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PETIJUMA OBJEKTS UN AKTUALITATE

Medus ir briniskiga, dabas dota velte, kuras radiSana piedalas augi un
medus bites (4pis mellifera). Sim izcilajam produktam piemit augstvértigas
uztura un dziednieciskas pasibas. Medus satur daudz dazadus oglhidratus.
Galvenie no tiem ir glikoze, fruktoze, saharoze, maltoze. Mingtie oglhidrati
atri uzsiicas cilvéka organisma. Bez oglhidratiem medus satur ari citas
vertigas vielas, piem€ram, enzimus (fermentus) — invertazi, amilazes,
glikozes oksidazi, katalazi, lipazi u.c., organiskas skabes — glikonskabi,
abolskabi, vinskabi, citronskabi u.c., vitaminus — B;, B,, B¢, PP, C u.c,,
mikro- un makroelementus — K, Ca, Na, Mg, Fe u.c. Tadél medum ir augsta
uzturvertiba, ka art arstnieciskas 1pasibas.

Latvijai, iestgjoties Eiropas Savieniba, jaharmonizé partikas produktu
kvalitates noveértésana ar ES prasibam. Tomér jaatzimé, ka pastavos$as
medus kvalitates noveértésanas normas ir dal&ji novecojusas un ieklautas
prasibas ir nepictickamas objektivai medus kvalitates novérté$anai. Tadel ir
nepiecieSama jaunu medus kvalitates noveértéSanas raditaju ievieSana, par ko
norit diskusijas ,,Starptautiskaja medus komisija”.

»Starptautiskaja medus komisija” diskutgjamie jaunie medus kvalitates
novertéSanas raditaji ir ,invertazes aktivitates” un ,prolina satura”
noteiksana.

Invertaze ir jutigaka, salidzinot ar amilaze€m, pret medus termisko
apstradi un ari1 atrak zaud@ savu aktivitati medus uzglabaSanas laika.
Invertazes esamibu ka medus kvalitates noveérteSanas raditaju ir ar1 griitak
viltot. Tapec invertaze ir ticamaks un precizaks medus kvalitates
noveértéSanas raditajs.

Prolins ir viena no medus galvenajam aminoskabém. Sis aminoskabes
noteikSana var kalpot par medus dabiguma raditaju. Tap€c prolina satura
noteikSana ir nozimigs medus kvalitates kontroles Iidzeklis.

Miisu piedavatie medus kvalitates novert€sanas raditaji ir ,,glikozes
oksidazes aktivitates” un ,,lizocima satura” medi noteikSana.

Enzima glikozes oksidazes klatbuitng glikoze oksidgjas par glikonskabi
un ka blakusprodukts ekvimolara daudzuma rodas tidenraza peroksids, kura
daudzums ir glikozes oksidazes aktivitates raksturotajs.

Lizocims ir enzims ar lielu antibakterialu un imunologisku nozimi. Ta
ka lizoctms atrodas ziedputeksnos, tad tam biitu jaatrodas armT meda.
Tadejadi lizocima saturs medd, vargtu bt ta kvalitates raksturotajs.



Darba mérkis — izvertet esoSos un diskutétos alternativos (invertaze un
prolins) medus kvalitates novérté$anas raditajus, ka arT izstradat un aprobét
jaunus medus kvalitates novertésanas raditajus.

Darba mérka sasniegSanai izvirziti $adi uzdevumi:

1)
2)
3)

4)

5)

6)

raksturot Latvija ievaktaja medi galveno medus enzimu -—
invertazes, glikozes oksidazes un amilazu aktivitates;

novertét Latvija ievaktaja medii prolina saturu, jo prolins ir viena
no medus galvenajam aminoskabém;

analizeét sakaribas starp dazadiem Latvija ievakta medus
fizikali — kTmiskajiem parametriem;

izstradat modificétu metodi lizocima satura noteikSanai medd, jo ta
ka lizocims atrodas ziedputeksSpos, tad tam butu jaatrodas arl
medi;

pétit hidroksimetilfurfurola (HMF) satura izmainas medus
termiskas apstrades laika, lai salidzinatu ta jutigumu ar citiem
termiski jutigiem medus komponentiem;

novertét Latvija ievaktd medus svarigakas sastavdalas un veikt
iegiito rezultatu matematisko analizi.

