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PETIJUMA AKTUALITATE

Medus ir produkts, kuru cilvéce izmanto kops seniem laikiem. Senas
tautas (senie grieki, kinie$i, &giptiesi, romie$i, maiji un babilonies$i) medu
patergja gan augstas uzturvertibas, gan arstniecisko Ipasibu dél (Samarghandian
et al., 2017). Medus galvenokart sastav no tidens un oglhidratiem, kas nodrosina
produkta augsto energisko vértibu. Papildus oglhidratiem medus satur dazadus
citus kimiskus savienojumus, pieméram, brivas aminoskabes, olbaltumvielas,
vitaminus, mineralvielas, dazadus fenolu un gaistoSos savienojumus. Ta kimiska
sastava dé] medum raksturiga prebiotiska iedarbiba, antioksidativas,
antibakterialas, pretvirusu, pretiekaisuma, imiinmodulgjosas ipasibas (Miguel et
al., 2017).

Pedgjo gadu laika uztura izraisita aptaukoSanas un tas izraisitie vielmainas
trauc€jumi, pieméram, 2. tipa diabéts, ir globala probléma. Viens no galvenajiem
celoniem ir paaugstinats cukurotu partikas produktu un dz€rienu paterin$ (van
Dam et al., 2020). Problémas risinasanai veselibas organizaciju eksperti ir
ieteikusi samazinat pievienota cukura paterinu ikdiena (Hagger et al., 2017).

Saharoze ir viens no visplasak uztura lietotajiem cukuriem. Saharozei ir
butiska loma cilvéka uztura, jo saharozes sastava eso$a monosaharida glikozes
metabolisms nepiecieSams adenozina trifosfata un citu biologiski aktivu
molekulu sintézei (Castro-Mufioz et al., 2022). Saharozi iegiist no cukurbietém
vai cukurniedru sulas, kuras rafinéSanas procesa produkts zaudé biologiski
aktivos savienojumus (Singh et al., 2015). Saharozes aizvieto$ana ar medu tiek
piedavats ka viens no risingjumiem cukura patérina samazinasanai. Medu
izmanto dazadu partikas produktu: ka konditorejas izstradajumu, uzkodu,
graudaugu produktu, bezalkoholisko dz€rienu razoSana un alus braveésana.
Dabiskas saldvielas plasu izmantoSanu partikas riipnieciba un farmacija ierobezo
ta fizikalas 1pasibas: augsta viskozitate un blivums.

Dehidréts medus ir alternativa Skidram medum, kura razoSana lautu
paplasinat medus izmantoSanu partikas ripnieciba, piem&ram, sauso maisjumu
razoSana. Medus dehidréSanas process ir sarezgits, jo to apgritina augstais
fruktozes un glikozes saturs. Iegiistot dehidrétu medu, to iesp&jams izmantot ne
tikai partika, bet ari farmacija, kosmétikas razoSana. Tada veida tiktu paplaSinata
Latvijas medus razotaju konkurétsp&ja Eiropa un pasaulé.

Promocijas darba hipotéze: dehidréta medus kvalitati ietekmé kalté$anas
metode, nesgjvielas veids un tas koncentracija.

Promocijas darba hipoteze tika pieradita ar aizstavamam teézém.

1. Medus kvalitate ietekm& medus piemérotibu dehidrésanas procesam.

2. Izsmidzinasanas kaltéSana un sublimacija ir piemé&rotas metodes

dehidréta medus iegiisanai.

3. Nesgjviela un tas koncentracija ietekmé dehidréta medus iznakumu.



4. Kaltesanas metode, nes€jviela un tas koncentracija ietekmé dehidréta
medus fizikalas un kimiskas 1pasibas.

Promocijas darba mérkis ir iegiit dehidrétu medu un noteikt iegtita

produkta kvalitates raditajus.

Promocijas darba mérka sasnieg$anai izvirziti $adi uzdevumi:

1) izvéleties piemérotako medu dehidrésanai;

2) iegit dehidrétu medu, izmantojot izsmidzina$anas un sublimacijas
kaltes;

3) analizét izmantoto nesg€jvielu un to koncentraciju ietekmi uz medus
dehidrésanas procesu;

4) noteikt diastazes un invertazes aktivitati medd un dehidréta medu;

5) noteikt 5-hidroksimetilfurfurola koncentraciju medi un dehidréta
medu;

6) noteikt prolina, fenolu savienojumu, organisko skabju saturu medi un
dehidréta meda;

7) noteikt dehidréta medus fizikalos raditajus: Gdens saturu, tdens
aktivitati, higroskopiskumu, samitrinamibu, plastamibu un $kidibu
fident.

Promocijas darba novitate.

Pirmo reizi Latvija veikti petijumi par dehidréta medus iegiiSanu un pétita

dehidréta medus kvalitate.

Promocijas darba tautsaimnieciska nozime.

1. Dehidréta medus razoSana var dod iesp&u Latvijas biskopjiem
palielinat bisu saimju skaitu un sekmét biskopibas nozares attistibu
valsti;

2. Dehidréta medus razoSana dod iesp€ju paplasinat biskopibas produktu
klastu, piedavajot izmantoSanu partikas ripnieciba, farmacija un
kosmétikas razo$ana;

3. Izmantojot dehidrétu medu, iespgjams samazinat saharozes paterinu,
sniedzot paterétajiem veseligu cukura aizvietotaju.

Promocijas darba izstrade lidzfinanséta:

» Latvijas Lauksaimniecibas universitates pé&tniecibas programma
“Zinatnes kapacitates stiprinasana LLU”. Projekts “Dehidréta medus
iegliSana un kvalitate”. Projekta Nr. Z35. Liguma Nr. 3.2-
10/2019/LLU/140.

* FEiropas Sociala fonda projekts Nr. 8.2.2.0/18/A/014 “LLU
akadémiska personala pilnveidoSana”.
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ZINATNISKA DARBA APROBACIJA

Petijuma rezultati apkopoti un publicéti 6 recenzetos zinatniskos

izdevumos, kuri indekseti SCOPUS un/vai Web of Science datubazes:

1.

Keke A., Cinkmanis I. (2022) Changes in the content phenolic compounds
in honey after spray drying. Proceedings of Latvian Academy of Sciences,
Section B, Vol. 76 (2022), No. 1 (736), pp. 157-160 DOI: 10.2478/prolas-
2022-0024;

Keke A., Cinkmanis 1. (2022) Comparison of individual phenolic
compounds in freeze-dried and spray-ried honey powders. Journal of
Hygienic Engineering and Design, Vol. 38, pp. 187-191. UDC:
638.162:547.56]:66.047.3;

Keke A., Cinkmanis I. (2021) Total phenolic content and antiradical activity
of honey powders. 27" Annual International Scientific Conference
“Research for Rural Development 2021”. International Scientific
Conference Proceedings, Vol. 36, Latvia University of Life Sciences and
Technologies, Jelgava, Latvia, pp. 104-110. DOl:
10.22616/rrd.27.2021.015;

Keke A., Cinkmanis I. (2020) a-Amylase activity in freeze-dried and spray-
dried honey. 26" Annual International Scientific Conference “Research for
Rural Development 2020”7, International Scientific =~ Conference
Proceedings, Vol. 35, Latvia University of Life Sciences and Technologies,
Jelgava, Latvia, pp. 112-117. DOI: 10.22616/rrd.26.2020.017;

Keke A., Cinkmanis 1. (2020) Changes in a-amylase activity in honey
during the freeze-drying process. Agronomy Research, Vol. 18 (S3),
pp.1717-1726. DOI: 10.15159/AR.20.042;

Keke A., Cinkmanis I. (2019) Determination of organic acids in honey
samples from Latvian market by high-performance liquid chromatography.
25" Annual International Scientific Conference “Research for Rural
Development 2019 ", International Scientific Conference Proceedings, Vol.
1, Latvia University of Life Sciences and Technologies, Jelgava, Latvia, pp.
229 —233. DOI: 10.22616/rrd.25.2019.034.

Par pétijuma rezultatiem zinots 7 starptautiskas zinatniskajas konferences

Latvija, Igaunija un Niderlandg:

1.

Keke A., Cinkmanis I. (2021) Total phenolic content and antioxidant
activity of honey powders. 271" Annual International Scientific Conference
“Research for Rural Development 20217, 12.-13.05.2021., Jelgava, Latvija
(E-stenda referats / E-poster presentation);

Keke A., Cinkmanis I. (2020) Changes in phenolic content of honey during
spray-drying process. 3™ International Scientific Conference "Nutrition and
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Health", 9.-11.12.2020., Riga, Latvija (E-stenda referats / E-poster
presentation);

3. Keke A., Cinkmanis 1. (2020) a-amylase activity in freeze-dried and spray-
dried honey. 26" Annual International Scientific Conference “Research for
Rural Development 20207, 13.-15.05.2020., Jelgava, Latvija (E-referats / E-
poster presentation);

4. Keke A., Cinkmanis I. (2020) Changes in a-amylase activity in honey
during the freeze-drying process. 11" International Conference “Biosystems
Engineering 2020”, 6.-8.05.2020., Tartu, Igaunija (E-stenda referats / E-
poster presentation);

5. Keke A., Cinkmanis I. (2019) Determination of Individual Phenolic
Compounds in Latvian Honey by HPLC-DAD. 33 EFFoST International
Conference, 12.-14.11.2019., Roterdama, Niderlande (Stenda referats /
Poster presentation);

6. Keke A., Cinkmanis I. (2019) Determination of organic acids in honey
samples from Latvian market by high-performance liquid chromatography.
25" Annual International Scientific Conference “Research for Rural
Development 20197, 15.-17.05.2019., Jelgava, Latvija (Mutisks zinojums /
Oral presentation)

7. Keke A., Cinkmanis I. (2019) Total phenolic and flavonoid content,
antioxidant activity, and colour of honey samples from Latvian market.
FoodBalt 2019: 13" Baltic Conference on Food Science "FOOD.
NUTRITION. WELL-BEING" and NEEFood 2019: 5" North and East
European Congress on Food, 2.-3.05.2019. (E-stenda referats / E-poster
presentation)

Promocijas darba pétijuma rezultati prezentéti starptautiskajas partikas,
dz@rienu, partikas parstrades, tehnologiju, iepakojuma, inovaciju, sabiedriskas
€dinasanas, viesnicu un veikalu aprikojuma un servisa izstadés ‘“Riga Food
20197, “Riga Food 20207, “Riga Food 2021” un izgudrojumu un inovaciju
festivala “MINOX Zemgale 2020”.

MATERIALI UN METODES

Pétijuma norises laiks un vieta

Pétijums veikts laika perioda no 2018. gada septembra Iidz 2022. gada
aprilim. Eksperimentalais darbs veikts §adas Latvijas Biozinatnu un tehnologiju
universitates (ieprieks Latvijas Lauksaimniecibas universitates)
struktlirvienibas:
e  Partikas tehnologijas fakultates Kimijas katedras laboratorijas,



e Partikas tehnologijas fakultates Partikas tehnologijas katedras Procesu un
iekartu laboratorija,
e Biotehnologiju zinatniskas laboratorijas Viedo tehnologiju nodala.

Pétijuma objekts - dehidréts medus. Dehidréta medus iegliSanai izmantots
Latvija 2018. gada ievakts ziedu medus paraugs.

Pétijuma struktiira
Pettjums veikts tris posmos. P&tjjuma galvenie posmi apkopoti 1. tabula.

1.tabula/ Table 1
P&étljuma posmi / Stages of the research

Posms / Stage Apraksts / Description

Medus atlase dehidrésanai / Selection of honey for

I posms / Stage | dehydration

Il posms / Stage |1 Dehidréta medus iegtiSana / Obtaining dehydrated honey

Dehidréta medus kvalitates izpéte / Study of the dehydrated

111 posms / Stage 111 honey quality

Pétijuma I posma tika veikta medus atlase dehidré$anai. Pétijjuma posms
tika sadalits tris solos:

1. solis. Medus paraugu iegade un nogadasana laboratorija. P&tijjuma
istenoSanai sagadati 18 dazada veida medus paraugi (skatit 2. tabulu).

2. solis. Tegadato medus paraugu kvalitates raditaju noteikSana.
Noteiktie kvalitates raditaji apkopoti 6. tabula (skatit 1.-12. punktu).

