
5 Lola 3.69 + 0.04 -0.34 acidic
6 Super lola 4.08 + 0.02 +0.05 low-acid
7 Oq luchchak 3.94 £ 0.03 -0.10 medium
8 Big Top 4.11£0.03 +0.07 low-acid
9 Caldesi 2000 4.17 £ 0.01 +0.14 low-acid
Mean 3.96 — —
V, % 4.1 — —
Sx, % 1.3 — —
LSDO05 0.08 — —

A statistically significant decrease relative to the control, that is, a difference exceeding
LSDO05 = 0.08, was recorded in Lola (-0.34), Extreme 514 (-0.26), Vostok (—0.20) and Oq luchchak
(-0.10); a low pH indicates a high content of organic acids, primarily malic acid, in the fruit flesh
[7]. In Caldesi 2000, by contrast, the pH was significantly higher than in the control (+0.14). In
Champion (0.00), Super lola (+0.05) and Big Top (+0.07) the differences were within LSDO05 and
therefore not significant.
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The range obtained is consistent with international data: in cultivars studied in the
Mediterranean basin the pH of peach ranged from 3.50 to 4.40, and in white-fleshed cultivars it was
usually below 4.0 [6]; in our experiment the white-fleshed cultivars Oq luchchak (3.94) and Lola
(3.69) likewise had a pH below 4.0. The basis of the differences among cultivars has been explained
at the molecular level: in low-acid cultivars the expression of the ALMT9 gene, which transports
malate into the vacuole, is reduced, and the degradation of citric acid is accelerated [7].

Nitrate content of the fruit. The content of nitrate ions varied among cultivars from 37.8 to
40.7 mg/kg, with a mean value of 39.1 mg/kg (Table 2). As in the case of pH, the effect of the
cultivar factor was significant for this indicator (F = 5.68 > F05 = 2.06), whereas the effects of the
year factor (F = 0.11) and of the interaction of the factors (F = 0.99) were not significant. The mean
nitrate content by year varied only from 39.1 mg/kg (2022) to 39.2 mg/kg (2023), that is, it
remained practically unchanged over the three years. The accuracy of the experiment was Sx =
2.0 %.

Table 2.
Nitrate content of the fruits of peach cultivars, 2022-2024
No. Cultivar Nitrate, Deviation from Share of Status
mg/kg, M + m the control, + MPL, %
1 Champion 38.5+ 0.6 +0.7 64.2 within the limit
2 Elberta (control) 37.8+0.4 — 63.1 within the limit
3 Extreme 514 384104 +0.6 64.0 within the limit
4 Vostok 39.8+0.5 +2.0 66.4 within the limit
5 Lola 37.8+0.5 -0.1 62.9 within the limit
6 Super lola 39.2+0.3 +1.3 65.3 within the limit
7 0Oq luchchak 40.3+0.3 +2.5 67.2 within the limit
8 Big Top 39.8+0.4 +2.0 66.4 within the limit
9 Caldesi 2000 40.7 £ 0.4 +2.8 67.8 within the limit
Mean 39.1 — 65.2 —
V, % 2.8 — — —
Sx, % 2.0 — — —
LSDO05 1.3 — — —

Note: MPL is the maximum permissible level of nitrate for stone fruits, 60 mg/kg.

The lowest nitrate content was recorded in the control cultivar Elberta and in Lola (37.8 mg/
kg). Values significantly higher than the control, that is, exceeding LSDO05 = 1.3 mg/kg, were found
in Caldesi 2000 (+2.8), Oq luchchak (+2.5), Vostok and Big Top (+2.0) and Super lola (+1.3),
whereas the differences in Champion (+0.7) and Extreme 514 (+0.6) were not significant. In all
cultivars the nitrate content was below the MPL; the results, however, require an objective
interpretation: the mean values amounted to between 62.9 % and 67.8 % of the MPL, and the
highest value in an individual sample reached 43 mg/kg, or 71.7 % of the MPL. The safety margin
is therefore 1.5-1.6-fold, and if the rate of nitrogen fertilization were increased or the irrigation
regime disturbed, the nitrate content in Caldesi 2000, Oq luchchak and Big Top could approach the
MPL; monitoring of individual consignments of these cultivars destined for export should therefore
be intensified [10].
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A comparison with world data gives a favourable picture: the mean nitrate content of fruits
worldwide is 44.02 mg/kg [2], whereas in our experiment the mean value was 39.1 mg/kg, that is,
11.1 % lower than the world average. This shows that peach fruits grown under the conditions of
the Fergana region comply with international requirements with respect to nitrate accumulation and
that nitrogen fertilizers are applied at reasonable rates in local orchards.