Pétijuma novitates

P&tTjumu rezultata:

1
2)
3)
4)
)
6)

7)

8)

izverteéta invertazes aktivitates noteikSana medus kvalitates
raksturoSanai, jo invertaze ir jutigaka salidzinot ar amilazém;
pirmo reizi Latvijas medus paraugiem noteikta invertazes
aktivitate;

izverteta prolina noteikSanas piem@rotiba medus kvalitates
raksturosanai, jo dabigs medus satur prolinu;

pirmo reizi Latvijas medus paraugiem noteikts prolina saturs;
aprobéta glikozes oksidazes aktivitates noteikSanas metode medus
termiskas apstrades novérté$anai, jo glikozes oksidaze ir termiski
jutigaka salidzinot ar amilazém,;

pirmo reizi Latvijas medus paraugiem noteikta glikozes oksidazes
aktivitate;

petita dazadu medus fizikali — Kimisko parametru: pH, kopgja
skabju satura, elektrovaditsp&jas un mineralvielu satura iectekme uz
medus kvalitati, ka arT to savstarpgjas sakaribas, lai var€tu
prognozet atseviska fizikali — kimiska parametra vertibu;

izstradata modificéta metode lizoctma satura noteikSanai medi, jo
medum bitu jasatur lizocims;



9) pirmo reizi noteikts lizocima saturs (aktivitate) Latvija ievaktajam

medum.

ZINATNISKA DARBA APROBACIJA

Par rezultatiem zinots LLU doktorantu zinatniskaja konference, LLU

PTF

starptautiskajas zinatniski — praktiskajas konferencés, ka arT

starptautiskajas konferencés Cehija, Polija, Krievija un simpozija Rumanija.

1.

Dimigs, F., Kiika, P., Kikka, M. Enzimi ka medus kvalitates raditaji
(Enzyme as parameters of honey quality). International Scientific
Conference “Innovation Development Trends of Food Products”,
Jelgava: LLU, 2006. g. 10. maija (referats/ oral presentation).
Dimins, F., Kuka, P., Kika, M. MHBeprasa u MNpoiHWH Kak
kputepun kauectBa Mena (Invertase and proline as criteria of
honey quality). International Scientific Practical Conference “New
Technologies in Traditional Food”, Jelgava: LLU, 2005. g.
10. maija (referdats/ oral presentation,).

Humunbm, @., Kyka, II., Kyka, M. lHBepra3za u mpoyiuH Kak
BCIIOMOTaTeNbHBIE KpuTepHuu KadectBa Mena (Invertase and proline
as assistant criteria of honey quality). 6" International Conference
L, Intermiod — 20057, Moscow: VVC, Pavillion 69, Russia,
21 anpens 2005 r (referats/ oral presentation).

Humunbi, @., Kyka, I1., Kyka, M., Yakcre, 1. I'nroko3o0kcunasza
Kak Kkputepuit kauectBa Mena (Glucose oxidase as criteria of honey
quality). 5™ International Conference , Intermiod — 2004,
Moscow: Exhibition Complex ,, Expostroy na Nahimovskom”,
Russia, 6 — 7 anpenst 2004 t (referats/ oral presentation).

Dimins, F., Kuka, P., Kuka, M., Cakste, I. The criteria of quality of
honey and its changes during storage. First International
Conference on *“ Advanced Analysis — Exploring Biological
Systems in Food”, Olsztyn: Institute of Animal Reproduction and
Food Research of Polish Academy of Sciences, Poland, 2003,
03 — 07 of September (stenda referdts/ poster presentation,).

Kyka, II., Humunbm, @., Kyka, M. Yakcre, U. Pusuko —
XMMHUYECKHe MapaMeTpsl U KadectBo Mena (Physical — chemical
parameters and honey quality). 4™ International Conference
., Beekeeping — XXI Century”, Moscow: Exhibition Complex
. Expostroy na Nahimovskom”, Russia, 4 — 5 cents6ps 2003 r
(referdts/ oral presentation,).



10.

11.

12.

13.

14.

Dimins, F., Kika, P., Kika, M. Bestimmung des Oxidations —
Reduktionspotentials in Honig (Determination of the oxidation —
reduction potential in the honey). International Scientific Practical
Conference “Safety Food Production for the Healthy Nutrition”,
Jelgava: LLU, 2003. g. 14. maija (referats/ oral presentation).
Dimins, F., Kuka, P., Kika, M. Bestimmung des Gehaltes an
Hydroxymethylfurfural in Honig (Determination of the content of
hydroxymethylfurfural in the honey). International Scientific
Practical Conference “Safety Food Production for the Healthy
Nutrition”, Jelgava: LLU, 2003. g. 14. maija (referdats/ oral
presentation).