3. solis. Medus parauga izvéle dehidrésanas eksperimentiem. Medus
paraugu izvelgjas, izmantojot daudzkriteriju l€mumu pienemsanas metodi.
Izveletie kritériji apkopoti sadala “Datu statistiska analize”.

2. tabula / Table 2
Pétijuma izmantotie medus paraugi / Honey samples used in the research

RazoS$anas
Paraugs/ | Medus veids / gads / Valsts / Regions /
Sample | Type of honey Production Country District
year
Dazadu ziedu Latvija/
M1 / Multifloral 2018 Latvia Zemgale




2. tabulas turpinajums / Continuation of the Table 2

Paraugs/ | Medus veids / RaZo$anas Valsts / Regions /
Sample | Type of honey gads / Country District
Production
year
Dazadu ziedu Latvija/
M2 / Multifloral 2018 Latvia Zemgale
Dazadu ziedu Latvija/
M3 |/ Mmuttifloral 2018 Latvia Latgale
Dazadu ziedu Latvija*/ Nav noradits**/
M4 / Multifloral 2018 Latvia* Not specified**
Dazadu ziedu Latvija*/ Nav noradits**/
M5 / Multifloral 2018 Latvia* Not specified**
Dazadu ziedu Latvija*/ Nav noradits**/
M6 / Multifloral 2018 Latvia* Not specified**
Dazadu ziedu Latvija / -
M7 / Multifloral 2018 Latvia Vidzeme
Akaciju / Tadzikistana .
M8 Acacia 2018 / Tajikistan Baljuvor
Dazadu ziedu Latvija/
MS |/ Mmuttifloral 2018 Latvia Latgale
Dazadu ziedu Latvija*/ Nav noradits**/
MI0 | Mmultifloral 2018 Latvia* Not specified**
M11 Meza ziedu / 2019 LatVIJ_a / Kurzeme
Forest flower Latvia
Griku / Latvija /
M12 Buckwheat 2018 Latvia Kurzeme
Griku / Latvija /
M13 Buckwheat 2019 Latvia Zemgale
M14 Liepziedu / 2019 Latvija/ Kurzeme
Linden flower Latvia
Dazadu ziedu Latvija/ .
M15 / Multifloral 2018 Latvia Vidzeme
Kastanu / s . -
M16 Chestnut 2019 Italija / Italy Sicilija / Sicily
Dazadu ziedu Latvija*/ Nav noradits**/
M17 / Multifloral 2019 Latvia* Not specified**
Dazadu ziedu lgaunija / -
M8 | Muttifloral 2019 Estonia Vorumaa

* paraugs iegadats lielveikala / Sample was bought in supermarket

** ES valstis un arpus ES valstim raZota medus maisijums / Blend of EU and non-EU

honeys

Pétijuma II posma tika iegits dehidréts medus. P&tjjuma posms tika
realiz@ts tris solos:



1. solis. Nesgjvielu atlase dehidré$anai. Maltodekstrins (DE=4.0-7.0),
maltodekstrins (DE=10.4), D-mannitols, stikalu olbaltumvielu hidrolizats tika
izveletas ka nesgjvielas medus dehidrésanas eksperimentiem.

2. solis. Medus un neséjvielu maisijumu sagatavosana. Dehidrésanas
eksperimentiem pagatavoto skidumu sastavs un koncentracijas apkopotas 3.
tabula.

3. tabula/ Table 3
Medus un nesgjvielu attiectba $kiduma / Honey and carrier ratio in the

solution
Medus un nes€jvielas Skiduma
Nesgjviela / Carrier attieciba §l§idun_1§/ koncentll'ﬁcija/
Honey and carrier Concentration of the
ratio in the solution solution, %
Maltodekstrins (DE= 4.0-7.0)/ 50:50 30
Maltodextrin (DE= 4.0-7.0) 25.75
Maltodekstrins (DE= 10.4)/ 50:50 20
Maltodextrin (DE= 10.4) 25:75
Stikalu olbaltumvielu hidrolizats/ 50:50 20
Whey protein hydrolysate 25:75
60:40 10
. . 50:50
D-Mannitols/ D-Mannitol 2575 10
Maltodekstrins (DE= 4.0-7.0) : 60:39:1
Stikalu olbaltumvielu hidrolizats/ T 10
Maltodextrin (DE= 4.0-7.0) : 20:10:20
Whey protein hydrolysate T
Maltodekstrins (DE=10.4) : 60:39:1
Stkalu olbaltumvielu izolats/ T 10
Maltodextrin (DE=10.4) : Whey .
. 70:10:20
protein hydrolysate

3. solis. Pagatavoto medus un neséjvielu maisijumu kaltéSana,
izmantojot izsmidzinaSanas un sublimacijas kaltes.
Dehidréta medus iegiiSana, izmantojot sublimdcijas kalti. Medus un

nesgjvielas maisjumu tdens $kidumus (skatit 3. tabulu) iepildija partikas
produktu sasald€Sanai paredzetos traukos un uzglabaja -20+1 °C temperatira
divas dienas. P&c divam dienam paraugus kaltgja, izmantojot sublimacijas kalti
ALPHA 1-2 LDplus (MARTIN CHRIST Gefriertrocknungsanlagen GmbH,
Vacija). Kaltesana tika veikta §ados apstaklos:

* ledus kondensatora temperatira: -50.6 °C,

« spiediens: 0.036 mbar,

« kalteSanas ilgums: 72 stundas
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Dehidréta  medus  iegiiSana, izmantojot
Izsmidzinasanas kalté$anai izmantoja 3. tabula apkopotos medus un nesgjvielu
maistjumu tidens $kidumus. Kalté$ana tika veikta izsmidzinasanas kalte BUCHI
mini B-290 (Labortechnik AG, Sveice). Skidumi kaltganas laika tika vienmé&rigi
maistti, izmantojot magn&tisko maisitaju BIOSAN MS-3000 (Biosan, Latvija).
Kaltesana tika veikta $ados apstaklos:

* sprauslas izmérs: 1.2 mm,

* gaisa pliismas atrums: 670 L h?,
* parauga padeves atrums: 18 mL min,
* iepliistosa un izplistosa gaisa temperatira: skatit 4. tabulu

izsmidzinasanas  kallti.

4. tabula/ Table 4

IzsmidzinaSanas kaltéSanas apstakli atkariba no izmantotas neséjvielas /
Conditions of spray drying depending on the used carrier

Nesgjviela / Carrier

Iepliistosa gaisa
temperatiira / Inlet
air temperature,°C

Izpliistosa gaisa
temperatiira / Outlet
air temperature, °C

Maltodekstrins (DE= 4.0-7.0) /

Maltodextrin (DE= 10.4) and
whey protein hydrolysate

Maltodextrin (DE= 4.0-7.0) 185 80
Maltodekstrins (DE=10.4) /
Maltodextrin (DE= 10.4) 170 n
Stikalu olbaltumvielu hidrolizats / 130 75
Whey protein hydrolysate
D-Mannitols/ D-Mannitol 135 70
Maltodekstrins (DE= 4.0-7.0) un
stikalu olbaltumvielu izolats / 175 80
Maltodextrin (DE= 4.0-7.0) and
whey protein hydrolysate
Maltodekstrins (DE= 10.4) un
stkalu olbaltumvielu izolats / 170 78

Petfjuma III posma tika pétita ieglito dehidréta medus paraugu kvalitate.
Dehidréta medus paraugiem noteikti dazadi fizikalie un kimiskie raditaji:

* prolina koncentracija,
 invertazes aktivitate,
« diastazes aktivitate,

« individualie fenolu savienojumi,

« organisko skabju saturs,

* 5-hidroksimetilfurfurola koncentracija.

udens saturs,
udens aktivitate,
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* higroskopiskums,

« tilpummasa,

* sablivéto dalinu blivums,

* plistamiba,

* skidiba tident,

* samitrinamiba.

Izsmidzinasanas kalté iegitiem paraugiem papildus veikta morfologijas
analize.

legtitie rezultati par dehidréta medus fizikalajiem un kimiskajiem
raditajiem tika izmantoti iegtita produkta kvalitates novértéjumam. Lai atvieglotu
rezultatu reprezentaciju, dehidréta medus paraugiem pieskirti apzim&jumi.
Apzimejumi apkopoti 5. tabula.

5. tabula / Table 5
Dehidréto medus paraugu apziméjumi / Designation of the dehydrated
honey samples

Apzimgjums / Designation Parauga sastavs / Composition of the sample
Medus un maltodekstrins (DE=4.0-7.0)
50:50 M:MD(DE=4-7) attieciba 50:50/ Honey and maltodextrin

(DE=4.0-7.0) ratio of 50:50

Medus un maltodekstrins (DE=4.0-7.0)
25:75 M:MD(DE=4-7) attieciba 25:75/ Honey and maltodextrin
(DE=4.0-7.0) ratio of 25:75

Medus un maltodekstrins (DE=10.4) attieciba

50:50 M:MD(DE=10.4) 50:50/ Honey and maltodextrin (DE=10.4) ratio
of 50:50
Medus un maltodekstrins (DE=10.4) attieciba
25:75 M:MD(DE=10.4) 25:75/ Honey and maltodextrin (DE=10.4) ratio
of 25:75

Medus un stikalu olbaltumvielu hidrolizats
50:50 M:SPH attieciba 50:50/ Honey and whey protein
hydrolysate ratio of 50:50

Medus un stikalu olbaltumvielu hidrolizats
25:75 M:SPH attieciba 25:75/ Honey and whey protein
hydrolysate ratio of 25:75

Medus un stikalu olbaltumvielu hidrolizats
60:40 M:SPH attieciba 60:40 / Honey and whey protein
hydrolysate ratio of 60:40
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5. tabulas turpinajums / Continuation of the Table 5

Apziméjums / Designation

Parauga sastavs / Composition of the sample

50:50 M:MN

Medus un mannitols attieciba 50:50 / Honey and
mannitol ratio of 50:50

2575 M:MN

Medus un mannitols attieciba 25:75 / Honey and
mannitol ratio of 25:75

60:39:1 M:MD(DE=4-7):SPH

Medus un maltodekstrins (DE=4.0—-7.0), un
stikalu olbaltumvielu hidrolizats attieciba
60:39:1/ Honey and maltodextrin (DE=4.0-7.0)
and whey protein hydrolysate ratio of 60:39:1

70:10:20 M:MD(DE=4-7):SPH

Medus un maltodekstrins (DE=4.0-7.0), un
stikalu olbaltumvielu hidrolizats attieciba
70:10:20/ Honey and maltodextrin
(DE=4.0-7.0) and whey protein hydrolysate
ratio of 70:10:20

60:39:1 M:MD(DE=10.4):SPH

Medus un maltodekstrins (DE=10.4), un siikalu
olbaltumvielu hidrolizats attieciba 60:39:1/
Honey and maltodextrin (DE=10.4) and whey
protein hydrolysate ratio of 60:39:1

70:10:20 M:MD(DE=10.4):SPH

Medus un maltodekstrins (DE=10.4), un stikalu
olbaltumvielu hidrolizats attieciba 70:10:20/
Honey and maltodextrin (DE=10.4) and whey
protein hydrolysate ratio of 70:10:20

DE - dekstrozes ekvivalents / dextrose equivalent; M — medus / honey; MD —
maltodekstrins / maltodextrin; MN — mannitols / mannitol; SPH — sukalu olbaltumvielu

hidrolizats / whey protein hydrolysate

Pétijuma izmantotas analiZu metodes
Petfjuma izmantotas analizu metodes apkopotas 6. tabula.

6. tabula / Table 6

Petijuma izmantotas analtzu metodes / Analytical methods used in the

research
Nr.p.k./ Analizétais raditajs / Analyzed Metode / Method
No. parameter
1. Cukuru saturs / Sugar content Yilmaz et al., 2014**
- Zhang et al., 2012; Subtil et
2. Udens saturs / Water content al., 2014%
3 Udent neslgls_tosu vielu saturs / Content of IHC* 8:2009
insoluble matter
4. Elektrovaditsp&ja / Electrical conductivity IHC* 2:2009
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6. tabulas turpinajums / Continuation of the Table 6

Nr.p.k./ Analizétais raditajs / Analyzed Metode / Method
No. parameter
5. Kopgjo skabju saturs / Free acidity IHC* 4.1:2009
6. Diastazes aktivitate / Diastase activity T-AMZHY 05/14
5-Hidroksimetilfurfurola koncentracija / o
! Concentration of 5-hydroxymethylfurfural Leeetal., 2014
8 Ipatngjais griesanas lenkis / Specific IHC* 11:2009
rotation
9 Prolina koncentracga}/ Concentration of IHC* 10:2009
proline
10. Mineralvielu saturs / Ash content IHC* 3:2009
11. Invertazes aktivitate / Invertase activity IHC* 9:2009
12. pH IHC* 4.1:2009
13. Organiskas skabes / Organic acids Keke & Cinkmanis, 2019
14, Individualie fenolu savienojumi / Tang etal.,, 2018

Individual phenolic compounds
15. Udens aktivitate / Water activity FDA, 2014!
Goula & Adamopoulos,

16. Higroskopiskums / Hygroscopicity 2010; Nurhadi & Roos, 2016
17. Samitrinamiba / Wettability Samborska et al., 2015
18. Tilpummasa / Bulk density Kapoor & Feng, 2022
19. Sablivéto dalinu blivums / Tapped density USP,2015?

