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STUDY OF THE INFLUENCE OF PLUM DRYING PARAMETERS ON THE CONTENT
OF POLYPHENOLIC SUBSTANCES AND ANTIOXIDANT ACTIVITY IN PRUNES

Abstract: Contemporary prune production is largely driven by industry and market demands.
Uniform dimensions and color, balanced taste and attractive flavor are appreciated by consumers.
In addition, dried plum is considered a rich source of the essential phytochemicals, mainly
polyphenolic compounds. Drying is an effective method of fruit preservation. Drying can maintain the
quality of the finished product, but the decisive factor in this process is the method chosen, the
equipment and the parameters of the thermal agent. In this work, drying in an infrared cabinet was
used as an effective and progressive method that reduces the drying time while preserving the
bioactive substances of the initial raw material. To produce a prune authors used the plum species
(Prunus domestica L. — domestic plum) of the genus Prunus, the variety «Vengerka domashnyax,
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cultivated in the south of Kazakhstan and as the most suitable variety for obtaining prunes. The
results of the study showed that despite the shorter drying time at higher temperature (80°C), drying
carried out at 60°C for 10 hours was more effective in terms of polyphenol preservation. Although
drying fresh plums causes significant chemical changes, prunes dried in an infrared dryer at
temperature 60°C can be considered a functional food due to the high levels of antioxidants:
polyphenolic substances in amount 169.51£0.58 mg GAE/100 g DW and Total Antioxidant Capacity
(TAC) in amount 64.27+0.65 mg equivalents of a-tocopherol/ g extract.
Key words: plum; drying; infrared; temperature; prunes; polyphenolic; antioxidant; activity.

Introduction

Functional foods or nutraceuticals are excellent tools in the prevention and/or treatment of
diseases of various natures. These beneficial effects are due to the constant presence of bioactive
components such as carotenoids, phenols, certain vitamins and fibres in the products [1]. Some of
the original and important sources of these health benefits are fruits and vegetables, including dried
foods. A wide variety of fruits, vegetables, whole grains and other plant foods provide a range of
nutrients and various bioactive compounds, including phytochemicals, vitamins, minerals and fibre,
which play an important role as antioxidants, phytoestrogens and anti-inflammatory agents, and
through various protective mechanisms [2, 3].

Plum fruits and the dried products derived from them in the form of prunes, in this context, can
be considered as a rich source of the above-mentioned phytochemicals, mainly polyphenolic
compounds. Polyphenolic compounds are considered antioxidant, anticarcinogenic, antimicrobial,
anti-allergic, antimutagenic and anti-inflammatory, as well as reducing cardiovascular diseases [4].

According to Bloomberg, many manufacturers are positioning prunes as a sweet, deep-
flavoured, pleasantly chewy texture, healthy snack product rich in antioxidants, vitamins, fibre and
protein. Most importantly, it is available all year round [5].

American nutritionists have discovered an unexpected property of prunes. In a study published
in the Journal of Nutrition Bulletin, they stated that it reduces cravings for sweets. According to
experts, people who ate prunes during the study felt less hunger and consumed fewer calories. This
product is called by the experts it one of the best for snacking [6].

As already mentioned, the fruit sector faces the challenges of consistent availability of high
guality produce all year round, as well as improving and maintaining high nutritional value after
harvest and during storage. Although fruits and vegetables are rich in nutraceuticals and bioactive
substances, these functional foods have a relatively short shelf life. Methods used to extend their
shelf life and availability to consumers includes freezing and dehydration. The dehydration process
can be modified to achieve improved nutritional and sensory profiles desired by both producers and
consumers [7].

Global dried fruit production has shown a positive trend over the past decade, crossing the 3
million metric tonne threshold over the past six seasons. The total for 2022/23 was just over 3.1
million tonnes. Dried grapes (sultanas, sultanas and currants) were again the leading dried fruit with
1.3 million tonnes (42% of total volume) in 2022/23. With a total volume of almost 1.2 million tonnes,
table dates accounted for 37% of total dried fruit production. Table dates were also the fastest
growing product over the last ten years, with an average annual growth of 5% between 2013/14 and
2022/23. Sweetened dried cranberries (6%), prunes (6%), apricots (5%) and figs (4%) accounted for
the rest of global production (21%). In the 2022/23 season, global prune production amounted to an

estimated 171,660 metric tons (Fig.1) [8].
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Figure 1 — World production of prunes
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Drying is one of the widely used technologies as a method to reduce water content in order to
slow down food spoilage by microorganisms [9]. But the high drying temperatures used in convection
and other conventional heat treatments can reduce the amount of bioactive compounds including
polyphenols [10]. Although [11] showed that although the high processing temperatures used for fruit
drying significantly reduced both polyphenol and ascorbic acid content, the antioxidant activity of
dried prunes was significantly increased. For this reason the purpose of the work is to determine the
influence of different heating temperatures of drying with infrared method on amount of polyphenol
substances and antioxidant ability of dried plums.