Kuka, P., Dimins, F., Kuka, M., Cakste, I. Use of spectroscopic
methods for characterization of the quality of honey.
EuroConference ,,Modern Analytical Methods for Food and
Beverage Authentication”, Lednice: Mendel University of
Agriculture and Forestry, Horticultural Faculty, Czech Republic,
2002, 29 — 31 of August (stenda referats/ poster presentation).
Kuka, P., Dimins, F., Kuka, M., Cakste, I. Physical methods for
investigation of the quality of honey. The 5" International
Conference on Food Physics, Brno: Mendel University of
Agriculture and Forestry, Czech Republic, 2002, May 30 — June 1
(stenda referats/ poster presentation).

Dimigs, F., Kika, P., Kika, M. Ferments amilaze (diastaze) ka
medus kvalitates raksturotdjs (Enzymes amylases (diastasis) as
characteriser quality of honey). International Scientific Practical
Conference “New Trends in Quality Food Production”, Jelgava:
LLU, 2002. g. 25. marta (referats/ oral presentation).

Kuka, P., Dimins, F., Kuka, M., Cakste, I. The quality of honey
and its physical — chemical parameters. International Symposium
. Prospects for the Agriculture of the 3 Millenium”, Cluj —
Napoca: University of Agricultural Sciences and Veterinary
Medicine, Romania, 2001, 25 — 27 of October (stenda referats/
poster presentation).

Kuka, P., Dimins, F., Kuka, M., Cakste, I. Usage of physical
methods in the characterization of honey quality. International
Conference ,, Physical Methods in Agriculture”, Prague: Czech
University of Agriculture, Czech Republic, 2001, 27 — 30 of
August (stenda referats/ poster presentation).

Dimigs, F., Kika, M., Kika, P. Medus elektrovaditsp&ja un ar to
saistitie parametri (The conductivity of honey and coherence of
other parameters). Scientific Practical Conference “Future Trends
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15.

16.

17.

18.

in the Food and Nutrition Development”, Jelgava: LLU, 2001. g.
(referats/ oral presentation,).

Humunbm, ®., Kyka, I1., Kyka, M. Coxaepxanue nuzonuma u
nepekrcu Bojopoza B myenraoM mene (Content of lysozyme and
hydrogen peroxide in honey). 3™ International Scientific Practical
Conference «The Market of Food and Problems of the healthy
Nutritiony, Orla: State Technical University, Russia, 1 — 3 nexa0ps
2000 r (stenda referats/ poster presentation).

Kyxka, M., Cxapa, U. Iumunsm, @. Yakcre, U. Kyka, I1. Ouenka
kagecTBa Mema (Assessment of honey quality). 3™ International
Scientific Practical Conference « The Market of Food and
Problems of the healthy Nutrition », Orla: State Technical
University, Russia, 1 — 3 mexabps 2000 r (stenda referats/ oral
presentation).

Dimigs$, F. Lizocima saturs medii un ta noteik$ana (The content of
lysozyme in honey and its determination). International Scientific
Conference ,,Science Latvia Europe”, Jelgava: LLU, 2000. g.
22. —24. maija (referats/ oral presentation).

Mikelsone, V., Kika, M., Dimins, F. Lizocims biSu produktos
(Lysozyme in the bee products). Scientific Practical Conference
“21™ Century together with Science and Practice”, Jelgava: LLU,
2000. g. 29. marta (referats/ oral presentation).

Kopuma publicéti 14 zinatniskie raksti latviesu, vacu, anglu un krievu
valodas, no tiem 4 publicéti visparatzitos recenz&jamos izdevumos:

1.

Diming, F., Kiika, P., Kiika, M., Cakste, I. The criteria of honey
quality and its changes during storage and thermal treatment. LLU
Raksti. Jelgava: LLU, 2006, Nr.16 (311), 73. — 78. Ipp.

Kika, P., Dimins, F., Kika, M., Cakste, I. Usage of physical
methods in the characterization of the quality of honey. LLU
Raksti. Jelgava: LLU, 2002, Nr.6 (301), 29. — 32. Ipp.

Kika, P., Dimins, F., Kika, M., Cakste, L Physical methods for
investigations of the quality of honey. The 5™ International
Conference on Food Physics. Proceedings. Brno: Mendel
University of Agriculture and Forestry, Czech Republic, 2002,
pp. 55— 58.

Dimigs$, F. Lizocima saturs medii un ta noteikSana (The content of
lysozyme in honey and its determination). International Scientific
Conference “Science Latvia Europe”. Referati. Jelgava: LLU,
2000, 202. — 205. lpp.



10.

11.

12.

13.

Dimigs, F., Kika, P., Kika, M. HMaBepraza W mHpoIHH Kak
kputepun kaudectBa mena (Invertase and proline as criteria of
honey quality). International Scientific Practical Conference “New
Technologies in Traditional Food”. Referati. Jelgava: LLU, 2005,
248.—251. lpp.