20. Plustamiba / Flowablity Lee & Yoo, 2020

21. Skidiba ideni / Water solubility Irigoiti et al., 2021

22 Dalinu morfologija / Morphology of mi&gﬁ%ﬁ?:}gﬁ;ﬁ?ng

particles .
electron microscopy

* |HC - Starptautiska medus komisija / Internation Honey Commission
** Metodes modifikacija aprakstita Keke & Cinkmanis, 2020 / Modification of the method
described in Keke & Cinkmanis, 2020

Datu statistiska analize

P&ttjuma eksperimenti tika veikti trTs atkartojumos. legitie rezultati tika
izteikti ka vidgja aritm@&tiska vertiba + stardartnovirze. Datu statistiskai apstradei
izmantota viena faktora un divu faktoru dispersijas analize ANOVA un Tukija
tests. Datu buitiskums tika raksturots ar p vértibu. Ja p>0.05, tad faktors rezultatu

! Water Activity (aw) in Foods [tieSsaite / online] [skatits / viewed 15.06.2021.] Iegiits no
/ obtained from https://www.fda.gov/inspections-compliance-enforcement-and-criminal-
investigations/inspection-technical-guides/water-activity-aw-foods

2BULK DENSITY AND TAPPED DENSITY OF POWDERS [tiessaite / online] [skatits
/ viewed 14.06.2021.] Tegits no / obtained from
https://www.usp.org/sites/default/files/usp/document/harmonization/gen-

chapter/bulk density.pdf
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butiski neietekmé. Ja p<0.05, faktors rezultatu bitiski ietekm&. Pirsona
koeficients tika izmantots korelacijas raksturosanai.

Izmantojot daudzkritériju lémumu pienems$anas metodi, tika izvélets
piemérotakais medus dehidréSanas eksperimentiem. Izveéles veikSanai tika
definéti pozitivie un negativie kriteriji. Ka pozitivos kritérijus izvelgjas tadus
medus kvalitati raksturojoSus raditajus, kuru maksimalas vértibas ir vélamas.
Pozitivie kriteriji:

e prolina koncentracija,

e invertazes aktivitate,

¢ reducgjoso cukuru saturs,

o diastazes aktivitate.

Savukart ka negativos kriterijus izvelgjas tadus raditajus, kuru minimalas
vertibas ir vélamas. Negativie kriteriji:

o 5-hidroksimetilfurfurola koncentracija,

e Gidens saturs,

e saharozes saturs,

o clektrovaditspéja,

o fidenT neskistoSo vielu saturs,

o kopgjo skabju saturs.

Aglomerativa hierarhiska klasteru analize izmantota, lai noteiktu lidzibas
starp dehidréta medus paraugiem péc to fizikalajiem un kimiskajiem raditajiem.
Galveno komponentu analize izmantota, lai analiz€tu individualo fenolu
savienojumu koncentracijas datu dispersiju.

Rezultatu apstradei un to reprezentacijai izmantotie attélu un tabulu
izveidei izmantotas lietojumprogrammas: Microsoft 365 Excel un
R (4.2.1. versija) un RStudio (4.2.1. versija).

REZULTATI UN DISKUSIJA

1. Medus paraugu atlase dehidrésanai

Petfjuma I posma merkis bija atlastt dehidréSanas eksperimentiem
piemérotako medus paraugu. Kopuma analizéti 18 dazadi medus paraugi, kurus
iegadajas no Latvijas un citu Eiropas Savienibas dalibvalstu biskopjiem, Latvijas
lielveikalos un vienu medus paraugu sanéma ka davinajumu no tre$as pasaules
valsts  biSkopja. Medus paraugu raksturojums pé€c to izcelsmes,
ievaksSanas/raZzoSanas gada un veida apkopots 2. tabula.

Medus paraugu kvalitate noverteéta atbilstoSi Latvijas Republikas
Ministru kabineta noteikumiem Nr. 251/2015 “Kvalitates, klasifikacijas un
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papildu mark&uma prasibas medum” un Starptautiskas medus komisijas
noradijumiem.

Analizgjot iegiitos datus par pétito medus paraugu kvalitati, izveleti
paraugi dehidré$anas eksperimentiem. Apkopojums par medus paraugu
piemérotibu dehidré$anai paradits 7. tabula.

7. tabula/ Table 7
Medus paraugu piemérotiba dehidréSanai / Honey samples’ suitability for
dehydration

Piemérotiba
Paraugs / dehidrésanai /
Sampgie Suitability for lemesls / Reason
dehydration
Kwvalitates raditaji atbilst noteikumiem /
M1 v The quality parameters comply with
regulations
M2 « Zema diastazes aktivitate, DN<8 / Low

diastase activity, DN<8

Udens saturs parsniedz 20%,

5-HMF koncentracija parsniedz

M3 x 40 mg kgt / Water content is higher
than 20%, 5-HMF concentration is
higher than 40 mg kg

Zema diastazes aktivitate, DN<8 / Low
diastase activity, DN<8

Zema diastazes aktivitate, DN<8,
5-HMF koncentracija parsniedz

M5 x 40 mg kg / Low diastase activity,
DN<8, 5-HMF concentration is higher
than 40 mg kgt

Zema diastazes aktivitate, DN<8 / Low
diastase activity, DN<8

Kvalitates raditaji atbilst noteikumiem /
M7 v The quality parameters comply with
regulations

Kvalitates raditaji atbilst noteikumiem /
M8 v The quality parameters comply with
regulations

Kvalitates raditaji atbilst noteikumiem /
M9 v The quality parameters comply with
regulations

M4 x

M6 x
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7. tabulas turpingjums / Continuation of the Table 7

Piemérotiba
Paraugs / dehidresanai / lemesls / Reason
Sample Suitability for
dehydration
Zema diastazes aktivitate, DN<8,
5-HMF koncentracija parsniedz
M10 x 40 mg kg / Low diastase activity,
DN<8, 5-HMF concentration is higher
than 40 mg kg*
Kvalitates raditaji atbilst noteikumiem /
M11 v The quality parameters comply with
regulations
Kvalitates raditaji atbilst noteikumiem /
M12 v The quality parameters comply with
regulations
Kwvalitates raditaji atbilst noteikumiem /
M13 v The quality parameters comply with
regulations
Kvalitates raditaji atbilst noteikumiem /
M14 v The quality parameters comply with
regulations
Kwvalitates raditaji atbilst noteikumiem /
M15 v The quality parameters comply with
regulations
Kvalitates raditaji atbilst noteikumiem /
M16 v The quality parameters comply with
regulations
Kvalitates raditaji atbilst noteikumiem /
M17 v The quality parameters comply with
regulations
Kvalitates raditaji atbilst noteikumiem /
M18 v The quality parameters comply with
regulations

v' Medus ir piemérots talakai apstradei (dehidréSanai) / Honey is suitable for further
processing (dehydration);
% Medus nav piemerots talakai apstradei (dehidrésanai) / Honey is not suitable for further
processing (dehydration)

Dehidrésanas eksperimentiem piemérotako medus paraugu izvelgjas,
izmantojot daudzkriteriju lemumu pienemsanas (multi-criteria decision making)
metodi. Lai izvertetu medus paraugus, tie tika noverteti pec desmit kriterijiem
(skattt sadalu “Datu statistiska analize”).

Medus paraugi tika salidzinati p&c to kritériju vérté§jumu summam. M13
medus paraugs uzradija augstako kriteriju summu — 0.605 —, lidz ar to tas tika
uzskatits par piemérotako dehidrésanai. Sis medus péc floralas izcelsmes ir griku
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ziedu medus. Griku ziedu medum raksturiga specifiska smarza un garsa. Griku
ziedu medus sensoro 1pasibu dé] M13 paraugu dehidrésanas eksperimentiem
neizveélgjas. Dehidré$anai izvélgjas M1 medus paraugu, kur§ kritériju
izvertéjuma uzradija treso augstako summu. M1 paraugs ir dazadu ziedu medus,
kas tika ievakts 2018. gada Zemgalé. Medus paraugu, kur$ izvertéjuma uzradija
otru augstako summu, neizvelgjas nepietickamas kvantitates deél, jo netiktu
nodrosinata dehidréSanas eksperimentu atkartojamiba.

2. Nesgjvielas un to koncentracijas ietekme dehidréta medus
ieguve, izmantojot izsmidzinasanas un sublimacijas kaltes

Dehidréta medus iegtiSanai izmantotas divas metodes: izsmidzinaSanas
kaltésana un sublimacija. Medus dehidré$anas procesa TistenoSanai tam
pievienoja nesgjvielas. Nesgjvielas dehidréSanas procesa pievieno ar mérki
palielinat produkta stikloSanas temperatiiru un samazinat to higroskopiskumu,
iegiistot stabilu dehidrétu produktu (Subtil et al., 2014).

P&tljuma dehidréta medus iegliSanai izmantots maltodekstrins ar
atskirigam dekstrozes ekvivalenta (DE) vértibam: DE=4.0-7.0 un DE=10.4.
Izsmidzinasanas kalt€Sanas un sublimacijas eksperimentiem sagatavotie skidumi
satur§ja medu un maltodekstrinu dazadas attiecibas: 50:50 un 25:75.
Izsmidzinasanas kalt€$anas un sublimacijas iznakumi paraditi 1. un 2. attgla.

50

Ho

40 - c

30 - d
20 -

IzsmidzinaSanas kaltéSanas
iznakums / Spray drying yield, %

10 -

0

50:50 25:75
Medus un maltodekstrina attieciba / Honey's and maltodextrin's ratio

Maltodekstrins (DE= 4.0-7.0) / Maltodextrin (DE= 4.0-7.0)
B Maltodekstrins (DE= 10.4) / Maltodextrin (DE= 10.4)

1. att. Izsmidzinasanas kaltéSanas iznakums atkariba no maltodekstrina
DE / Fig. 1 Spray drying yield depending on the maltodextrin’s DE
Atskirgi burti norada, ka starp vidéjam vertibam pastav butiska atSkiriba (p<0.05) /

Different letters indicate a significant difference in the mean values (p<0.05)
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S Medus un maltodekstrina attieciba / Honey and maltodextrin's ratio

Maltodekstrins (DE= 4.0-7.0) / Maltodextrin (DE= 4.0-7.0)
B Maltodekstrins (DE= 10.4) / Maltodextrin (DE= 10.4)

2. att. Sublimacijas iznakums atkariba no maltodekstrina DE / Fig. 2
Freeze-drying depending on maltodextrin’s DE
AtskirTgi burti norada, ka starp vidéjam vertibam pastav bitiska atSkiriba (p<0.05) /
Different letters indicate a significant difference in the mean values (p<0.05)

Dehidréta medus iegiiSanai ka nesgjvielu izmantoja ari stkalu
olbaltumvielu hidrolizatu. Stkalu olbaltumvielu hidrolizata pievienoSana
medum deva lielu produktu iznakumu dazadas medus un nesgjvielas attiecibas.
Rezultati apkopoti 3. attéla.