Objects and methods of research

The experiments were conducted on the plum species (Prunus domestica L. - domestic plum)
of the genus Prunus, the variety "Vengerka domashnya", cultivated in the south of Kazakhstan and
as the most suitable variety for obtaining prunes. The fruits were thoroughly washed, the pits were
removed and immediately sent for drying.The drying process was carried out by an infrared drying
installation ShS-80 of the Scientific Research Laboratory "Problems of Agro-Industrial Complex and
Energy Information Resources" of M. Auezov SKU at different temperature conditions. Qualitative
and quantitative analysis of fresh and dried plums was carried out using generally accepted methods
in the literature and standards.

Results and discussion

At the first stage, the appearance and biochemical composition of fresh plums were studied:
dry matter content, sugar content, titratable acidity. Plums for making prunes must meet certain
requirements. Plums of the same size and weight (30-35 g) were selected, skin color - dark blue,
with dense intact skin and waxy coating, with a small stone. The results of the analyses are presented
in Table 1.

Table 1 — Biochemical composition of fresh plums of «Vengerka domashnya» variety

Type of data Paramete_rs — - -
Dry matter content Sugar content Titratable acidity (per malic acid)
Experimental data 18,5% 135% 1,03%
According to requirements | Approximately 20% To 12% Approximately 1%

Thus, the plum samples met all the requirements for obtaining high-quality prunes in all
respects.

At the next stage, after preliminary preparation of the pitted plum samples, drying was carried
out using infrared radiation as promising and cost-effective [12]. Such properties of any object as
absorption and emission of radiation in the infrared spectrum give possibility to dry them at moderate
temperatures and rapidly. So, selected plum varieties were dried at two different temperatures (60°C
and 80°C) and the effect of the drying procedure on total polyphenol content and antioxidant capacity
was monitored.

Figure 2 shows the drying curves of plums at different temperatures. Analysing the drying
curves of plum samples, it is observed that the drying time decreases with increasing temperature
in the infrared cabinet. At 60°C, the drying time is 12 hours, decreasing to 10 hours at 80°C. Thus,
increasing the drying temperature from 60 to 80°C reduced the drying time by 1,2 times.
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Figure 2 — Influence of the temperature on drying time
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At the end of the drying process, the samples were examined for total polyphenolic content
using the Folin-Chocalteu method. The content of polyphenols was determined by adding 0,2 ml of
the pre-prepared prune extract to a test tube along with 1 ml of Folin-Ciocalteu solution and 3 ml of
sodium carbonate solution (20%). The resulting mixture was left to react for one hour in the dark.
Absorbance of the mixture was determined on a spectrophotometer at 765 nm. The result was
expressed as milligrams of gallic acid equivalents (mg GAE) per 100 mg of starting material (mg
GAE/100 g DW). The values for polyphenolic substances (PS) content of the obtained prune
samples at different temperatures in the infrared cabinet are shown in Table 2.

It was found that maintaining temperatures of 60°C and 80°C in the infrared cabinet resulted
in the following PS values: 169,51+0,58 mg GAE/100 g DW (60°C), and 109,51+0,54 mg GAE/100
g DW (80°C), showing the highest yield of PS content at 60°C. The similar situation resulted in TAC
value: 64,27+0,65 mg equivalents of a-tocopherol/ g extract (60°C), and 55,21+£0,92 mg equivalents
of a-tocopherol/ g extract (80°C), showing the highest yield of TAC value at 60°C.

Table 2 — Biochemical composition of fresh plums of «Vengerka domashnya» variety

Temperature of Parameters — .
drying Polyphenol substances (PS) Totgl Antioxidant Capacity (TAC)
mg GAE/100 g DW mg equivalents of a-tocopherol/ g extract
60°C 169,51+0,58 64,27+0,65
80°C 109,51+0,54 55,21+0,92

It is obvious that higher temperatures can increase dissolution and distribution, but high
temperatures can also damage the cell wall, causing the release of enzymes such as polyphenol
oxidase and peroxidase. Therefore, if the heat treatment temperature is higher, the chemical
structure of the heat-sensitive phenolic compounds may undergo permanent modifications. And their
content is drastically reduced. In addition, these changes affect the reactivity of aromatic rings
interacting with the Folin-Ciocalteu reagent, which explains the lower P retention observed at higher
drying temperatures [13-15].