Humunsi, @., Kyka, I1., Kyka, M., Yakcre, Y. ['moko3ookcuaasza
Kak kputepuii kauectBa Mena (Glucose oxidase as criteria of honey
quality). 5™ International Conference “Intermiod — 2004
Mamepuaner kongepenyuu. Peionoe: THY HUUIIL, Poccus, 2004,
c. 142 - 144.

Dimigs, F., Kuka, P., Kika, M. Bestimmung des Oxidations —
Reduktionspotentials in Honig (Determination of the oxidation —
reduction potential in the honey). International Scientific Practical
Conference “Safety Food Production for the Healthy Nutrition”.
Referati. Jelgava: LLU, 2003, 127. — 130. lpp.

Dimig$, F., Kioka, P., Kiika, M. Bestimmung des Gehaltes an
Hydroxymethylfurfural in Honig (Determination of the content of
hydroxymethylfurfural in the honey). International Scientific
Practical Conference “Safety Food Production for the Healthy
Nutrition”. Referati. Jelgava: LLU, 2003, 124. — 127. lpp.

Kyka, II., Humunbm, ®., Kyka, M. Yakcre, M. ®Puszuxko —
XIMHUYecKre mapaMeTpel u kKadectBo Mena (Physical — chemical
parameters and honey quality). 4™ International Conference
,,Beekeeping — XXI Century”. Mamepuanet KoHgpepeHyuu.
MockBa: MCX P®, Poccust, 2003, c. 83 — 85.

Dimig$, F., Kioka, P., Kika, M. Ferments amilaze (diastaze) ka
medus kvalitates raksturotajs (Enzymes amylases (diastasis) as
characteriser quality of honey). International Scientific Practical
Conference “New Trends in Quality Food Production”. Referati.
Jelgava: LLU, 2002, 127. — 130. Ipp.

Dimigs$, F., Kika, M., Kiika, P. Medus elektrovaditsp&ja un ar to
saistitie parametri (The conductivity of honey and coherance of
other parameters). Scientific Practical Conference “Future Trends
in the Food and Nutrition Development”. Referati. Jelgava: LLU,
2001, 131. - 136. lpp.

Mikelsone, V., Kika, M., Dimins, F. Lizocims biSu produktos
(Lisozyme in the bee products). Scientific Practical Conference
“21™ Century Together with Science and Practice”. Referdti.
Jelgava: LLU, 2000, 71. — 73. Ipp.

Humunemi, @., Kyka, I1., Kyka, M. Cogpepxanue nuzouuma u
nepekucu Bogopoaa B muenuHoM mene (Content of lysozyme and
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14.

hydrogen peroxide in honey). 3 International Scientific Practical
Conference “The Market of Food and Problems of the healthy
Nutrition”. Mamepuanvr kougepenyuu. Open: ocynapcTBeHHBII
TeXHU4Yeckuil yHuBepcuret, Poccus, 2000, c. 218 — 220.

Kyka, M., Ckapa, Y., lumunbin, @., Yakcre, 1., Kyka, I1. Ouenka
xauecTBa Mena (Assessment of honey quality). 3™ International
Scientific Practical Conference “The Market of Food and Problems
of the healthy Nutrition”. Mamepuanwr rougpepenyuu. Open:
T'ocynapcTBennblii TexHudyeckuidl yHuBepcurer, Poccus, 2000,
c.225-228.

MATERIALI UN METODES

Pétijumu norises vietas

Petfjumi veikti laika no 2000. gada lidz 2006. gadam. Analizes veiktas
LLU Kimijas katedras laboratorijas un V/a Sabiedribas Veselibas agenttras
ktmijas laboratorija.
Pétijumu objekts

Analizeti dazadu skirnu medus paraugi no vairakiem Latvijas

rajoniem, ka arT dazi ievesta medus paraugi:

dazadu ziedu — Saldus rajons, Blidenes mezsaimnieciba “Bérzini”;
Dobeles rajons, Vitinu pagasts, “Lielvaicéni”; Ventspils rajons;
C&su rajons; Rigas rajons;

liepziedu — Saldus rajons, Blidenes mezsaimnieciba “Beérzini”;
Dobeles rajons, Vitinu pagasts, “Lielvaicéni”;

virSu ziedu — Saldus rajons, Blidenes mezsaimnieciba “Bérzini”;
Dobeles rajons, Vitinu pagasts, “Lielvaicgni”;

meza ziedu — Saldus rajons, Blidenes mezsaimnieciba “Beérzini”;
Jekabpils rajons, Viesite; Dobeles rajons, Vitinu pagasts
“Lielvaiceni”;

rapsu ziedu — Rigas rajons;

griku ziedu — Dobeles rajons, Vitinu pagasts, “Lielvaicéni”;

plavu ziedu — Jékabpils rajons, Viesite;

kumelisu ziedu — Saldus rajons, Blidenes meZsaimnieciba,
“Berzini”;

pavasara ziedu — Aliiksnes rajons; Rézeknes rajons;

izlases ziedu (amolina, griku un fac€liju ziedu) — C@su rajons,
“Kalna — Smizes”;

dazadu ziedu — Vacija, Ungarija un Danija;

liepziedu — Ungarija, Vacija;

10



e akaciju ziedu — Ungarija;

e “Langneses” — Vacija.