100
80
60 T
40
20

0

H o

Dehidrésanas iznakums /

Dehydration yield, %

50:50 25:75 60:40

Medus un siikalu olbaltumvielu hidrolizata attieciba skiduma /
Honey and whey protein hydrolysate's ratio in the solution

IzsmidzinaSanas kaltéSana / Spray drying = Sublimacija / Freeze-drying

3. att. Dehidrésanas iznakums, izmantojot siikalu olbaltumvielu hidrolizatu
dazadas koncentracijas / Fig. 3 Dehydration yield by using whey protein
hydrolysate in different concentrations
Atskirigi burti norada, ka starp vidgjam vertibam pastav biitiska atskiriba (p<0.05) /

Different letters indicate a significant difference in the mean values (p<0.05)
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Izmantojot stkalu olbaltumvielu hidrolizatu ka nes€jvielu, medus un
nesgjvielas maistjuma palielinaja medus koncentraciju Iidz 60% no sausnas.
Lielais produkta iznakums saistits ar olbaltumvielas virsmaktivajam ipasibam
(Dehnad et al., 2016). Olbaltumvielas ap kaltéjamam dalinam izveido apvalku,
tadejadi tiek paaugstinata dalinas stikloSanas temperatiira un produkta iznakums
(Islam et al., 2016).

Medus dehidrésanas eksperimentiem izmantoja arl mannitolu ka
nesgjvielu. Izmantojot izsmidzinaSanas kalteéSanu, dehidrétu medu neieguva.
Izmantojot sublimaciju, iegtita produkta iznakums bija liels. Produktos, kuros
medus un mannitola attieciba bija 50:50, iznakums bija 86+2%, bet produktos,
kur medus un mannitola attieciba bija 25:75, 79+3%.

Medus saturu dehidréta produkta iesp€jams palielinat, kombingjot
nescjvielas (Shi et al., 2013). ST iemesla del tika pétits, ka nesgjvielu
kombingSana ietekm& medus dehidréSanas iznakumu. Kombingjot
maltodekstrinu (gan DE=4.0-7.0, gan DE=10.4) ar stkalu olbaltumvielu
hidrolizatu dazadas proporcijas, iegiitais iznakums péc izsmidzinaSanas
kaltésanas bija mazs. Savukart, kaltjot sublimacijas kaltg, iegiits liels iznakums.

legiitie rezultati paradija, ka, palielinot stikalu olbaltumvielu hidrolizata
koncentraciju un samazinot maltodekstrina koncentraciju, iesp&jams iegiit sausu
produktu ar augstu medus koncentraciju. Izsmidzinasanas kalté$anas un
sublimacijas iznakumi apkopoti 8. un 9. tabula.

8. tabula / Table 8
Izsmidzinasanas kaltéSana iegiita dehidréta medus iznakums, kombiné&jot
neséjvielas / Yield of the obtained spray-dried honey by combining carriers

Medus un nesgjvielu
attieciba / Honey and
carrier’s ratio
Maltodekstrins (DE:40'70) Stukalu 60:39:1 14:t2b
olbaltumvielu hidrolizats /
Maltodextrin (DE=4.0-7.0): Whey

Iznakums /
Yield, %

Pievienotas neséjvielas /
Added carriers

protein hydrolysate 70:10:20 30+3
Maltodekstrins (DE=10.4): Stukalu 60:39:1 15+3P
olbaltumvielu hidrolizats / T
Maltodextrin (DE=10.4): Whe
rin ) y 70:10:20 34+42

protein hydrolysate

Atskirigi burti kolonna norada, ka starp vidéjam vertibam pastav biitiska atskiriba
(p<0.05) / Different letters within column denote a significant difference in the mean
values (p<0.05)
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9. tabula / Table 9
Sublimacijas kalte iegiita dehidréta medus iznakums, kombingjot
neséjvielas / Yield of the obtained freeze-dried honey by combining carriers

Medus un nesgjvielu
attiectba / Honey and
carrier’s ratio

Maltodekstrins (DE=4.0-7.0): Stikalu 60:39:1 84-+4b
olbaltumvielu hidrolizats / T
Maltodextrin (DE=4.0-7.0): Whey

Iznakums /
Yield, %

Pievienotas neséjvielas /
Added carriers

protein hydrolysate 70:10:20 85+2°
Maltodekstrins (DE=10.4): Stkalu 60:39:1 8543
olbaltumvielu hidrolizats / T
Maltodextrin (DE=10.4): Whe
( ): Whey 70:10:20 883

protein hydrolysate
AtskirTgi burti norada, ka starp vidéjam vertibam pastav bitiska atskiriba (p<0.05) /
Different letters indicate a significant difference in the mean values(p<0.05)

Analizgjot, ka sublimacijas iznakumu ietekm& nesgjviela un ta
koncentracija, noskaidrots, ka iznakumu bitiski ietekmé& izmantota nesgjviela
(p<0.05). Savukart nes€jviclas koncentracija sublimacijas iznakumu butiski
neietekmé (p>0.05).

Novertgjot produktu iznakumus, sublimacija ir piemérotaka kaltéSanas
metode dehidréta medus iegfiSanai, jo tika ieglts sauss medus ar augstu
iznakumu.

3. Izsmidzinasanas kaltéSana un sublimacija iegiita dehidréta
medus kvalitate

Udens saturs. Iegiito dehidréto produktu fidens saturs bija robezas no 2.0
11dz 8.5% (skatit 4. att€lu). Udens saturs dehidréta medus paraugos, kas iegiiti ar
sublimaciju, ir augstaks. Tas norada, ka izmantota dehidréSanas metode ietekme
paraugu Gidens saturu (p<0.05).

Dehidréta medus paraugi, kas satur&ja stikalu olbaltumvielu hidrolizatu,
uzradija augstako Gdens saturu. Tas saistits ar olbaltumvielu sp&ju labak saistit
tideni neka maltodekstrins (Bhusari et al., 2014). Savukart tie paraugi, kuri
saturgja maltodekstrinu, uzradija zemu Gdens saturu.

Dehidréta medus paraugu tidens saturu biutiski ietekm@ja izmantota
nesgjviela (p<0.05), bet nesgjvielas un medus savstarp&ja attieciba dehidrétaja
produkta to neietekméja (p>0.05).
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50:50 M:MD(DE=4-7)
25:75 M:MD(DE=4-7)
50:50 M:MD(DE=10.4)
25:75 M:MD(DE=10.4)

o 50:50 M:SPH
3 25:75 M:SPH
2 60:40 M:SPH
o 50:50 M:MN
& 25:75 M:MN

60:39:1 M:MD(DE=4-7):SPH
70:10:20 M:MD(DE=4-7):SPH
60:39:1 M:MD(DE=10.4):SPH

70:10:20 M:MD(DE=10.4):SPH

2 3 4 5 6 7 8 9
Udens saturs / Water content, %

® [zsmidzinaSanas kalté$ana / Spray-drying & Sublimacija /Freeze-drying
4. att. Udens saturs dehidréta medus paraugos / Fig. 4 Water content in the
dehydrated honey samples
AtskirTgi burti norada, ka starp vidéjam vertibam pastav bitiska atSkiriba (p<0.05) /
Different letters indicate a significant difference in the mean values(p<0.05)

Udens aktivitate raksturo partikas produktu mikrobiologisko stabilitati.
Pé&tot iegiitos dehidréta medus paraugus, noteikts, ka tidens aktivitates vari€ja no
0.19+0.02 lidz 0.3340.02. Udens aktivitates raditaji apkopoti 10. tabula.

10. tabula / Table 10
Dehidréto medus paraugu udens aktivitate / Water activity of dehydrated
honey samples

Udens aktivitate / Water activity
Izsmidzinasanas
Paraugs / Sample o Sublimacija /
kaltesanz! / Spray- Freeze-drying
drying
50:50 M:MD(DE=4-7) 0.22+0.02¢% 0.23+0.03b¢d
25:75 M:MD(DE=4-7) 0.20+0.01¢ 0.21+0.02%
50:50 M:MD(DE=10.4) 0.22+0.01¢ 0.24+0.02bcd
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10. tabulas turpinajums / Continuation of the Table 10

Udens aktivitate / Water activity

Izsmidzinasanas oo e
Paraugs / Sample kaltesani / Spray- Subhmacqa/
drvin Freeze-drying

ying

25:75 M:MD(DE=10.4) 0.19+0.024 0.20+0.03¢
50:50 M:SPH 0.23+0.01% 0.24+0.03bcd

25:75 M:SPH 0.28+0.01% 0.29+0.01%

60:40 M:SPH 0.25+0.03 0.25:+0.01P<

50:50 M:MN -* 0.32+0.022

25:75 M:MN -* 0.32+0.012

60:39:1 M:MD(DE=4-7):SPH 0.30+0.012 0.31+0.012
70:10:20 M:MD(DE=4-7):SPH 0.25+0.02b¢ 0.27+0.032bc
60:39:1 M:MD(DE=10.4):SPH 0.22+0.01% 0.23+0.03bcd
70:10:20 M:MD(DE=10.4):SPH 0.26+0.018bc 0.28+0.022

* - produktu neieguva / product was not obtained

AtskirTgi burti katra kolonna norada, ka starp vidéjam vértibam pastav bitiska atskiriba
(p<0.05) / Different letters within each column denote a significant difference in the mean
(p<0.05)

Vairums no iegutajiem dehidréta medus paraugiem uzradija tdens
aktivitati zemaku par 0.30, kas norada uz to stabilitati uzglabasanas laika. legitie
rezultati paradija, ka izveleta dehidréSanas metode ietekméja tidens aktivitati
iegiitaja produkta (p<0.05).

Higroskopiskums raksturo vielas sp&ju absorb&t mitrumu, ja to uzglaba
vid€ ar augstu gaisa relativo mitrumu (Thakur et al., 2021). Dehidréta medus
paraugiem, kurus ieguva ar izsmidzinasanas kalt€Sanu, higroskopiskums bija
robezas no 12.3 Iidz 19.2 g 100 g Savukart ar sublimaciju iegitajiem
paraugiem higroskopiskums vari&ja no 1.2 lidz 19.1 g 100 g.

Samitrinamiba raksturo sausa produkta sp&ju uznemt fideni uz virsmas
un samirkt. Samitrinamibu defing ka laiku (sekundgs, s), kas nepiecieSams, lai
sausa viela saistitu Gideni (Kapoor & Feng, 2022).

Iegiitie samitrinamibas dati norada uz sakaribu, ka dehidrétie produkti,
kuros bija augstaka medus koncentracija, samitrinamibas laiks bija 1saks.

Izmantojot dazadas dehidréta medus iegiiSanas metodes, novéroja, ka
paraugi, kuriem pievienoja maltodekstrinu, uzrada labu samitrinamibu
(samitrinamibas laiks bija neilgs), salidzinot ar paraugiem, kuru iegiiSanai
izmantoja stkalu olbaltumvielu hidrolizatu. P&tfjuma iegiito produktu
samitrinamibu izmantota kalt€Sanas metode neietekme (p>0.05), tacu to ietekme
izmantota nesgjviela (p<0.05).

Sauso produktu plistamiba ir svarigs parametrs, kas raksturo produkta
apstrades un parstrades iesp&jas (Chavez Montes et al., 2019). Hausnera
koeficienta veértibas izmantotas dehidréta medus pliistamibas raksturoSanai.
legiitie rezultati apkopoti 11. tabula.
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11. tabula / Table 11
Aprekinatas Hausnera koeficienta vertibas dehidréta medus paraugiem /
Calculated Hausner ratio’s values of the dehydrated honey samples

Hausnera koeficients / Hausner ratio
Paraugs / Sample Izsmidzinasanas kalte Subl.imétie
iegiitie produkti / produkti / Freeze-
Spray-dried products dried products

50:50 M:MD(DE=4-7) 1.13+0.02f9 1.41+0.06°°

25:75 M:MD(DE=4-7) 1.28+0.03%° 1.36+0.04

50:50 M:MD(DE=10.4) 1.11+0.019 1.30+0.05¢4

25:75 M:MD(DE=10.4) 1.21+0.03¢de 1.28+0.020%f

50:50 M:SPH 1.25+0.032bcd 1.38+0.03b«

25:75 M:SPH 1.31+0.02%® 1.36+0.05%

60:40 M:SPH 1.17+0.03¢f 1.37+0.07%

50:50 M:MN -* 1.56+0.052

25:75 M:MN -* 1.50+0.032

60:39:1 M:MD(DE=4-7):SPH 1.24+0.03bcde 1.28+0.049%f

70:10:20 M:MD(DE=4-7):SPH 1.32+0.032 1.20+0.03¢f

60:39:1 M:MD(DE=10.4):SPH 1.20-£0.020%f 1.27+0.020%f

70:10:20 M:MD(DE=10.4):SPH 1.30+0.05%® 1.17+0.04
Paraugu plastamibu raksturo dazadas krasas krasu sistéma: / Flowability of the samples is
characterised by different colours in the colour system: - laba / good; [ - vidgji laba

/ fair; | - dalgja/ possible; [ - slikta / poor; W - loti slikta / very poor

* - produktu neieguva / product was not obtained

AtSkirigi burti norada, ka starp vidgjam vertibam pastav biitiska atSkiriba (p<0.05) /
Different letters indicate a significant difference in the mean values(p<0.05)

Paraugu plastamibu raksturo dazadas krasas krasu sistema: / Flowability of the samples is
characterised by different colours in the colour system:

Vairumam analiz8to paraugu aprékinatais Hausnera koeficients bija
lielaks par 1.2, kas norada uz augstu dehidréto produktu koh&ziju. Lidz ar to
dehidréta medus dalinam ir tendence salipt kopa un veidot lielakus aglomeratus
(Mercan et al., 2018). Dehidréta medus plastamibu bitiski ietekmé (p<0.05) gan
kalteéSanas metode, gan nesgjvielas.