Relationship between pH and nitrate content

A comparison of the data of the two tables revealed an interesting tendency: cultivars with a
higher pH, that is, low-acid cultivars, also had a higher nitrate content. Correlation analysis of all
108 observations confirmed this tendency (r = 0.208; p = 0.031); the relationship, however, is very
weak: the coefficient of determination was R2 = 0.04, which means that only 4 % of the variability
in nitrate content is associated with pH. At the level of cultivar means the correlation was stronger (r
= 0.481), but owing to the small number of observations (n = 9) it did not reach the threshold of
statistical significance (p = 0.19). Accordingly, the relationship observed should be regarded not as
a regularity of practical importance but as a tendency that requires verification on a larger number
of cultivars.

A possible reason for this tendency is a well-known physiological mechanism: the reduction
of nitrate with the participation of nitrate reductase is accompanied by the formation of hydroxyl
ions (OH"), and this alkalinity is neutralized through the synthesis of malic acid (the «biochemical
pH-stat»). It may therefore be assumed that in low-pH cultivars, in which acid metabolism is more
active, nitrate assimilation proceeds more intensively and less residual nitrate accumulates in the
fruit. Direct measurement of nitrate reductase activity is required to confirm this explanation. From
a practical point of view the tendency observed is important: at a time when the creation of low-
acid, sweet-tasting cultivars is becoming a priority direction in breeding [8], it is advisable to
evaluate food safety indicators as well when such cultivars are tested.

Risk assessment for nitrate

Compliance with the MPL is a necessary but not a sufficient condition. The calculations
showed that when an adult consumer (BW = 60 kg) eats 0.2 kg of peaches per day, the daily intake
of nitrate amounts to 0.126-0.136 mg/kg body weight, which is only 3.4-3.7 % of the acceptable
daily intake established by EFSA [1]. Even when the daily consumption rises to 0.3 kg and the
cultivar with the highest nitrate content is consumed, this share does not exceed 5.5 %. For children,
in the least favourable case (BW = 27 kg, IR = 0.1 kg), the value amounted to 4.1 % of the ADI. In
all cases the hazard quotient was HQ = 0.034-0.055, that is, 18-29 times below unity, which means
that consumption of the fruits of the cultivars studied poses no risk to health with respect to nitrate.
This is consistent with the literature: the main part of the dietary nitrate intake comes not from fruits
but from vegetables [2; 4].

Technological significance of the result

In all 108 samples the pH was below the microbiological safety threshold of 4.6 and below
the value of 4.5 used in processing practice (the highest individual value was 4.25). This makes it
possible to classify peach fruits as high-acid foods and to apply pasteurization regimes at 90—-100 °C
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during canning instead of high-temperature sterilization [9], which reduces energy consumption and
better preserves product quality. Caldesi 2000 is the closest to the threshold (mean 4.17), and it is
therefore recommended that the pH be monitored in consignments prepared from this cultivar and,
where necessary, adjusted with citric acid. On the whole, when the two indicators are analysed
together the cultivars may be divided into two groups: cultivars with a low pH and a low nitrate
content (Lola, Extreme 514, Elberta) are the most suitable for processing and export, whereas
cultivars with a higher pH and a relatively higher nitrate content (Caldesi 2000, Big Top, Super lola,
Oq luchchak) are preferable for fresh consumption but require stricter monitoring.

Conclusion

1. In the nine peach cultivars grown in the Uzbekistan district of the Fergana region, the
active acidity of the fruit flesh ranged from 3.69 (Lola) to 4.17 (Caldesi 2000), averaging 3.96
(LSDO05 = 0.08; Sx = 1.3 %). A significantly lower pH than in the control was recorded in Lola,
Extreme 514, Vostok and Oq luchchak.

2. The nitrate content ranged from 37.8 (Elberta, Lola) to 40.7 mg/kg (Caldesi 2000),
averaging 39.1 mg/kg (LSDO05 = 1.3 mg/kg; Sx = 2.0 %), and in all cultivars it was below the MPL
of 60 mg/kg, amounting to 62.9-67.8 % of it. The mean value is 11.1 % lower than the figure
reported for fruits worldwide (44.02 mg/kg).

3. The analysis of variance showed a significant effect of the cultivar factor for both indicators
(F = 299 for pH and F = 5.68 for nitrate), whereas the effects of the year factor and of the
interaction of the factors were not significant. The cultivar-specific differences were therefore stable
over the three years and can be regarded as reliable cultivar traits.

4. A very weak positive correlation was observed between pH and nitrate content (r = 0.208; n
= 108; p = 0.031; R? = 0.04): low-acid cultivars tend to accumulate more nitrate, but this
relationship is only a tendency and requires verification on a larger number of cultivars.

5. According to the risk assessment, the daily intake of nitrate amounted to 3.4-3.7 % of the
ADI for adult consumers and to 4.1 % for children (HQ < 1). Since the pH was below 4.5 in all
samples, pasteurization regimes may be applied when the fruits are processed. Lola, Extreme 514
and Elberta are recommended for processing and export, while monitoring of pH and nitrate in
individual consignments is necessary for Caldesi 2000.
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