Svaigi medus paraugi ar specialu Latvija razota medus precu zimi
iegadati ,,Latvijas Bite” veikalos.

Medus kvalitates izveértéSana izmantotas gan standartmetodes, gan
literatlira aprakstitas metodes. Lizoctma satura medil noteikSana izmantota
misu izstradata (modificéta) metode.

1. tabula/ Table 1

Medus kvalitates novértéSanas standartmetodes
Standard methods for assessment of honey quality

Raditajs Metode Standarts

Parameter Method Standard
Udens satura noteiksana Refraktometrija DIN
Determination of water content Refractometry 10752:1992
Hidroksimetilfurfurola satura
noteikSana Spektrofotometrija DIN 10751
Determination of Spectrophotometry Teill 1992
hydroxymethylfurfural content
Diastazu aktivitates noteik$ana Spektrofotometrija DIN
Determination of diastases activity Spectrophotometry 10750: 1995
Kopgjo skabju satura noteikSana Potenciometrija DIN
Determination of total acids content Potentiometry 10756: 1995
Elektrovaditspg&jas noteikSana Konduktometrija DIN
Determination of conductivity Conductometry 10753:1994
Smago metalu satura noteik$ana Atomabsorbeiometriia AOAC Official
Determination of heavy metals . MEUU2 1 Method 986. 15,

Atomic absorption

content 1988

2. tabula/ Table 2

Medus kvalitates novértéSanai izmantotas literatiira aprakstitas un
“Starptautiskas medus komisijas” ieteiktas metodes
Methods recommended by “International Honey Commission” and in
literature descripted for estimation of honey quality

Raditajs Metode Literatiira
Parameter Method Literature
Reducgjoso cukuru un saharozes satura
noteiksana Spektrofotometrija
Determination of reducing sugars and | Spectrophotometry > 1985
saccharose content
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2. tabulas nobeigums

End of Table 2
Raditajs Metode Literatiira

Parameter Method Literature
Invertazes aktivitates noteikSana Spektrofotometrija
Determination of invertase activity Spectrophotometry Bogdanov, 2002
Prolina satura noteikSana Spektrofotometrija
Determination of proline content Spectrophotometry Bogdanov, 2002
Glikozes oksidazes aktivitates noteiksana Indikatortests Glucose oxidase,
Determination of glucose oxidase activity Test strip 2003

Izstradatas modificétas lizocima satura noteik§anas metodes pamata ir
lizocima spgja lizét Micrococcus lysodeikticus $tinapvalkus.

Tika gatavota virkne lizocima standartskidumu. P&c to iedarbibas ar
substratu Micrococcus lysodeikticus tika mérita Skidumu gaismas absorbcija
un konstruéts kalibréSanas grafiks. Péc medus skidumu iedarbibas ar
substratu, tika noteikta medus $kidumu gaismas absorbcija. PEc kalibrésanas
grafika tika aprékinats lizocima saturs medu.

REZULTATI UN DISKUSIJA

1. ReducgjoSo cukuru un saharozes saturs medii atkariba no
ievakSanas gada

Ka medus galvenie cukuri minami glikoze, fruktoze un saharoze.
Glikoze un fruktoze ir galvenie medus reducgjosie cukuri, kuru daudzums
medi attiecigi vidgji ir 31,3% un 38,2%. Iznémums ir izsviduma medus,
kura reducgjoso cukuru saturs ir mazaks. Saharozes saturs medi ir atkarigs
no medus nogatavinatibas pakapes.

Pastav uzskats, ka medus sastavs butiski mainas atkariba no
sezonalitates rakstura.

