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CHOICE OF DISINFECTION METHOD FOR TRITICALE GRAIN
IN THE PROCESS OF SPROUT PRODUCTION

Abstract. The growing demand for food resources has led to increased interest in
using unconventional cereal crops in the production of various food and beverage products.
One crop that has attracted significant attention from researchers is triticale, a unique
hybrid. An important area in the production of functional foods is the use of raw materials
such as sprouted grains. Sprouted grains are highly nutritious and rich in vitamins,
minerals, and antioxidants, making them functional foods. However, during the sprouting
process, there is active growth of all types of epiphytic bacteria, microscopic fungi as well
as phytopathogenic fungi found in the germ zone, which can produce mycotoxins.
Therefore, ensuring the microbiological safety of sprouted grains is particularly important.
The aim of this study was to select an effective method for disinfecting organic triticale
grain during sprouting. Potassium permanganate and hydrogen peroxide solutions were
used as disinfectants. The research found that ensuring the microbiological safety of
sprouted triticale grain can be achieved by treating it with a 5% hydrogen peroxide
solution.

Keywords: triticale, sprouting, disinfection, microflora, grain.

Toimbayeva D.B., Temirova I.J., Aldieva A.B., Tarabaev B.K., Ospankulova G.H. Choice

/ of disinfection method for triticale grain in the process of sprout production // Mechanics
and Technology / Scientific journal. - 2024. - No0.3(85). - P.94-100.
https://doi.org/10.55956/BBNG9944

Introduction. Triticale is a unique crop obtained through the hybridization
of wheat and rye. Initially, triticale was used as a fodder crop and in the production
of ethanol. However, the growing demand for food resources has expanded its use
for producing dietary baked goods, pasta, malt, alcoholic beverages, yogurt [1-4].

Recent trends highlight the use of sprouted triticale grains in functional
foods due to their high nutritional value, richness in vitamins, minerals, and
antioxidants [5,6].
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Scientific literature [7,8] reports on the therapeutic and preventive effects of
sprouts on the human body, as well as their antidiabetic, anticancer, and
antioxidant properties [9,10]. According to existing recommendations, the length of
sprouts in grains used for food should not exceed 2 mm, as this length is associated
with the highest biological value of the grain [11-13].

Cereal crops contain a complex microflora, which is concentrated primarily
in the epiphytic layers of the grain and the germ, and it actively develops during the
sprouting process. The soaking stage plays a key role in terms of microbiological
safety, as it promotes the intensive multiplication of microorganisms, which
continues during grain sprouting. During sprouting, the viable count of bacteria,
microscopic fungi, and yeasts reaches its maximum [14,15]. For instance, the
number of microscopic fungi increases by 2.5-5 times, yeasts by 5-10 times, and
bacteria by 50-100 times [16].

In this regard, ensuring microbiological safety during the production of
sprouted grains is an important and relevant task. There are various methods for
reducing the microbial contamination of grains. These include physical (thermal
and radiation) and chemical (oxidizers, fumigants, enzyme inhibitors, and
mycotoxins) methods [17,18]. Seed disinfection is carried out using various
reagents such as sodium hypochlorite [19], chlorine dioxide, peroxy acids,
caprylic-capric and lactic acids, glycerol monolaurate [20], acetic acid [21],
chlorophyllin salts [22], and others.

However, the decontamination methods used for grains are not always
effective and safe, and the proposed new methods are difficult and not always
feasible to implement [23]. Moreover, the use of many reagents is not allowed in
organic production.

The aim of this study is to select an effective and safe method for
disinfecting organic triticale grain during sprouting.

Materials and methods. The research was conducted in the laboratory of
the S. Seifullin Kazakh Agrotechnical University. Triticale grain of the “Dauren”
variety with a moisture content of 9.0+0.1%, produced under organic conditions,
was used for the experiment. Potassium permanganate and hydrogen peroxide
solutions, which are permitted for use in organic production, were used as
disinfecting agents [24].