Izsmidzinasanas kaltéSana un sublimacija iegiito dehidréto medus
paraugu §kidiba bija robezas no 82 Iidz 88%. Ta tika raksturota ka laba. legiitie
dati parada, ka, kombingjot maltodekstrinu un stikalu olbaltumvielu hidrolizatu,
iegltajiem produktiem ir laba $kidiba. Kombingjot $is nesgjvielas, siikalu
olbaltumvielu hidrolizats darbojas ka emulgators un maltodekstrins — ka matricu
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veidojoss materials (Mohammed et al., 2020). Dehidréto produktu skidibu Gident
ietekmgja izmantotas nesgjvielas (p<0.05).

Diastazes aktivitati, kuru noteica iegiitajos sausa medus paraugos izteica
ka diastazes skaitli (DN). Izmantojot izsmidzinasanas kaltéSanas un sublimacijas
metodes dehidréta medus iegiSanai, ieglitajos produktos konstatéta enzima
aktivitates samazinaSanas. Diastazes aktivitate paraugos varig€ja no 1 Iidz 11.8
DN. Zemaka enzima aktivitate noteikta paraugos 25:75 M:MN un 25:75
M:MD(DE=4-7), kurus ieguva sublimacijas procesa, un parauga 25:75
M:MD(DE=10.4), kuru ieguva izsmidzinaSanas kalté. Sajos sausa medus
paraugos enzima aktivitate neparsniedza 2 DN. Diastazes aktivitate dehidréta
medus paraugos paradita 5. attgla.

50:50 M:MD(DE=4-7)
25:75 M:MD(DE=4-7)
50:50 M:MD(DE=10.4)
25:75 M:MD(DE=10.4)

@ 50:50 M:SPH
£ 25:75 M:SPH
2 60:40 M:SPH
i 50:50 M:MN
& 25:75 M:MN

60:39:1 M:MD(DE=4-7):SPH
70:10:20 M:MD(DE=4-7):SPH
60:39:1 M:MD(DE=10.4):SPH

70:10:20 M:MD(DE=10.4):SPH

0 2 4 6 8 10 12
Diastazes aktivitate / Diastase activity, DN

® [zsmidzinaSanas kaltg iegiitie produkti / Spray-dried products

Sublimacijas produkti / Freeze-dried products
5. att. Diastazes aktivitate dehidréta medus paraugos / Fig. 5 Diastase
activity of the dehydrated honey samples

Atskirigi burti norada, ka starp vidgjam vertibam pastav biitiska atskiriba (p<0.05) /
Different letters indicate a significant difference in the mean values(p<0.05)
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Invertazes aktivitate, kas tika izteikta ka invertazes skaitlis (IN),
izsmidzinasanas kaltéSana un sublimacija iegiitajos produktos bija robezas no
0.15 lidz 7.83 IN (skatit 6. att€lu). Dehidréta medus paraugiem, kurus ieguva
sublimacija, enzima aktivitate bija liclaka. Datu statistiskas analizes rezultati
norada uz to, ka dehidréSanas veids neietekmé invertazes aktivitati paraugos
(p>0.05), tacu dehidrésanas procesa izmantotas nesgjvielas ietekmé (p<0.05).
Augsta invertazes aktivitate Iidzigi ka diastazes aktivitate noteikta paraugos, kuri
dazadas koncentracijas saturgja siikalu olbaltumvielu hidrolizatu.

50:50 M:MD(DE=4-7)
25:75 M:MD(DE=4-7)
50:50 M:MD(DE=10.4)
25:75 M:MD(DE=10.4)

@ 50:50 M:SPH
% 25:75 M:SPH
% 60:40 M:SPH
§ 50:50 M:MN
& 25:75 M:MN

60:39:1 M:MD(DE=4-7):SPH
70:10:20 M:MD(DE=4-7):SPH
60:39:1 M:MD(DE=10.4):SPH

70:10:20 M:MD(DE=10.4):SPH

0 2 4 6 8
Invertazes aktivitate / Invertase activity, IN

Izsmidzinasanas kalt€ iegitie produkti / Spray-dried products

B Sublimacijas produkti / Freeze-dried products

6. att. Invertazes aktivitate dehidréta medus paraugos / Fig. 6 Invertase
activity of the dehydrated honey samples
Atskirigi burti norada, ka starp vidéjam vertibam pastav biitiska atskiriba (p<0.05) /
Different letters indicate a significant difference in the mean values (p<0.05)

5-Hidroksimetilfurfurola (5-HMF) Kkoncentracija medd, kuru
izmantoja dehidréta produkta iegii§anai, bija 5.7+0.4 mg kg Noteikta 5-
hidroksimetilfurfurola koncentracija dehidréta medus paraugos bija robezas no
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11 Iidz 80 mg kg? (sausna). Noteiktas 5-HMF koncentracijas analiz&tajos
paraugos apkopotas 7. attgla.

u fgh

50:50 M:MD(DE=4-7)
25:75 M:MD(DE=4-7)
50:50 M:MD(DE=10.4)
25:75 M:MD(DE=10.4)

@ 50:50 M:SPH
% 25:75 M:SPH
g 60:40 M:SPH
g 50:50 M:MN
o 25:75 M:MN
60:39:1 M:MD(DE=4-7):SPH : a
70:10:20 M:MD(DE=4-7):SPH ab
60:39:1 M:MD(DE=10.4):SPH a

70:10:20..

0 20 40 60 80
5-HMF koncentracija / Concentration of 5-HMF, mg kg

Izsmidzinasanas kalté iegiitic produkti / Spray-dried products

B Sublimacijas produkti / Freeze-dried products

7. att. 5-HMF koncentracija dehidréta medus paraugos / Fig. 7
Concentration of 5-HMF in the dehydrated honey samples
AtskirTgi burti norada, ka starp vidéjam vertibam pastav bitiska atSkiriba (p<0.05) /
Different letters indicate a significant difference in the mean values(p<0.05)

Dehidréta medus paraugos, kurus ieguva ar sublimaciju, 5-HMF
koncentracija bija augstaka neka paraugos, kurus ieguva izsmidzina$anas
kalt€Sana. Apkopotajos datos redzams (skat. 7.att.), ka paraugos, kuru iegiiSanai
izmantoja maltodekstrinu, S-HMF koncentracija bija augstaka. Abos kaltéSanas
veidos paraugos 25:75 M:SPH noteiktas vienas no zemakajam analizeta
savienojuma koncentracijam.

Medus un nesgjvielu maistjumu tidens $kidumi, kaltgjot ar sublimacijas
kalti, dehidréSanas procesam tika paklauti ilgaku laika periodu neka
izsmidzinasanas kaltéSana. L1dz ar to dehidréSanas procesa ilgums arT ietekm@&ja
5-hidroksimetilfurfurola  koncentraciju  galaprodukta. Izmantota medus
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dehidrésanas metode butiski ietekmé&ja S5-hidroksimetilfurfurola koncentraciju
galaprodukta (p<0.05).

Fenolu savienojumi. Dehidréta medus paraugos konstatgja 15 dazadus
fenolu savienojumus, ka hidroksibenzoskabes, hidroksikanglskabes, flavonoidus
un fenola aldehidu dazadas koncentracijas. Dati par individualo fenolu
savienojumu — hidroksibenzoskabu, hidroksikanelskabu, flavonoidu — saturu
dehidrétos medus paraugos tika analizeti, izmantojot galveno komponentu
analizi. Analiz€ iegttie rezultati noradija, ka pirma galvena komponente PC1
izskaidro 48.8% no mérijumu kopgjas dispersijas, bet otra galvena komponente
PC2 — 19.2% (skatit 8. att€lu).

i 60:39:1 M:MD(DE=10.4):SPH

25:75 M:MD(DE=10.4) 20- . L4

25:75 M:MD(DE=4-7) _ ® l'60A39.1 M:MD(DE=4-7):SPH
oi 70:10:20 M:MD(DE=10.4):SPH

60:40 M:SPHg 070:20:10 M:MD(DE=4-7):SPE

2 D(DEZlO.:4) ° 25:75 M:MD(DE=10.4)
L]

1 25:75 M:SPH

! O

60:39:1 M:MD(DE=4-7):SPH
60:39:1 M:MD(DEleA):SP{ ChA
Rut

GA i
MN 25:75 M:MN

70:10:20 M:MDDE=4-TySPH [ 1 2575 MMD(DE-4-7)
CafA 5:75 M:SPH

70: 10:2.0 M:MD(DE=10.4):SPH
50:50 M:MD(DE=10.4)
YA

PC 2 (19.2%)

1
1
1
1
:
1

2- SnA !
1 50:50 M:SPH
1 L]
:
1
: Kaemf
1

Y- SA 12HCA
1
1
1
1
i
i 60:40 M:SPH

[ ]
1
! ! ! !
-5.0 25 0.0 25

PC1 (48.8%)

® [zsmidzinaSanas kalté iegitie produkti / Spray-dried products
® Sublimacijas produkti / Freeze-dried products

Mainigais / Variable

8. att. Galveno komponentu analizes biplot diagramma, analizéjot fenolu

savienojumus izsmidzinasanas un sublimacijas kaltes iegutajos dehidréta
medus paraugos / Fig. 8 Biplot diagram of principal component analysis for
analysis of phenolic compounds in dehydrated honey obtained by spray and

freeze-drying
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Iegitaja galveno komponentu biplot diagramma (8. att.) redzams, ka
liclaka dala no mainigajiem (Rut, GA, Lut, CafA, DHBA, 4HBA, ChA, pCA)
korelg ar pirmo galveno komponenti PC1. Mainigie SA, 2HCA, Kaemf, VA
korelg ar otro galveno komponenti PC2. Savukart mainigie SnA un CatH korele
gan ar pirmo galveno komponenti PC1, gan ar otro galveno komponenti PC2.

Analizgjot dehidréta medus paraugu korelaciju ar galvenajam
komponentem PC1 un PC2, loti augstu korelaciju ar PC1 uzrada 70:10:20
M:MD(DE=10.4):SPH un 70:10:20 M:MD(DE=4-7):SPH paraugi, kurus
ieguva izsmidzinasanas kalteé$ana, un 25:75 M:MN, kuru ieguva sublimacija.
Izsmidzinasanas kalt€Sana iegiitais 60:40 M:SPH dehidréta medus paraugs
parada loti augstu korelaciju ar PC2. Sublimacija iegutie 60:39:1
M:MD(DE=4-7):SPH, 60:39:1 M:MD(DE=10.4):SPH, 70:10:20
M:MD(DE=4-7):SPH, 70:10:20 M:MD(DE=10.4):SPH, 25:75
M:MD(DE=10.4), 60:40 M:SPH dehidréta medus paraugi veido klasteri, kas
norada uz to fenolu savienojumu profilu augsto Iidzibu.

Eksperimentos noteiktais fenolu savienojumu saturs dehidréta medus
paraugos norada, ka Sie produkti ir bagati ar fenolu savienojumiem.

Organisko skabju un prolina koncentracija. Iegtitajos dehidréta medus
paraugos konstatgja vinskabi, abolskabi un citronskabi dazadas koncentracijas.
Noteikta vinskabes koncentracija analizétajos paraugos svarstijas no 0.18 lidz
1.35 g 100 g (sausna), abolskabes — no 0.15 lidz 1.06 g 100 g (sausna) un
citronskabes —no 0.03 1idz 0.15 g 100 g* (sausna).