Total Antioxidant Capacity (TAC) Test is a general test of the antioxidant capacity of plant
extracts based on the phosphomolybdate method using a-tocopherol as an equivalent standard. The
test is performed by mixing the extracts with a special reagent which is a mixture of sulphuric acid,
sodium phosphate and ammonium molybdate. The mixture is then incubated at 95 °C for 90 minutes
and, after cooling, the absorbance is measured at 695 nm. a-Tocopherol is also tested as a standard
using the same procedures. The TAC value can be expressed as mg equivalents of a-tocopherol/ g
extract [16].

So the total content of polyphenolic substances in fresh plums according to the number of
studies composes from 125.0 to 372.6 mg/100 g expressed as gallic acid equivalents [17,18].
Although drying fresh plums causes significant chemical changes, prunes dried in an infrared dryer
at temperature 60°C can be considered a functional food due to the high levels of antioxidants:
polyphenolic substances in amount 169.51£0.58 mg GAE/100 g DW and Total Antioxidant Capacity
(TAC) in amount 64.27+0.65 mg equivalents of a-tocopherol/ g extract.

Conclusion

Various studies on fruit preservation by drying report high product quality, low microbial
contamination, and preservation of functional bioactive substances. Prunes, which are industrially
produced by drying fresh plums at 60°C for 10 h, contain higher levels of phenolic compounds than
those dried at higher temperatures. Phenolic compounds in prunes have beneficial effects on human
health.
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KENTIPY MAPAMETPJIEPIHIH KAPA ©PIKTIH NONIM®EHONAbl 3ATTAPAbIH MA3M¥HbIHA XXOHE
KAPA ©PIKTIH AHTUOKCUOAHTTbIK BEJICEHAININHE ©CEPIH 3EPTTEY

Kasipei 3amaHfbl Kapa epik eHOIpici Hezi3iHeH eHepKacin neH HapblK cypaHbicbiHa balinaHbicmbl.
Gipkenki enwemdepi MeH myci, meHOecmipinzeH dami MeH mapmbiMObl domi mymbiHyWblap maparbsiHaH
Jxofapbl baranaHalbl. COHbIMEH Kamap, KenmipifizeH Kapa epik MaHbi30bl humoxuMusisibiK 3ammapdbiH,
Heei3iHeH nonugeHondbl KocblnbicmapdbiH 6ali ke3i 6onbin caHanaobl. Kenmipy — xemicmepdi cakmayObiH
muimdi adici. Kenmipy OalibiH 6HiMHIH canackbiH cakmal anaodbi, bipak 6yn npouyecme wewywi ¢hakmop
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maHOanraH a0ic, xabdbIK XoHe MepMUSTIbIK a2eHmmiH napamempriepi 60sbin mabbinadsl. byn xymbicma
bacmarnkbl wukizammbsiH buoakmuemi 3ammapbiH cakKmaul OmbIpbirl, KeNMIpy yakbiMbIH KbICKapmambiH
muimOi xeHe npozpeccusmi adic pemiHOe UHPaKbI3bi WKagma Kenmipy KondaHbindbl. Kapa epik any ywiH
asmopriap Kapa epik any ywiH eH Konalnbl copm pemiHde KazaKkcmaHHbIH OHmycmizgiHOe ecipinemiH Prunus
myKbiMOachkIHbIH Kapa epik mypiH (Prunus domestica L. — omaHObIK Kapa epik), «BeHazepka domaliHsIs»
copmabiH naddanaHibl. 3epmmey Hamuxersepi xorapbl memnepamypada (80°C) Kbicka kerimipy yakbimbiHa
KapamacmaH, 60°C memnepamypada 10 caram 60Ubl XypaisineeH Kenmipy rnonugeHondsl cakmay
myprbiCbiHaH muimOipeKk eKkeHiH Kepcemmi. Anxopdbl kenmipy altmapnbiKmal XuMusifblK e32epicmep
myrfbizca 0Oa, UHGpaKbi3bil — Kenmipeiwme 60°C  memnepamypada KenmipineeH Kapa  6piK
aHmuokcudaHmmapObiH ofapbl deHeeliHe balinaHbicmbl hyHKUUOHaNObl maram pemiHoe Kapacmbipbinybl
MYMKIH: ronugeHondslk 3ammap 169,571+0,568 mz GAE/100 2 DW xoHe xannbl aHmuokcudaHmmbik
cbilibiMObinbiK (TAC) a-mokoghbepor/a CbifbIHObICbIHBIH 64,27+0,65 Me skeusaneHmiHOe.