The total microbial contamination of the grain was determined using
standard methods [25,26], and the number of microorganisms was expressed as the
colony-forming units per gram of raw material (CFU/g). The obtained
microbiological data were compared with the requirements of the Customs Union
Technical Regulation TR CU 021/2011 “On Food Safety” [27].

The triticale grain was inspected, contaminants and foreign substances were
removed, and it was then washed in running water at a temperature of 20+£2°C with
three repetitions. Disinfection was carried out for 20 minutes in a 0.02% potassium
permanganate solution and in a 5% hydrogen peroxide solution, followed by
rinsing in distilled water. Soaking in distilled water was performed for 6 hours,
after which the water was drained using a sieve. The grain was then placed in
containers with perforated and covered filter paper bottoms for sprouting. Previous
studies had determined the optimal conditions for sprouting triticale grain
(temperature 20°C, duration 36 hours). Under these conditions, the sprout length
did not exceed 2 mm.

Sprouting for 24 hours was found to be insufficient for the emergence of
sprouts, while at 48 hours, the sprout length exceeded 5 mm. The obtained triticale
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sprouts were washed in distilled water and dried at 40°C for 24 hours. The process
of obtaining triticale grain sprouts is illustrated in Figure 1.

Without disinfection

|

Triticale grain l

|

Washing with water l

Disinfection with
KMnO4 (0.02%)

Disinfection with
H202 (5%)

Washing with distilled water

Soaking 6h

Sprouting at t-20°C, 36h

Washing

Drying

Fig.1. Scheme for obtaining sprouted triticale grains

Research results and discussion. The quantitative composition of the
microflora was assessed in the initial dry grain sample (Sample 1), in the sample
with water without treatment (Sample 2), in the sample treated with a 0.02%
potassium permanganate solution (Sample 3), and in the sample treated with a 5%
hydrogen peroxide solution (Sample 4). The results of the quantitative composition
of the microflora in triticale grain during sprouting in disinfecting solutions are

presented in Table 1.

Table 1

Quantitative Composition of Microflora in Triticale Grain During Sprouting in
Disinfecting Solutions

Name

Microbiological indicators

tMAFANM, CFU/g

Microscopic Fungi, CFU/g

Regulated Indicators According to

4
TR CU 021/2011 No more than 5x10 5x10
Sample 1: Initial Dry Grain 5,0x10° 2,9x10
Sample 2: No Treatment (Water) 8,5x10° 7,5%10
Smple 3: Treatment with a 0.02% 6
KMnOs4 Solution 7,110 3,3x10

. 1 0,

Sample 4: Treatment with a 5% 4,8x10° 1.2%10

H>O: Solution
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The research established that the total number of mesophilic aerobic and
facultative anaerobic microorganisms (referred to as cMAFANM) in the initial dry
triticale grain (Sample 1) was 5.0x10° CFU/g and the number of microscopic fungi
was 2.9x10 CFU/g. When the grain was sprouted in water without treatment
(Sample 2), cMAFAnM increased from 5.0x10° CFU/g to 8.5x10¢ CFU/g, and the
number of microscopic fungi increased from 2.9x10 CFU/g to 7.5%x10 CFU/g,
which is associated with their active growth during sprouting. Disinfection of
triticale grain in a 0.02% potassium permanganate solution resulted in a slight
reduction in cMAFANM and in microscopic fungi. Treatment with a 5% hydrogen
peroxide solution (Sample 4) significantly reduced cMAFAnM to 4.8x10* CFU/g
andthe number of microscopic fungi to 1.2x10 CFU/g.

The data on the germ zone of triticale grain after treatment with reagents are
presented in Figure 2, with water treatment used as the control.

I

Fig. 2. Microbiological analysis of the germ zone of triticale grain: A — treatment
with water, B — treatment with a 0.02% KMnO. solution, C — treatment with a 5%
H20: solution

The research revealed that the germ zone of triticale was affected by various
types of microorganisms, primarily microscopic fungi, as shown in Figure 2 (A).
When the grain was treated with water, 100% of the grain was found to be infected
with microscopic fungi and bacteria. Treatment with potassium permanganate
reduced the number of microorganisms affecting the germ zone to 42.8%.
Treatment with hydrogen peroxide resulted in complete disinfection.