Dehidrésanas metode bitiski ietekmé citronskabes koncentraciju sausa
medus paraugos (p<0.05), bet vinskabes un abolskabes koncentraciju neietekmé
(p>0.05). Izmantotajai nesg€jvielai un tas koncentracijai medus un nesgjvielas
maisfjuma ir butiska ietekme uz organisko skabju koncentraciju dehidréta
produkta (p<0.05).

Dehidréta medus paraugos, kuru iegiSanai izmantoja sublimaciju, prolina
koncentracija bija augstaka par paraugiem, kurus ieguva izsmidzinaSanas
kalté$ana. Prolina koncentracija dehidréta medus paraugos bija robezas no 107
Iidz 293 mg kg,

Dehidréta medus morfologija. IzsmidzinaSanas kalté iegtitie dehidréta
medus paraugi tika izvéléti morfologijas analizei, izmantojot skengjo$o elektronu
mikroskopiju (SEM). Izsmidzinasanas kaltéSanas eksperimentos iegiitajos
dehidréta medus paraugos konstatéts, ka mikrodalinam galvenokart ir sferiska
forma. Vairuma gadijjumu mikrodalinu virsma bija deforméta (skatit 9. un 10.
attelu). 9. attela redzams, ka sferiskajam mikrodalinam ir dazadi izméri un ka tas
sava starpa ir izkartotas blivi, veidojot kompleksus agregatus.
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vSEHH‘tZ.O kv WO: 8.69 mm MIRA3 TESCAN SEM HV: 2.0 kV
View field: 114 pm Det: SE 20 pm View field: 128 pm Det: SE 20 pm
SEM MAG: 1.22 kx  Date(m/dly): 0527721 Performance in nanospace SEM MAG: 1.08 kx  Date(m/dy): 0527721 Performance in nanospace

9. att. SEM atteli dehidréta medus paraugiem A — 25:75 M:MD(DE=4-7)
un B —25:75 M:MD(DE=10.4) / Fig. 9 SEM images of dehydrated honey
samples A — 25:75 M:MD(DE=4-7) and B — 25:75 M:MD(DE=10.4)

SEM HV: 2.0 kV WOD: 8.82 mm MIRA3 TESCAN SEM HV: 2.0 kV WO: 8.59 mm MIRAJ TESCAN|
View field: 93.5 pm Det: SE View field: 141 pm Det: SE 20 ym
SEM MAG: 1.48 kx  Date(m/diy): 0527121 Performance in nanospace SEM MAG: 984 x | Date(midy): 05/27/21 Performance in nanospace

10. att. SEM atteli dehidréta medus paraugiem A — 25:75 M:SPH un B —
50:50 M:SPH / Fig. 10 SEM images of the dehydrated honey samples A —
25:75 M:SPH and B -50:50 M:SPH

Izmantoto medus dehidréSanas metoZu salidzinajums. P&tijuma
dehidréta medus ieglSanai izmantoja divas dehidréSanas metodes:
izsmidzinasanas kalt€éSanu un sublimaciju. P&tijuma medus dehidrésanas
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eksperimentus veica, izmantojot laboratorijas méroga izsmidzinaSanas un
sublimacijas kaltes. Ieguta dehidréta medus iznakumu, izmantojot
izsmidzinasanas kalt€Sanu, butiski ietekmgja (p<0.05) izmantota nes€jviela un
tas koncentracija. Sublimacija iznakumu bitiski ietekméja (p<0.05) izmantota
nes¢jviela, taéu nesgjvielas koncentracija dehidréta medus iznakumu butiski
neietekmgja (p>0.05).

Izvertgjot datu statistikas analizes rezultatus par neséjvielas un kaltéSanas
metodes ietekmi uz dehidréta medus fizikalajiem un kimiskajiem raditajiem,
noteikts, ka nesgjvielas batiski ietekme (p<0.05) dazadus kvalitati raksturojo$us
raditajus.KalteéSanas metode butiski ietekméja tadus raditajus ka tidens saturu,
plustamibu, diastazes aktivitati, S5-hidroksimetilfurfurola, galluskabes, 4-
hidroksibenzoskabes, p-kumarinskabes, sinapinskabes, katehina, rutina,
kempferola, citronskabes un prolina koncentraciju.

Izmantojot aglomerativo hierarhiskas klasteru analizes metodi, dehidréta
medus paraugi tika sagrupéti klasteros atkariba no to fizikalajiem un kimiskajiem
raditajiem. legitaja dendogramma (skatit 11. att€lu) redzams, ka dehidréta
medus paraugi sagrupéti Cetros klasteros. Klasteros sagrup&tos paraugus apvieno
lidzigi fizikalie un kimiskie raksturlielumi, kuri atSkiras no citiem dehidréta
medus paraugiem.

Sublimacija, salidzinot ar izsmidzinaSanas kalt€Sanu, ir laikietilpigaks
process, jo dehidréSanas process norit vairakos posmos. IzsmidzinaSanas
kaltéSana patéré mazak elektroenergijas neka sublimacija.

Petfjuma iegiitie rezultati pieradija, ka abas izveletas kaltéSanas metodes—
izsmidzina$anas kalt€Sana un sublimacija — ir piemérotas dehidréta medus
ieglisanai. Rezultatu analize paradija, ka nevar viennozimigi apgalvot, kura no
izmantotajam kaltéSanas metodém ir piemé&rotaka dehidréta medus iegiiSanai, jo
nesgjvielam bija biitiska ietekme uz dehidréta medus fizikalajiem un kimiskajiem
raditajiem. ST iemesla dél nepiecieSsama padzilinata izpéte, izmantojot citas
nesgjvielas un izvirzot kriterijus, péc kuriem noteiktu kalt€Sanas metodes
piemerotibu.
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IK - izsmidzinasanas kaltg iegiitie produkti / Spray-dried products
SK - sublimacijas kalté iegitie produkti/ Freeze-dried products
11.att. Aglomerativas hierarhiskas klasteru analizes dendrogramma,
paradot fizikalo un kimisko raditaju Iidzibas starp dehidréta medus
paraugiem / Fig. 11 Dendrogram of agglomerative hierarchical cluster
analysis showing similarities of physical and chemical parameters between
dehydrated honey samples

SECINAJUMI

Petljuma piemérotako medu dehidréSanas eksperimentiem izvélgjas,
izmantojot daudzkrit€riju l@mumu pienemsSanas metodi. No pétijuma
analiz€tajiem medus paraugiem, Latvija ievaktais dazadu ziedu medus tika
izvelets medus dehidréSanai, jo tas uzradija vienu no augstakajam kriteriju
summam svertaja normaliz&taja lemumu pienemsanas matrica.
IzsmidzinaSanas un sublimacija kaltes var izmantot dehidréta medus
ieguvei.
Pievienojot dazadas proporcijas maltodekstrinu un stkalu olbaltumvielu
hidrolizatu ka nesgjvielas, ir iesp&jams iegilit dehidrétu medu. Mannitols nav
piemérota nesg€jviela dehidréta medus iegiiSanai izsmidzinasanas kaltg.
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10.

11.

P&tijuma izveletas nesgjvielas bitiski ietekméja izsmidzinasanas kaltéSanas
iznakumu. Visaugstako izsmidzinasanas kalt€Sanas iznakumu — 95% —
ieguva, izmantojot sikalu olbaltumvielu hidrolizatu. Izmantojot
sublimacijas kalti, dehidréta medus iznakums bija virs 80%.

Diastazes aktivitate medd bija 15.3+0.5 DN; invertazes aktivitate —
8.2+0.2 IN. Diastazes un invertazes aktivitate dehidréta medus paraugos bija
zemaka neka medi. Diastazes aktivitate bija augstaka izsmidzinasanas kalte
iegiitajos dehidréta medus paraugos neka sublimacijas kalte iegiitajos.
Invertazes aktivitate bija augstaka sublimacija iegtitajos dehidréta medus
paraugos neka izsmidzinasanas kalte iegiitajos. Dehidréta medus paraugi,
kuri saturgja stkalu olbaltumvielu hidrolizatu, uzradija augstu diastazes un
invertazes aktivitati.

5-Hidroksimetilfurfurola koncentracija dehidréta medus paraugos bija
augstaka neka medil (5.7+0.3 mg kg'!). Ta koncentracija sublimacijas kalte
ieglitajos dchidréta medus paraugos bija butiski augstaka neka
izsmidzinasanas kalt¢ iegiitajos paraugos.

Prolina koncentracija dehidréta medid bija zemaka neka medi
(310£21 mg kg™'). Augstaka prolina koncentracija, 293 mg kg?, tika
noteikta stikalu olbaltumvielu hidrolizatu saturosa dehidréta medus parauga.
Sublimacijas kalte iegiitajos dehidréta medus paraugos prolina koncentracija
bija butiski augstaka neka izsmidzinasanas kalte iegiitajos paraugos.
Petijuma konstatets, ka dehidréSanai izmantotais medus saturgja Cetras
organiskas skabes: vinskabi, abolskabi, citronskabi, askorbinskabi.
Organisko skabju koncentracija bija robezas no 0.03 lidz 1.26 g 100 g*
sausna. Tris organiskas skabes — vinskabe, abolskabe un citronskabe — tika
konstatétas dehidréta medus paraugos. Sublimacijas kalté iegiitajos
dehidréta medus paraugos organisko skabju koncentracija bija augstaka
neka izsmidzinasanas kalté iegiitajos paraugos. Augstakas organisko skabju
koncentracijas noteiktas paraugos, kuri saturéja siikalu olbaltumvielu
hidrolizatu.

Petljuma noskaidrots, ka dehidréts medus satur 14 dazadus fenolu
savienojumus. Fenolu savienojumu koncentraciju ietekmgja gan nesgjviela,
gan kalté$anas metode. Augstaka fenolu savienojumu koncentracija noteikta
stkalu olbaltumvielu hidrolizatu saturoSos dehidréta medus paraugos.
P&tijuma noskaidrots, ka dehidréta medus fizikalos raditajus, ka tdens
aktivitati, higroskopiskumu, samitrinamibu, S$kidibu tdeni ietekméja
nes€jviela. Dehidréta medus pliistamibu un @idens saturu ietekmé&a gan
nesgjviela, gan kalt€Sanas metode.

Promocijas darba pétijuma iegttie rezultati apstiprina izvirzito hipotézi, ka
dehidréta medus kvalitati ietekm@ kalt€Sanas metode, nesgjvielas veids un
tas koncentracija.
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TOPICALITY OF THE RESEARCH

Honey is a product that has been used by mankind since ancient times.
Ancient peoples (ancient Greeks, Chinese, Egyptians, Romans, Mayans, and
Babylonians) consumed honey for both its high nutritional value and medicinal
properties (Samarghandian et al., 2017). Honey mainly consists of water and
carbohydrates, which ensure the high energy value of the product. In addition to
carbohydrates, honey contains various other chemical compounds, such as free
amino acids, proteins, vitamins, minerals, various phenols, and volatile
compounds. Due to its chemical composition, honey has a prebiotic effect,
antioxidant, antibacterial, antiviral, anti-inflammatory, and immunomodulating
properties (Miguel et al., 2017).

In recent years, diet-induced obesity and its associated metabolic
disorders, such as type 2 diabetes, have become a global problem. One of the
main causes is the increased consumption of sugary foods and drinks (van Dam
et al., 2020). To solve the problem, experts from health organisations have
recommended reducing the consumption of added sugar on a daily basis (Hagger
etal., 2017).

Sucrose is one of the most widely consumed sugars. Sucrose plays an
essential role in human nutrition as the metabolism of the monosaccharide
glucose contained in sucrose is necessary for the synthesis of adenosine
triphosphate and other biologically active molecules (Castro-Muifioz et al., 2022).
Sucrose is obtained from sugar beet or sugar cane juice, which products lose
biologically active compounds during the refining process (Singh et al., 2015).
Replacing sucrose with honey is proposed as one of the solutions for reducing
sugar consumption. Honey is used in the production of various food products
such as confectionery, snacks, cereal products, soft drinks, and beer brewing. The
wide use of natural sweeteners in the food industry and pharmaceuticals is
limited by their physical properties: high viscosity and density.

The production of dehydrated honey is an alternative to liquid honey, the
production of which would allow the use of honey in the food industry, for
example in the production of dry mixes. The process of dehydrating honey is
complicated because of its high fructose and glucose content. By obtaining
dehydrated honey, it is possible to use it not only in food but also in
pharmaceuticals and in the production of cosmetics. In this way, the
competitiveness of Latvian honey producers in Europe and the world would be
enhanced.

