The effect of pomegranate aril paleness phenomenon on the secondary
metabolites content and activity of phenylalanine amonialyase (PAL) enzyme at

different stages of fruit development
ABSTRACT

In order to reduce the damage caused by the pomegranate aril paleness disorder and the fundamental management of orchards, the
present study was conducted to identify the most sensitive stage/stages of pomegranate fruit growth and development in relation to the
changes of secondary metabolites and phenylalanine amonialyase (PAL) enzyme activity in two probable and improbable conditions
for the occurrence of aril paleness. The stages of pomegranate fruit development included: fruit set (stagel), hazelnut size (stage 2),
fast fruit growth (stage 3) and ripening (stage 4). Based on the results obtained, in both probable and improbable conditions for the
occurrence of aril paleness, the changes in the total phenolics content (TPC) after the hazelnut size stage until the end of the fruit growth
and development stage showed a downward and regular trend. Nevertheless, this decreasing trend in TPC was more inténse in probable
conditions compared to improbable conditions. The total flavonoid content (TFC) in improbable conditions, the first had.a decreasing
trend (from stage 1 to 3) and then an increasing trend (from stage 3 to 4) and in probable conditions, TFC changes fromthe beginning
of fruit set to the end of fruit growth and development stage showed a regular downward trend. The content of.eyanidin (Cyd) increased
from stage 1 to stage 3 in both conditions; however, after the fast fruit growth stage (stage 3), a significant change,in Cyd content was
observed in improbable conditions (increasing trend) and probable conditions for the occurrence ofipaleness disorder (€decreasing
trend). Additionally, PAL enzyme activity was observed in all stages of pomegranate fruit growth and“development under both
conditions. In general, under improbable conditions for the occurrence of aril paleness,ithe most sensitive stage oflpomegranate fruit
growth and development with the most changes in the content of secondary metabolites'was from the stage of hazelnut size to full
ripening. Therefore, the fundamental management of orchards in order to reduce damage causediby heat stress is necessary in the stages
of pomegranate fruit growth and development or the stage of construction of pomegranate orchards. Additionally, the alignment of
changes in the activity of this enzyme with anthocyanin content in the first three stages'of fruit growth and development indicates the
participation of this enzyme in anthocyanin biosynthesis. On the other hand, the inconsistent trend of PAL enzyme activity and
anthocyanin content (under improbable conditions) as well_as thetdecrease in thesaCtivity of this enzyme in both probable and
improbable conditions from stage 3 (fast fruit growth) to the endhof pomegranateyfruit growth and development showed that in addition
to the PAL enzyme, the role of other enzymes of the flavonoid biosynthesis pathway in the accumulation and synthesis of anthocyanin
in pomegranate fruit should not be ignored. V.
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The effect of pomegranate aril paleness phenomenon on the secondary metabolites content and activity
of phenylalanine amonialyase (PAL) enzyme at different stages of fruit development
Introduction
The production of secondary metabolites during fruit growth and development is a necessary phenomenon that
affects the quality (taste, smell and color), marketability and therapeutic properties of theé fruit. Pomegranate
fruit (Punica granatum L.) is of special importance in the food and pharmaceutical industries due to its
considerable antioxidant activity, due to the high content of secondary metabelites, especially anthocyanin in
the skin and fruit juice. Nevertheless, in the last decade, the aril paleness tvpomegranate‘has been reported as
a new and pervasive factor in reducing the quality of pemegranate fruitsin many countries, including Iran.
Therefore, in order to reduce the damage caused by the pamegranate ‘arilpaleness disorder and the fundamental
management of orchards, the present study was ‘eonducted tovidentify the most sensitive stage/stages of
pomegranate fruit growth and development in relation to theMehanges of secondary metabolites and
phenylalanine amonialyase (PAL) enzyme activity in two Qrobable and improbable conditions for the
occurrence of aril paleness.
Materials and Methods
This study was carried out during two years (2022 and 2023). In the first year, based on the introduced factors
affecting the occurrence of pomegranate paleness (temperature, irrigation water and soil salinity), two orchards
with the highest and lowest percentage of pomegranate arilgaleness (orchard number 17 and 19, respectively)
were selected based on the results of Faraji et'al. (2024). Then, based on the average temperature during the
fruit maturation period (average temperature of 25-27 °C and > 38 °C orchard number 19 and 17, respectively),
30 trees were selected and'labeled and atithe end of September (2022), percent paleness of each tree (in each
orchard) accordingsto.Kavand etal. (2020) was calculated. In the second phase (2023), based on the results of
the first year, 10 treesswere selectedyfrom the 30 trees previous, and then during four stages, fruit set (stagel);
Hazelnut size (stage 2); fast fruit' growth (stage 3) and full ripening (stage 4)- three fruits were harvested from
each tree and the total phenel content (TPC), total flavonoid content (TFC), anthocyanin (Cyd) content and
PAL enzyme-agtivity Were measured.
Results and Discussion
Based on the results oﬁtained, in both probable and improbable conditions for the occurrence of aril paleness,
the changessin, the'total phenolics content (TPC) after the hazelnut size stage until the end of the fruit growth
and development stage showed a downward and regular trend. Nevertheless, this decreasing trend in TPC was
more intense in probable conditions compared to improbable conditions. The total flavonoid content (TFC) in
improbable conditions, the first had a decreasing trend (from stage 1 to 3) and then an increasing trend (from
stage 3 to 4) and in probable conditions, TFC changes from the beginning of fruit set to the end of fruit growth
and development stage showed a regular downward trend. So that, the lowest accumulation of TFC was
achieved in stage 4. The content of cyanidin (Cyd) increased from stage 1 to stage 3 in both conditions;
However, after the fast fruit growth stage (stage 3), a significant change in Cyd content was observed in
improbable conditions (increasing trend) and probable conditions for the occurrence of paleness disorder
(decreasing trend). The activity of phenylalanine ammonia lyase (PAL) enzyme increased in both conditions
up to stage 3, in line with the increase in Cyd content, and after the fast fruit growth stage, the activity of this
enzyme decreased in both conditions.
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Conclusion

In general, under improbable conditions for for the occurrence of aril paleness, the most sensitive stage of
pomegranate fruit growth and development with the most changes in the content of secondary metabolites was
from the stage of hazelnut size to full ripening. Therefore, the fundamental management of orchards in order
to reduce damage caused by heat stress, including choosing the right place to construct the orchard in terms of
height above sea level (=1000 meters), choosing the right slope for planting trees to obtain maximum shade
(Northern and Eastern slopes), choosing a sutiable tree planting pattern, especially in tropical and subtropical
areas (square planting pattern), using the light mulches, maintaining annual weeds and also using light-colored
shades, is necessary in the stages of pomegranate fruit growth and development or the stage of construction of
pomegranate orchards. Additionally, the alignment of changes in the activity of this enzyme with anthocyanin
content in the first three stages of fruit growth and development indicates the participation of this'enzyme in
anthocyanin biosynthesis. On the other hand, the inconsistent trend of PAL enzyme activity and anthecyanin
content (under improbable conditions) as well as the decrease in the activity of this enzyme in both probable
and improbable conditions from stage 3 to the end of pomegranate fruit growth and development showed that,
in addition to the PAL enzyme, the role of other enzymes of the flavonoid biosyntltsis pathway in the
accumulation and synthesis of anthocyanin in pomegranate fruit should,not be ignored.

Keywords: Anthocyanin biosynthesis, Heat stress, Polyphenolic compounds; Pomegranate orchards
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