The study concluded that treating triticale grain with a 0.02% potassium
permanganate solution slightly reduces the total number of epiphytic
microorganisms, but the results do not meet the safety requirements of TR CU
021/2011. Furthermore, potassium permanganate at the tested concentration did not
completely eliminate microorganisms affecting the germ zone of the grain. Thus,
the tested concentration of potassium permanganate solution is insufficient for
disinfecting grain during sprouting.

The use of hydrogen peroxide at a 5% concentration showed the best results.
These findings are consistent with studies reported in the scientific literature [28],
which indicate that the use of 3% hydrogen peroxide does not reduce the number of
epiphytic microorganisms to an acceptable safety level, whereas the use of
hydrogen peroxide at concentrations above 6% is relatively effective [29].
Additionally, the use of hydrogen peroxide effectively eliminated microorganisms
affecting the germ zone.

Conclusion. Thus, the assessment of microbial contamination in triticale
grain after sprouting established that the use of a 5% hydrogen peroxide solution
for pre-treatment provides maximum reduction of overall microbial contamination
in both the epiphytic and germ zones of the triticale grain. The results obtained
comply with the microbiological safety standards for grain as set by TR CU 021.
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1A.W. Bapaee ambIHAGFbI FblAbIMU-36pMMeEY aCMbIK WAPYALLbIbIFbIHbIH, FolAbIMU-
eHOAipicmik opmansirel, LLlopmaHObl aydaHsl, Hay4Hell aybinsi, AKMosaa 06bicbl,
KazakcmaH
2C. CelihynnuH ameiHAarbl Ka3aK a2pomexHUKansiK 3epmmey yHusepcumemi,
AcmaHa K., KazakcmaH

KOLLETTEPAI ANY NPOLECIHAE TPUTUKANE A2HIH
JE3VHOEKLUMANAY S/ICIH TAHOAY

AHpaTna. A3bIK-TYNiK pecypcTapbiHa CYpPaHbICTbIH, apTybl apTyp/i Tafamaap MeH
cycblHAAp eHaipiciHae AacTypAi emec AsHAI  Aakbingapabl nNalganaHyfa  AereH
KbI3bIFYLIbIMbIKTbIH, apTyblHa aKengi. TpuTUKane [aKblabl 3epTTeylinepaid, YAKeH
KbI3bIFYLUbINbIFBbIH TyAblpaabl. PYHKUMOHANAbIK GafbiTTaFbl TaMaK eHiMAepiH eHAipyaeri
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©3eKTi bafblTTapablH, 6ipi AHAI AaKbINAAPAbIH, KeleTTepi CUAKTbI WKKI3aT pecypcTapbiH
naaanaHy 6onbin Tabblnagabl. OCKEH ASHAEPAIH, TaFaMAbIK KYHAbIbIFbl KOFapbl XKoHe
A9pyMeHaepaid, MWHepangapAblH, aHTUOKCMAAHTTapAblH, ensyip Mmenwepi 6onagbl,
COHABIKTaH on1ap GYHKUMOHaNAbI TaFamaapFa KaTaabl. Analiga, eHy npoueciHae snuouTTi
b6aKTepuanap MeH MUKPOCKOMUANDBIK CaHblpayKyaKTapablH, 6apabiK TypAepiHiH, coHaan-
aK, MWKOTOKCMHAEPAIH eHAipywinepi 6ona anaTblH ypblK alMaFblHAA OPHanacKaH
¢duTONaTOreHAi caHpbipayKynakTapablH 6encenpi ecyi 6alikanagbl. OcblifaH 6ainaHbICTbI
OCKEH [2HAEPAIH MUKPOOMONOrMANBIK Kayinci3giriHi KamTamacbl3 eTy epeKlle ©3eKTi
6onbin Tabblnagbl. byn 3epTTeyaiH MaKcaTbl ©HY KesiHAe TpUTWMKane OpraHuMKasbIK
O9HAEpPiH Ae3nHbeKkuManayabiH TMiMai aAiciH TaHaay 6onabl. [e3snHdekuuanaylbl
peTiHae Kanuii nepmaHraHaTbl MEH CyTeri acKblH TOTbIFbIHbIH, EPITIHAINEPi KONAaHbINAbI.
3epTTeynep HITUMKECIHAE ©CKEH TPWUTMKane A3HiHIH MUKPOBMONOrUANBLIK KayincisairiH
KamMTamacbl3 eTyre CyTeri acKblH TOTbIfbiHbIH, 5% epiTiHAiCiMeH eHAaey apKblabl KON
YKeTKi3yre 601aTbIHAbIFbI aHbIKTANAbI.
TipeK ce3gep: TpUTUKANE, BHY, Ae3uHbeKLMA, MUKPOdIoPa, ACTbIK.
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BblBOP CMNOCOBA OBE33APAXXMBAHUA 3EPHA TPUTUKANE
B NPOLLECCE NOJTYYEHUA NPOPOCTKOB