Reducgjoso cukuru un saharozes saturs analiz€tajos medus paraugos
atkariba no ievakSanas gada atspogulots 3. tabula.
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3. tabula/ Table 3

Reducégjoso cukuru un saharozes saturs medi

atkariba no ievakSanas gada

Content of reducing sugars and saccharose in honey

depending from the year of gathering

Reducgjoso cukuru Saharozes

Medus paraugs IevakSanas vieta saturs, % saturs, %

Sample of honey Place of gathering Content of Content of
reducing sugars, %  saccharose, %
2002. ievaksanas gads
2002. gathering year

Dazadu ziedu Ventspils rajons
Various flowers Ventspils district 828+06 35402
Dazadu ziedu Saldus rajons
Various flowers Saldus district 73:9£0.5 15201
Virsu ziedu Dobeles rajons
Heather —blossom  Dobele district 80.5£06 0901
Rapsu ziedu Rigas rajons
Rape flowers Riga district 790£0.5 30£02
Griku ziedu Dobeles rajons
Buckwheat Dobele district 73.7+04 2.1+0.1
flowers
Kumelisu ziedu Saldus rajons
Camomile flowers ~ Saldus district 80.3£05 08+01
Plavu ziedu Jekabpils rajons
Meadow flowers Jekabpils district 738405 22£0.1
Meza ziedu Dobeles rajons
Wild flowers Dobele district 823+06 23£01
Meza ziedu Saldus rajons
Wild flowers Saldus district 74303 0801
Dazadu ziedu Ungarija 778405 30402
Various flowers Hungary
Lienzi >

iepziedu Ungarija 792405 12+0.1
Lime — blossom Hungary
Akaciju ziedu Ungarija 771405 0.8+0.1
Acacia flowers Hungary

2001. ievaksanas gads
2001. gathering year

Dazadu ziedu C@su rajons
Various flowers Cesis district 781205 28402
Dazadu ziedu Rigas rajons
Various flowers Riga district 738+£04 1801
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3. tabulas nobeigums

End of Table 3
Reducgjoso cukuru Saharozes

Medus paraugs Ievaksanas vieta saturs, % saturs, %

Sample of honey  Place of gathering Content of Content of
reducing sugars, %  saccharose, %

Liepziedu Saldus rajons
Lime — blossom Saldus district 82.7£06 21402
Liepziedu Dobeles rajons
Lime — blossom Dobele district 737405 1101
Liepziedu Saldus rajons
Lime — blossom Saldus district 78305 2.2£02
Virsu ziedu Saldus rajons
Heather — blossom  Saldus district 76.3£05 13201
Virsu ziedu Saldus rajons
Heather — blossom  Saldus district 772405 0901
Pavasara ziedu Rézeknes rajons
Spring flowers Rezekne district 804£05 0701
Pavasara ziedu Alitiksnes rajons
Spring flowers Aluksne district 73:3£04 14£01
Izlases ziedu C@su rajons
Selected flowers Cesis district 81.9+0.6 1.8£0.1
Meza ziedu Saldus rajons
Wild flowers Saldus district 819405 13201
Dazadu ziedu Danija
Various flowers Denmark 80.6£05 0901
Dazadu ziedu Vacia 80.6+0.5 10+0.1
Various flowers Germany
Liepziedu Vacija 766405 1.9 +0.1
Lime — blossom Germany

Ievakuma gada ietekmes analizei uz reduc€joso cukuru un saharozes
saturu medi tika izmantots Mann — Vitneja tests, jo analiz€to datu kopai ir
viena kvantitativa atkariga pazime, bet neatkariga pazime ir kvalitativa.

Ievakuma gada ietekme uz reducgjoso cukuru saturu medi.

Datu analize pieradija, ka divu ievakuma gadu dazadu veidu medi
vidgjais reducg€joso cukuru saturs bitiski neatSkiras ar butiskuma Iimeni
a=0.01 (p=0.607> a=0.01).

Ievakuma gada ietekme uz saharozes saturu meda.

Datu analize pieradija, ka divu ievakuma gadu medus paraugos vid€jais
saharozes saturs bitiski neatSkiras ar butiskuma Itmeni a = 0.01
(p=0.486> a=0.01I).
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Datu analiz€ iegiitie rezultati lauj secinat, ka gan saharozes, gan
reducgjoso cukuru saturs dazadu veidu medi nav butiski atkarigs no medus
ievaksanas gada.

Reducgjoso cukuru saturs ziedu un izsviduma medus kvalitates
novertesanas standartos ir diferencéts. ES un Codex Alimentarius standartos
noteikts, ka ziedu medi tam ir jabiit > 60 g 100 g, izsviduma — lapu medi
>45 g 100 g"'. Tadam pat $o cukuru saturam jabat arT ziedu un izsviduma —
lapu medus maisijumos.

Saharozes satura norma abos standartos ir vienada, saharozes saturs
nedrikst parsniegt 5%. Atseviskam medus Skirném pielaujamais saharozes
saturs ir lielaks, piem@ram, lucernas un citrusaugu medi Iidz 10%, bet
lavandu un gurku métru medi pat Iidz 15%.