TyliH ce30ep: anxopbl; Kenmipy; UHQPaKbI3bII, memrnepamypa; Kapa 6pik; nonugeHonobl;
aHmuokcudaHm; 6esceHOIriK.
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WU3YYEHUE BIIUAHNA NAPAMETPOB CYLLKWU CNIUBbI HA COOAEPXXAHWUE NONMM®EHONbHbIX
BELWWECTB U AHTUOKCMOAHTHOUN AKTUBHOCTU B YEPHOCIIUBE

CospemeHHoe  npou3so0cmeo  4YepHoc/uea 80  MHO20M  0bycrnoeneHo  mpebosaHusMU
rpombIwneHHocmu u pbiHka. OOHOPOOHbIe pa3Mmepsbi U usem, cbanaHcupo8aHHbIU 8KYC U rpuenekamesibHbIl
apomam ueHsmcs rnompebumernamu. Kpome moeo, cyweHas cruea cqumaemcs 6o2ambiM UCMOYHUKOM
Heobxo00uMbIX hUMOXUMUYECKUX 8ellecms, 8 OCHOBHOM r0s1UGheHOsIbHbIX coeduHeHul. Cywka sensemcs
aghgpekmusHbIM MemoOoM KoHcepsauuu ¢hpykmos. Cywka Mo3eosissem COXpaHUMmb Kayecmeo 20moeoeo
npodykma, HO pewaruwum hakmopoM 8 IMOM ripouecce serisiemcsi 8blbpaHHbIU Memod, obopydosaHue U
rnapamempbl menioeo2o azeHma. B 0aHHoU pabome cywka 8 UHpaKkpacHOM wkKay ucrosib308asnack Kak
agbgbekmugHbIl U Npo2peccusHbIl Memod, Mo380sWUL COKpamumb 8pPeMsi CyWKU pu COXpaHeHuU
buonoau4yecKku akmugHbIX 8elWecmas UCXO0H020 Chipbs. [ns nonyyYeHus YepHocu8a asmopbl UCronb308anu
e8ud cnuebl (Prunus domestica L. — cnuea OomawHsisi) poda Prunus, copm «BeHeepka OoMawHsis»,
go30enbigaembili Ha t02e KazaxcmaHa u kak Haubonee nodxodswul copm Onsi nofyYeHusi YepHocusa.
Pe3ynbmamebi uccriedogaHus rokasasu, 4mo, HecMompsi Ha bosiee KOpomkoe epeMs Cywku npu bosee
ebicokol memnepamype (80°C), cywka, nposedeHHasi rpu 60°C e meyveHue 10 yacos, b6bina boree
aghghekmuBHOU C MOYKU 3PEHUSI COXpaHeHUs nonugeHonos. Xoms cCywka C8eXUX Crlug8 8bI3bisaem
3Ha4yumesibHbIe XUMUYECKUE U3MEHEHUsl, YEepHOCIUB, BbICYWEHHbIU 8 UHghpakpacHoU Cywusike npu
memnepamype 60°C, MOXHO cyumamb QYyHKUUOHabHbIM [POOYKMOM rumaHusi U3-3a B8bICOKO20
codepxkaHusi aHmuokcudaHmoe: NonugeHornbHbIX seujecms 8 konudecmee 169,51+0,58 ma GAE/100 2 cyxoti
maccbl u obwel aHmuokcudaHmHol emkocmu (TAC) e konudecmee 64,27+0,65 mz skeusaneHma a-
mokoghbepona/e akcmpaxkma.

Knroyesnie cnoga: criuga; Cywka; UHpakpacHbIl; memrnepamypa; YepHOCUS;, NoaugeHONbHbIl;
aHmuokcudaHm, akmugHoOCMkb.
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CO3A0AHUE HOBOI'O BUOA OBOIALLLEHHOIO MArKoro CbiIPA HA OCHOBE
PE3YJIbTATOB UCCJIEAOBAHUA CbIPOMNMPUIOAHOCTU MOJIOKA KOPOB
NABJIOOAPCKOIO PETMOHA

AHHOmMauyus:. B daHHOU cmambe ompaxeHbl pe3yribmambl rposedeHHbIx uccredogaHul
CbIpOMnpPuU200HOCMU MOJIOKa KOpOo8 pasHbix rnopod [lasnodapckoz2o peauoHa u paspabomku u
ycogepuweHcmeogaHusi mexHosioauu npouseodcmea Ho8o20 suda obo2auleHHO20 MS2K020 Chipa
OYHKUUOHaIbHO20 Ha3Ha4YeHUs.