AHHOTauuMA. PacTywmii cnpoc Ha NWLLEBble Pecypcbl MPMBEN K MOBbILEHHOMY
MHTEpPEeCy WCNO/Ib30BaHUA HETPAAMLMOHHbIX 3€PHOBbLIX Ky/lbTyp B NPOM3BOACTBE
Pas/NNYHbBIX MPOAYKTOB MWTAaHUA W HanWTKOB. Bonblwoi uHTEpec uccnemosartenen
BbI3bIBAET YHUKa/bHAA Ky/bTypa — TpUTUKane. O4HUM U3 aKTyasibHbIX HanpasJAeHUn npu
NPOM3BOACTBE MPOAYKTOB NUTAHMA  GYHKUMOHANbHOM HanpaBNeHHOCTU ABASAEeTCA
MCNO/NIb30BaHME TaKUX CbIPbEBbIX PECYPCOB KaK MPOPOCTKM  3EPHOBbLIX  KY/AbTyp.
MpopoleHHble 3epHa 061a4al0T BbICOKOW MWUTAaTENbHOW LEHHOCTbIO M 3HAYMTENbHbIM
KO/IMYECTBOM BWTAaMWMHOB, MMHEPANOB, AHTMOKCMAAHTOB, MO3TOMY OHM OTHOCATCA K
bYHKUMOHaNbHBIM NPOAYKTam nuTaHuA. O4HAKO BO Bpemsa npolecca npopalmBaHus
MPOUCXOAMNT aKTMBHbIA POCT BCEX BUAOB 3MUPUTHLIX BAKTEPUA M MUKPOCKOMUYECKUX
rpmMbos, a TakKe GUTONATOreHHbIX rPUMBOB, HAXOAALLMXCA B 3apO/AbILLIEBOM 30He, KOTopble
MOryT 6biTb MPOAYLEHTaMM MMKOTOKCMHOB. B cBA3M C yem, 0COBEHHO aKTyanbHbIM
Asnserca obecnedyeHne MUKpobuonornyeckor 6e30nNacHOCTM MPOPOLLEHHBIX 3epeH.
Llenblo  pgaHHOro  uccnefdosaHua — aBaanca  nogbop  adpdektmeHoro  cnocoba
obe33apaxkmnBaHUA OpPraHMYECKOro 3epHa TpUTMKane Npu npopawmsaHuMu. B KauecTtse
obessapaxkusateneil MCNONb30BANWUCL PACTBOPbI MepmaHraHata Kaauva W nepekucu
Bogopoja. B pesynbTate  uccnefoBaHMI  yCTaHOBAEHO, 4YTo  obecneyeHue
MUKPOBMONOrMyeckoin 6e30nacHOCTM MNPOPOLLEHHOrO 3epHa TPUTHMKale MOMKeT ObiTb
[OCTUTHYTO NyTem 0bpaboTku 5% pacTBOpOM NepeKucH BOSOPOAa.

KnioueBble cnosa: TpuUTUKane, NpopalusaHue, obessapaxkunsaHue, Mmkpodiopa,
3epHo.
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