The hypothesis of the thesis: the quality of dehydrated honey is affected
by drying methods, the type of carrier and its concentration.

The hypothesis of the thesis was confirmed by the defended thesis.
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1. The quality of honey affects the suitability of the honey for the
dehydration process.

2. Spray drying and freeze-drying are suitable methods for obtaining
dehydrated honey.

3. Carrier and its concentration affects the yield of dehydrated honey.

4. Drying method, carrier and its concentration affect the physical and
chemical parameters of dehydrated honey.

The aim of the thesis is to obtain dehydrated honey and evaluate the
quality of the obtained product.

The following tasks were set to achieve the aim of the thesis:

1) to select suitable honey for dehydration;

2) to obtain dehydrated honey by spray drying and freeze-drying;

3) to analyse the effect of the used carriers and their concentrations on the
honey dehydration process;

4) to determine diastase and invertase activity in honey and dehydrated
honey;

5) to determine the concentration of 5-hydroxymethylfurfural in honey
and dehydrated honey;

6) to determine the content of various bioactive compounds such as
proline, phenolic compounds, organic acids in honey and dehydrated
honey;

7) to determine the dehydrated honey’s physical parameters: water
content, water activity, hygroscopicity, wettability, flowability and
water solubility.

The novelty of the thesis.
For the first time in Latvia, the study of the dehydration process of honey
and the quality of dehydrated honey was carried out.

The economic significance.

1. The production of dehydrated honey enables Latvian beekeepers to
increase the number of beehives and to promote the development of
beekeeping industry in the country.

2. The production of dehydrated honey could give the opportunity to
expand the usage of bee products in food and pharmaceutical
industry, and cosmetics.

3. The daily intake of sucrose could be reduced by dehydrated honey,
which is healthy and qualitative substitute to sucrose.

The study of doctoral thesis was financially supported by:
* The Latvia University of Life Sciences and Technologies’ project
“Strengthening Research Capacity in the Latvia University of Life

35



Sciences and Technologies”. Project “Production and quality of
dehydrated honey”. Project No. Z35. Contract No. 3.2-
10/2019/LLU/140.

*  European Social Fund Project No. 8.2.2.0/18/A/014 “Improvement
of LLU academic staff”.
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APPROBATION OF THE RESEARCH WORK

The research results are summarized and published in 6 peer-reviewed
scientific issues, which are indexed in SCOPUS and/or Web of Science databases
(the list of publications is shown on page 6).

The research results have been presented in 7 international scientific
conferences in Latvia, Estonia and the Netherlands (the list of scientific
conferences is shown on pages 6 and 7).

The research results have been presented in the international trade fairs
for food, beverages, food processing technology, packaging, innovation,
HoReCa and shop equipment and services “Riga Food 20197, “Riga Food 20207,
“Riga Food 2021” and invention and innovation exhibition “MINOX Zemgale
2020”.

MATERIALS AND METHODS

Time and place of the research

The research was carried out during the period from September 2018 to
April 2022. The experimental work of the research was performed at the
following institutions of Latvia University of Life Sciences and Technologies:

o Department of Chemistry, Faculty of Food Technology,

o Department of Food Technology, Faculty of Food Technology,

e Division of Smart technologies at Research Laboratory of
Biotechnology.

Research object — dehydrated honey. Multifloral honey was used to obtain
dehydrated honey. The honey was harvested in Latvia in 2018.
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The structure of the research
The research was conducted in three stages. The stages are summarised
in Table 1.

In the Stage I of the research, the selection of honey for dehydration was
carried out. The Stage | of the research was divided into three steps:

1tstep. Purchase and delivery of honey samples to the laboratory. For
the implementation of the research, 18 different types of honey samples were
procured.

2" step. Determination of the quality of purchased honey samples.
The determined quality parameters of the samples are summarised in Table 5
(see points 1-12).

3 step. Selection of honey sample for dehydration experiments. The
honey sample was selected using a multi-criteria decision making method. The
selected criteria are summarised in the section "Statistical analysis of data".

In the Stage 11 of the research, dehydrated honey was obtained. The stage
was implemented in three steps:

1tstep. Selection of carriers for dehydration. Maltodextrin (DE =4.0-
7.0), maltodextrin (DE =10.4), D-mannitol, and whey protein hydrolysate were
selected as carriers for honey dehydration experiments.

2" step. Preparation of the blends of honey and carriers. The
composition and concentrations of the solutions prepared for the dehydration
experiments are summarised in Table 2.

3 step. Drying of the prepared blends of honey and carriers using
spray and freeze dryers.

Obtaining dehydrated honey using freeze-dryer.

Aqueous solutions of the mixture of honey and carriers (see Table 2) were
filled into containers intended for freezing food products and stored at -20+1 °C
for two days. After two days, the samples were dried using a freeze-dryer,
ALPHA 1-2 LDplus (MARTIN CHRIST Gefriertrocknungsanlagen GmbH,
Germany). Drying was carried out under the following conditions:

o temperature of ice condenser: -50.6 °C,

e pressure: 0.036 mbar,

e duration of drying: 72 hours

Obtaining dehydrated honey using spray dryer.

Aqueous solutions of mixtures of honey and carrier substances
(summarised in Table 2) were used for spray drying. Drying was carried out in a
spray dryer, BUCHI mini B-290 (Labortechnik AG, Switzerland). The solutions
were evenly stirred during drying using a magnetic stirrer, BIOSAN MS-3000
(Biosan, Latvia). Drying was carried out under the following conditions:

* nozzle size: 1.2 mm,
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« air flow rate: 670 L h*?,
« sample feed rate: 18 mL min?,
« Inlet air and outlet air temperature: see Table 3

In the Stage 111 of the research, the quality of the obtained dehydrated
honey samples was studied. Various physical and chemical parameters were
determined for dehydrated honey samples:

e proline concentration,

e invertase activity,

o diastase activity,

e individual phenolic compounds,

o 5-hydroxymethylfurfural concentration,

e water content,

o Wwater activity,

¢ hygroscopicity,

e bulk density,

o tapped density,

o flowability,

o water solubility,

o wettability.

The morphology of samples acquired during spray drying was also
examined.

The obtained results on the physical and chemical indicators of
dehydrated honey were used to evaluate the quality of the obtained product. To
facilitate the representation of the results, dehydrated honey samples have been
given designations. Designations are summarised in Table 4.

The analysis methods used in the research

The analysis methods, which were used in the study, are summarised in

Table 5.

Statistical analysis of data

In the research, the experiments were performed in three replicates. The
obtained results were expressed as the arithmetic mean + standard deviation.
One-factor and two-factor analysis of variance (ANOVA) and Tukey's test were
used for statistical data processing. The significance of the data was characterised
by the p value. If p>0.05, then the factor does not significantly affect the result.
If p<0.05, the factor has a significant impact on the result. Pearson's coefficient
was used to characterise the correlation.

Using a multi-criteria decision-making method, the most suitable honey
for dehydration experiments was selected. Positive and negative criteria were
defined for selection. Parameters describing the quality of honey, the maximum
values of which are desirable, were chosen as positive criteria. Positive criteria:
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e proline concentration,

e invertase activity,

e reducing sugar content,

o diastase activity.

As a negative criterion, parameters with desired minimum values were
chosen. Negative criteria:

¢ 5-hydroxymethylfurfural concentration,

e Wwater content,

e sucrose content,

e electrical conductivity,

o water insoluble matter,

o free acidity.

Agglomerative hierarchical cluster analysis was used to analyse the
differences between dehydrated honey samples. Principal component analysis
was used to analyse the variance of individual phenolic compound concentration
data.

The applications Microsoft 365 Excel and R (version 4.2.1), and
RStudio (version 4.2.1) were used to create the figures and tables. The
applications were used for the processing of the results, and their representation.

RESULTS AND DISCUSSION

1. Selection of honey for the dehydration

The aim of the Stage | of the research was to select the most suitable honey
sample for dehydration experiments. In total, 18 different honey samples were
analysed, which were purchased from beekeepers in Latvia and other European
Union member states in Latvian supermarkets; one honey sample was received
as a gift from a beekeeper in a third-world country. The characteristics of honey
samples according to their origin, year of collection or production, and type are
summarised in Table 2.

The quality of the honey samples was assessed in accordance with the
regulations of the Cabinet of Ministers of the Republic of Latvia No. 251/2015,
"Quality, classification, and additional labelling requirements for honey," and the
instructions of the International Honey Commission.

The most suitable honey sample for dehydration experiments was selected
using the multi-criteria decision making method. The honey samples were
evaluated according to ten criteria (see the section “Statistical analysis of the
data”
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The honey samples were compared according to the sums of their criteria
ratings. The M13 honey sample showed the highest sum of criteria — 0.605 —
therefore it was considered the most suitable for dehydration. The honey is
buckwheat honey. Buckwheat honey has a specific smell and taste. The M13
sample was not selected for the dehydration experiments due to the sensory
properties of buckwheat honey. The M1 honey sample was chosen for
dehydration, which showed the third highest amount in the criteria evaluation.
The M11 sample is multifloral honey, which was collected 2018 in Zemgale. The
honey sample, which showed the second highest sum of criteria, was not selected
due to the insufficient quantity, and the reproducibility of dehydration
experiments could not be ensured.

2. Effect of carriers and their concentration on obtaining
dehydrated honey using spray and freeze-dryers

Spray drying and freeze-drying methods were used to obtain dehydrated honey.
Carriers were added to honey to carry out the dehydration process of the honey.
Carriers were added during the dehydration process with the aim of increasing
the glass transition temperature of the product and reducing their hygroscopicity,
resulting in a stable dehydrated product (Subtil et al., 2014).

In the research, maltodextrin with different dextrose equivalent (DE)
values was used to obtain dehydrated honey: DE=4.0-7.0 and DE=10.4. The
solutions prepared for the spray drying and freeze-drying experiments contained
honey and maltodextrin in different ratios: 50:50 and 25:75. The yield of spray
drying, and freeze-drying is shown in Figures 1 and 2.

Whey protein hydrolysate was also used as a carrier for obtaining
dehydrated honey. The addition of whey protein hydrolysate to honey gave high
yields of products at different ratios of honey and carrier. The results are
summarised in Figure 3.

Using whey protein hydrolysate as a carrier increased the concentration
of honey in the honey and carrier mixture to 60% of the dry matter. The high
yield of the product is related to the surfactant properties of the protein (Dehnad
et al., 2016). Proteins create a film around the particles to be dried, thus
increasing the glass transition temperature of the particle and the product yield
(Islam et al., 2016).

Mannitol was also used as a carrier for the honey dehydration
experiments. Dehydrated honey using mannitol as the carrier for spray drying
experiments did not result in obtaining any product. The yield of dehydrated
honey, which was obtained by freeze-drying using mannitol, was high. Products
with a ratio of honey to mannitol of 50:50 yielded 86+2%, and products with a
ratio of honey to mannitol of 25:75 yielded 79+3%.
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Honey content in a dehydrated product can be increased by combining
carriers (Shi et al.,, 2013). For this reason, it was investigated how the
combination of carriers affects the yield of honey dehydration. Combining
maltodextrin (both DE = 4.0-7.0 and DE = 10.4) with whey protein hydrolysate
in different ratios gave a low yield after spray drying. A high yield was obtained
after freeze-drying. The obtained results showed that by increasing the
concentration of whey protein hydrolysate and decreasing the concentration of
maltodextrin, it is possible to obtain a dry product with a high concentration of
honey. The results of spray drying, and freeze-drying are summarised in Tables
8and9.

Analysing how the yield of freeze-drying is affected by the carrier and its
concentration, it was found that the yield is significantly influenced by the carrier
used (p<0.05). The carrier concentration does not significantly affect the yield of
freeze-drying (p>0.05). Freeze-drying is the most suitable drying method for
obtaining dehydrated honey, as dry honey with a high yield was obtained.

3. Quality of the dehydrated honey obtained spray drying and
freeze-drying

Water content. The water content of the obtained dehydrated products
ranged from 2.0 to 8.5% (see Figure 4). A higher water content was detected in
freeze-dried honey samples. That indicates that the used dehydration method
affects the water content in the samples (p<0.05).

Dehydrated honey samples, which contained whey protein hydrolysate,
showed the highest water content. It is related to the protein’s ability to bind
water better than maltodextrin (Bhusari et al., 2014). The samples, which
contained maltodextrin, showed low water content.