Analizu dati liecina, ka reduc€joSo cukuru un saharozes saturs pétitajos
medus paraugos atbilst LR un ES medus kvalitates novertésanas
standartiem, ka ar1 saskan ar literatiira dotajiem datiem.

2. Kopgjais skabju un tidens saturs medii atkariba no ievakSanas gada

Ta ka medus satur dazadas skabes, kuru disociacijas konstantes ir loti
atskirigas, tad ka medus kvalitates raksturotajparametri ir gan ta aktivais
(pH), gan kopégjais skabums. Medus kop&jo skabumu nosaka taja esosSas
skabes, sali, mineralvielas, olbaltumvielas, oglekla (IV) oksids. Palielinats
tdens saturs medd veicina ta iesp&jamo rigSanu un peléSanu, ka rezultata
palielinas arT skabju saturs.

Kopgjo skabju un tdens saturs dazados medus paraugos atkariba no
ievakSanas gada atspogulots 4. tabula.

4. tabula/ Table 4
Kopgjais skabju un iidens saturs medii atkariba no ievakSanas gada

Total acids and water content in honey depending
from the year of gathering

Medus paraugs Ievaksanas vieta Udens saturs, % Skabju Satlll:S,
L Content of acids,
Sample of honey  Place of gathering  Content of water, % 1
mmol kg
2002. ievaksanas gads
2002. gathering year
Dazadu ziedu Ventspils rajons
Various flowers Ventspils district 170£02 1241
Dazadu ziedu Saldus rajons
Various flowers Saldus district 20.2£03 2l
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4. tabulas turpinajums

Continuation of Table 4

Skabju saturs,
Medus paraugs Ievaksanas vieta Udens saturs, % mmol kg
Sample of honey  Place of gathering  Content of water, %  Content of acids,
mmol kg
Liepziedu Dobeles rajons
Lime — blossom Dobele district 18.1£02 1411
VirSu ziedu Dobeles rajons
Heather — blossom  Dobele district 166402 2+l
Rapsu ziedu Rigas rajons
. L. + +
Rape flowers Riga district 182402 1+l
Griku ziedu Dobeles rajons
Buckwheat flowers ~ Dobele district 190402 37+2
Kumelisu ziedu Saldus rajons
Camomile flowers  Saldus district 174+02 3l
Plavu ziedu Jekabpils rajons
Meadow flowers Jekabpils district 162402 25+l
Meza ziedu Dobeles rajons
Wild flowers Dobele district 174202 35+l
MeZa ziedu Saldus rajons
Wild flowers Saldus district 158402 3l
Dazadu ziedu Ungarija 202403 44+2
Various flowers Hungary
Liepziedu Ungarija 178402 141
Lime — blossom Hungary
Akacyu ziedu Ungarija 178402 1241
Acacia flowers Hungary
2001. ievaksanas gads
2001. gathering year
Dazadu ziedu C&su rajons
Various flowers Cesis district 172£02 M+l
Dazadu ziedu Rigas rajons
Various flowers Riga district 184402 39+2
Izlases ziedu C&su rajons
Selected flowers Cesis district 161+02 32+l
Liepziedu Saldus rajons
Lime — blossom Saldus district 172402 1941
Liepziedu Dobeles rajons
Lime — blossom Dobele district 170£02 Bl
Liepziedu Saldus rajons
Lime — blossom Saldus district 168+02 23+l
Virsu ziedu Saldus rajons
Heather —blossom  Saldus district 205403 2442
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4. tabulas nobeigums

End of Table 4
Skabju saturs,
Medus paraugs Ievaksanas vieta Udens saturs, % mmol kg
Sample of honey  Place of gathering  Content of water, %  Content of acids,
mmol kg'l
Virsu ziedu Saldus rajons
Heather —blossom  Saldus district 15202 2342
Pavasara ziedu Aluksnes rajons
. L + +
Spring flowers Aluksne district 16.1£0.2 2742
Pavasara ziedu Rezeknes rajons
Spring flowers Rezekne district 160£0.2 23+2
Meza ziedu Saldus rajons
Wild flowers Saldus district 15602 24+2
Dazadu ziedu Danija
Various flowers Denmark 14402 33+1
Dazgdu ziedu Vacija 188402 3+
Various flowers Germany

4. tabula apkopotie dati tika izmantoti, lai novértétu tidens un kopgja
skabju satura atSkiribas atkariba no medus ievakuma gada. Datu analizei
izmantots Mann — Vitneja tests.

Ievakuma gada ietekme uz iidens saturu medd.