Ha nepsom smane HWP 6bin nposedeH 0630p crieyuasnbHOU U HayYHO-mexHu4Yeckol u
nameHmHoU snumepamypbl 10 80rpocaM MmMeHOeHUUU pal3sumusi mexHosI02uu rnpousgsoocmea
HamypasibHO20 CbI4yXHO20 MS2KO20 Cbipa, C UCMO/Ib308aHUEM ChIpbsS pacmumesibHO20
npoucxoxdeHus. [anee e xode 6bINOMHEHUS Hay4YHO-uccriefosamesibckol pabombi 6biu
rnposedeHbl  3KcriepuMeHmaribHble UCcriedo8aHusi Cbiporpu2odHocmu Morioka 3 rnopod Kopos
lMaenodapckoeo peauoHa «CummeHmarnsckas», «KpacHas CmenHasiy u  «Kasaxckas
berioeonoeas» K CbiHyXXHOMY ceepmbigaHuro. 1o pesynbmamam rnposedeHHbIx uccriedosaHul, 8
Kayecmee 0CHOBHO20 Cbipbsi O npouzsodcmea obozawleHHO20 Msi2koz2o chipa 6b110 omobpaHo
KOp0o8be MOJI0KO opodbl « CuMMeHmMarbCcKasl.

Bamem 6binu cocmasneHbl HECKONIbKO 8apuaHmo8 CMeCU CbIpOornpu200HO20 MOJIOKa KOpo8
«CummeHmarnbcKkasi» U MeHee CbIporpuao0HO20 MOosioKka Kopoe rnopods! «KpacHass CmenHas» 6
pasnuyHbix coomHoweHusix (90/10, 80/20, 70/30, 60/40, 50/50) u coomeemcmeeHHO uccriedo8aH
MPOUECC CbIHYYy)XHO20 Cc8epmbieaHUsi 0mMoObpaHHbIX 8apuaHmos8 Cbiponpu20dHO20 MOsiIoKa C
ucrnosib308aHuUeM omobpaHHbIX 3aK8ACOK U ChIYYyXXHbIX (hepMEHMOS.

Mo nony4yeHHbIM pe3ynbmamam makxe 6bi10 ycmaHoerneHo, 4mo epmeHm «Natural
Rennet» u 3akeacka «Lactoferm ECO» makxe obradarom O4YeHb B8bICOKOU aKmueHOCMbIO
ceepmbi8aHUs pasfiuyHbIX cMecel Morioka. [JuHamuka UsMeHeHUs1 mumpyemMou KUciiomHocmu rpu
ceepmbigaHuu cmecu  (60/40 u 50/50) cbiporipu2odHO20  MOJIOKa  KOpo8  nopoodhbl
«CummeHmarnbcKkasi» U MEHee Cbipornpu2odHo20 Mosioka Kopos rnopoldbl «KpacHass CmenHasi»
docmuernu MakcuMasibHO20 rokasamersisi 1o mumpyemou KucriomHocmu

LHanee 6biiu  nposedeHbl uccnedosaHusi no nodbopy u o0bocHosaHUw 0obasok
pacmumernibHO20 MPOUCXOXOeHUSI — KaK QyHKUUOHasIbHbIX KOMIOHEHMO8 8 peuernmype HO8020
guda oboecaweHHO20 MSs2Ko20 cbipa Onsi hyHKUUOHanbHo20 numaHus. [lo pe3ynbmamam
nposedeHHbIXx uccriedosaHull 8 Kadecmee yHKyUoHanbHolU 0obasku Ornsi  MosyYeHus
o0boz2aweHHo20 Msi2Ko20 cbipa bbina paspabomaHa MOI0YHO-pacmumersibHasi KOMMIo3uyusi
(Mono4YHo-besIKo8bIl  C2yCmOK U O080owjHasi rnacma) u ornpedesieHa €ee KOHUeHmpauusi 8
KOMIMOHEeHMHOM cocmage obo2aweHHHO20 MsieKoeo cbipa. B pe3ynbmame 6binu omobpaHbl
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