The water content of dehydrated honey samples was significantly affected
by the used carrier (p<0.05), but the ratio of carrier and honey in the dehydrated
product did not affect it (p>0.05).

Water activity characterises the microbiological stability of food
products. It was determined that the water activity of the obtained dehydrated
samples varied from 0.19+0.02 to 0.33+0.02. The results of water activity are
summarised in Table 10.

Water activity in most of the obtained dehydrated honey samples was
lower than 0.30, which indicates their stability during storage. The results
showed that that the chosen dehydration method affected the water activity in the
obtained product (p<0.05).

Hygroscopicity characterises the ability of a substance to absorb moisture
when it is stored in an environment with high relative humidity (Thakur et al.,
2021). The hygroscopicity of spray-dried honey samples ranged from 12.3 to
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19.2 g 100 g*. The hygroscopicity of the freeze-dried samples varied from 1.2 to
19.1g 100 g

Wettability is the ability of a dry product to absorb water from a surface
and get wet. Wettability is defined as the amount of time (in seconds, s) that is
needed for a dry substance to bind water (Kapoor & Feng, 2022).

The obtained data on wettability showed a coincidence that for
dehydrated honey samples, which had a higher honey content, the wetting time
was shorter.

It was observed that the samples, which were obtained by both drying
methods and contained maltodextrin, had a better wettability (a shorter wetting
time) than the samples, which contained whey protein hydrolysate. The obtained
products’ wettability was not affected by the drying method (p>0.05). It was
affected by the used carrier (p<0.05).

The flowability of dry products is an important parameter that
characterises the potential of products processing (Chavez Montes et al., 2019).
The values of the Hausner ratio were used to describe the flowability of
dehydrated honey. The obtained results are shown in Table 11.

The calculated value of the Hausner ratio in most the samples was higher
than 1.2, which indicated that dehydrated products have high cohesion. The
particles of dehydrated honey tend to aggregate and form larger agglomerates
(Mercan et al., 2018). The flowability of dehydrated honey was significantly
affected (p<0.05) by both the drying method and carriers.

The water solubility of spray-dried and freeze-dried honey samples
ranged from 82 to 88%. It was describing as good. The obtained data shows that
when maltodextrin and whey protein hydrolysate are combined, the obtained
products have good solubility. By combining these carriers, whey protein
hydrolysate acts as an emulsifier, and maltodextrin acts as a matrix forming
material (Mohammed et al., 2020). The solubility of dehydrated products in
water was influenced by the used carriers (p<0.05).

Diastase activity that was detected in dry honey samples was expressed
as a diastase number (DN). Using spray drying and freeze-drying to obtain
dehydrated honey, a decrease in enzyme activity was detected in the obtained
products. Diastase activity varied from 1 to 11.8 DN. The lowest enzyme activity
was detected in the samples 25:75 M:MN and 25:75 M:MD(DE=4-7), that were
obtained by freeze-drying, and in the sample 25:75 M:MD(DE=10.4) that was
obtained by spray drying. In these dry honey samples, the enzyme activity was
not higher than 2 DN. Diastase activity of dehydrated honey samples is shown in
Figure 5.

Invertase activity, which was expressed as an invertase number (IN),
ranged from 0.15 to 7.83 IN (see Figure 6). The dehydrated honey samples that
were obtained by freeze-drying had higher enzyme activity. The results of the
statistical data analysis indicate that the dehydration method did not affect the
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invertase activity in the samples (p>0.05), but the carrier used in the dehydration
process did (p<0.05). High invertase activity, similar to diastase activity, was
determined in the samples that contained whey protein hydrolysate at different
concentrations.

The concentration of 5-hydroxymethylfurfural (5-HMF) in the honey
that was used to obtain the dehydrated product was 5.7+0.4 mg kg'. The
determined concentration of 5-hydroxymethylfufural in the samples of
dehydrated honey ranged from 11 to 80 mg kg™ (dry matter). The determined
concentration of 5-HMF in the analysed samples is summarised in Figure 7.

The concentration of 5-HMF was higher in the dehydrated honey samples
that were obtained by freeze-drying than the samples that were obtained by spray
drying. The collected data show (see Fig. 7) that the concentration of 5-HMF was
higher in samples that were prepared using maltodextrin. In both drying methods,
the 25:75 M:SPH sample showed one of the lowest concentrations of the
analysed compound (5-HMF).

Aqueous solutions of mixtures of honey and carrier, when dried with a
freeze-dryer, were exposed to the dehydration process for a longer period of time
than in spray drying. Therefore, the duration of dehydration affected the
concentration in the product. The dehydration method significantly affected the
concentration of 5-hydroxymethylfurfural in the product (p<0.05).

Phenolic compounds. 15 different phenolic compounds, such as
hydroxybenzoic acids, hydroxycinnamic acids, flavonoids, and phenolic
aldehyde, were detected in the dehydrated honey samples at different
concentrations. The data on the content of individual phenolic compounds —
hydroxybenzoic acids, hydroxycinnamic acids, flavonoids — in the dehydrated
honey samples were analysed using principal component analysis. The results of
the analysis indicated that the first principal component PC1 explains 48.8% of
the total variance of measurements and the second principal component PC2
explains 19.2% (see Figure 8).

The obtained principal component biplot (Fig. 8) shows that the majority
of variables (Rut, GA, Lut, CafA, DHBA, 4HBA, ChA, pCA) correlate with the
first principal component PC1. The variables SA, 2HCA, Kaemf, and VA
correlate with the second principal component. But the variables SnA and CatH
correlate with both, the first principal component PC1 and the second principal
component PC2.

Analysing the correlation of dehydrated honey samples with the principal
components PC1 and PC2, a very high correlation with the PC1 shows the
samples 70:10:20 M:MD(DE=10.4):SPH and 70:10:20 M:MD(DE=4-7):SPH
that were obtained by spray drying and the sample 25:75 M:MN that was
obtained by freeze-drying. The 60:40 M:SPH dehydrated honey sample that was
obtained by spray drying shows a very high correlation with the PC2. The
dehydrated honey samples 60:39:1 M:MD(DE=4-7):SPH, 60:39:1
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M:MD(DE=10.4):SPH, 70:10:20 M:MD(DE=4-7):SPH, 70:10:20
M:MD(DE=10.4):SPH, 25:75 M:MD(DE=10.4), and 60:40 M:SPH that were
obtained by freeze-drying are forming a cluster, which indicates that the samples
have a similar profile of phenolic compounds.

The experimentally determined content of phenolic compounds in the
dehydrated honey samples indicates that dehydration products are rich in
phenolic compounds.

Concentration of organic acids and proline. Tartaric, malic, and citric
acid concentrations were determined in the obtained dehydrated honey samples.
The detected concentration of tartaric acid in the analysed samples varied from
0.18t0 1.35 g 100 g* (dry matter), the concentration of malic acid in the samples
varied from 0.15 to 1.06 g 100 g* (dry matter), and the concentration of citric
acid varied from 0.03 to 0.15 g 100 g* (dry matter).

The dehydration method significantly affects the concentration of citric
acid (p<0.05), but not the concentrations of tartaric and malic acid (p>0.05). The
used carrier and its concentration in the mixture of honey and carrier have a
significant effect on the concentration of organic acids in the dehydrated product
(p<0.05).

The concentration of proline in the dehydrated honey samples that were
obtained by freeze-drying was higher than that in the samples that were obtained
by spray drying. The concentration of proline ranged from 107 to 293 mg kg™.

Morphology of dehydrated honey. Spray-dried honey samples were
chosen for the morphology analysis. The analysis was carried out using scanning
electron microscopy (SEM). The particles of the spray-dried honey are spherical.
In most cases, the surface of the microparticles was deformed. Figure 9 shows
that spherical microparticles have different sizes and are arranged densely,
forming aggregates.

Comparison of the used methods for honey dehydration. Two
dehydration methods were used to obtain dehydrated honey: spray drying and
freeze-drying. In the research, honey dehydration experiments were carried out
using laboratory-scale spray- and freeze-dryers. The yield of dehydrated honey
that was obtained using spray drying was significantly affected by the used
carrier and its concentration (p<0.05). The used carrier affected the yield of
freeze-drying (p<0.05), but the concentration of the carrier did not (p>0.05).

Analysing the results of the statistical data analysis about the effect of
carrier and drying method on the physical and chemical parameters of dehydrated
honey, it was determined that the carrier significantly affects (p<0.05) different
quality-describing parameters. The drying method significantly affected
parameters such as water content, flowability, diastase activity, 5-
hydroxymethylfurfural, gallic acid, 4-hydroxybenzoic acid, p-coumaric acid,
sinapic acid, catechin, rutin, kaempferol, citric acid, and proline concentration.
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Using agglomerative cluster analysis, dehydrated honey samples were
grouped into clusters according to their physical and chemical properties. The
obtained dendrogram (see Figure 11) shows that the dehydrated honey samples
are grouped into four clusters. Clustered samples are united by similar physical
and chemical parameters, which differ from other dehydrated honey samples.

Freeze-drying comparing to spray drying is a time-consuming process.
Freeze-drying is carried out in various steps. Spray drying uses less electricity
than freeze-drying.

The results of the research showed that both drying methods — spray
drying and freeze-drying— are suitable for obtaining dehydrated honey. The
analysis of the results showed it is not possible to state unequivocally which of
the used drying methods is the most suitable for obtaining dehydrated honey,
because the carrier had a significant effect on the physical and chemical
parameters of the dehydrated honey. For this reason, further research is needed,
using other carriers, and establishing criteria to determine the suitability of the
drying method.

CONCLUSIONS

1. In the research, the most suitable honey for dehydration experiments was

selected using a multi-criteria decision-making method. From the honey

samples analysed in the study, multifloral honey, which was collected in

Latvia, was chosen for honey dehydration as it showed one of the highest

criteria sums in the weighted normalised decision-making matrix.

Spray and freeze dryers can be used to produce dehydrated honey.

3. By adding different proportions of maltodextrin and whey protein
hydrolysate as carriers, it is possible to obtain dehydrated honey. Mannitol
is not a suitable carrier for obtaining dehydrated honey using a spray dryer.

4. The carriers selected in the study had a significant impact on the yield of
spray drying. The highest spray drying yield of 95% was obtained using
whey protein hydrolysate. Using a freeze-dryer, the yield of dehydrated
honey is over 80%.

5. Diastase activity in honey was 15.3+0.5 DN, invertase activity was
8.2+0.2 IN. Diastase and invertase activity in dehydrated honey samples was
lower than in honey. Diastase activity was higher in spray-dried dehydrated
honey samples than in freeze-dried honey samples. Invertase activity was
higher in dehydrated honey samples obtained by freeze-drying than those
obtained by spray drying. Dehydrated honey samples containing whey
protein hydrolysate showed high diastase and invertase activity.

6. The concentration of 5-hydroxymethylfurfural in dehydrated honey samples
was higher than in honey (5.7+0.3 mg kg?). The concentration of 5-
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10.

11.

hydroxymethylfurfural in freeze-dried honey samples were significantly
higher than in samples obtained by spray drying.

Proline concentration in dehydrated honey was lower than in honey
(310+21 mg kgh). The highest concentration of proline, 293 mg kg, was
determined in dehydrated honey samples containing whey protein
hydrolysate. Proline concentration was significantly higher in dehydrated
honey samples obtained by freeze-drying than in samples obtained by spray
drying.

The study found that the honey used for dehydration contained four organic
acids: tartaric acid, malic acid, citric acid, and ascorbic acid. The
concentration of organic acids ranged from 0.03 to 1.26 g per 100 g dry
matter. Three organic acids — tartaric acid, malic acid, and citric acid — were
found in dehydrated honey samples. The concentration of organic acids in
dehydrated honey samples obtained by freeze-drying was higher than in the
samples obtained by spray drying. The highest concentrations of organic
acids were determined in samples that contained whey protein hydrolysate.
The study found that dehydrated honey contains 14 different phenolic
compounds. The concentration of phenolic compounds was affected by both
the carrier and the drying method. A higher concentration of phenolic
compounds was determined in dehydrated honey samples containing whey
protein hydrolysate.

The study found that the physical parameters of dehydrated honey, such as
water activity, hygroscopicity, wettability, and water solubility, were
affected by the carrier. The flowability and water content of dehydrated
honey were affected by both the carrier and the drying method.

The results obtained in the doctoral research confirm the hypothesis that the
quality of dehydrated honey is affected by the drying method, the type of
carrier and its concentration.
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