Datu analize pieradija, ka divu ievakuma gadu medus paraugos vid&jais
tidens saturs biatiski neatSkiras ar bitiskuma Iimeni a = 0.01
P=0.081 > a=0.01).

Ievakuma gada ietekme uz kopéjo skabju saturu medi.

Datu analize pieradija, ka divu ievakuma gadu medus paraugos vid&jais
skabju saturs butiski neatS8kiras ar bitiskuma Iimeni o = 0.0]
(P=0.448> a=0.01).

Datu analizé iegtitie rezultati lauj secinat, ka gan tdens saturs, gan
skabju daudzums medi nav batiski atkarTgs no medus ievakuma gada.

Saskana ar LR un ES standartiem brivo skabju saturs meda nedrikst biit
liclaks par 50 mmol kg'. Riipnieciskaja medi tas var bat pat lidz
80 mmol kg™

Maksimali pielaujamais Tidens saturs medii LR un ES standartos ir
20%. Medus ar lielaku @idens saturu var viegli sarligt vai sapel&t. Ar
paaugstinatu tidens saturu (Iidz 23%) var biit, pieméram, virSu un abolina
medus.

Analizu dati liecina, ka tdens un skabju saturs pétitajos medus
paraugos atbilst medus kvalitates novertésanas standartiem, ka arT saskan ar
literatlira noraditajiem datiem.
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3. Smago metalu saturs medii

Ar partiku un tai skaita medu uznemts palielinats smago metalu saturs
var izsaukt dazadas izcelsmes slimibas vai nervu darbibas trauc&umus.
Tadgl ir svariga smago metalu satura kontrole.

legiitie rezultati paradija, ka smago metalu saturs medd ir dazads un
varig visai plasa intervala: Cr 0,10 — 0,28 mg kg’l; Zn 0,70 — 1,57 mg kg'l;
Pb 0,142 — 0310 mg kg'; Cd 0003 — 0023 mg kg’
Cu 1,00 — 2,40 mg kg™; Ni 0,09 — 1,16 mg kg™'; Mn 1,40 — 11,90 mg kg™

Smago metalu saturs analiz€tajos Latvijas medus paraugos visuma
atbilst literatiira dotajiem datiem.

Tagadgjos Latvijas un ES medus kvalitates novértésanas standartos nav
mingtas smago metalu satura maksimali pielaujamas koncentracijas (MPK).
Jaatzimé, ka pirms iestaSanas ES, medus kvalitates novértéSanas Latvijas
standartos daziem metaliem tas pastavgja.

legiitie rezultati lauj secinat, ka v€lams ir ieviest medus kvalitates
novertesanas standartos art smago metalu kontroli.

4. Saistibas analize starp dazadiem medus fizikali — kimiskajiem
raditajiem
Darba tika veikta sakaribu analize starp dazadiem medus fizikali —
kimiskajiem parametriem. P&tito medus paraugu fizikali — Kkimiskie

parametri atspoguloti 5. un 6. tabula.

5. tabula/ Table 5

Medus pH un kopéjais skabju saturs
pH of honey and content of total acids

Skabju saturs,

Medus paraugs Ievak$anas vieta H (20°C) mmol kg'1

Sample of honey  Place of gathering P Content of acids,
mmol kg’1

Dazadu ziedu C@su rajons
Various flowers Cesis district 3.66+0.02 20+1
Dazadu ziedu Rigas rajons
Various flowers Riga district 3.95+0.02 39+2
Dazadu ziedu Saldus rajons
Various flowers Saldus district 4.08+0.02 31
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5. tabulas nobeigums

End of Table 5
Skabju saturs,
Medus paraugs Ievaksanas vieta H (20°C) mmol kg’
Sample of honey  Place of gathering P Content of acids,
mmol kg™
Liepziedu Saldus rajons
Lime — blossom Saldus district 4.13£0.02 19+1
Liepziedu Dobeles rajons
Lime — blossom Dobele district 3.87+0.02 28%1
Liepziedu Saldus rajons
Lime — blossom Saldus district 3.87+0.02 3%l
Virsu ziedu Saldus rajons
Heather — blossom  Saldus district 4.48£0.02 23+l
Virsu ziedu Saldus rajons
Heather — blossom  Saldus district 4.42£0.02 24l
Pavasara ziedu Rézeknes rajons
Spring flowers Rezekne district 426£0.02 23+l
Pavasara ziedu Altiksnes rajons
Spring flowers Aluksne district 4.44£0.02 27+1
Izlases ziedu C@su rajons
Selected flowers Cesis district 3.85+0.02 321
Meza ziedu Saldus rajons
Wild flowers Saldus district 4.15+0.02 24l
,Langneses” Vacija 3.91+0.02 24+1
Germany
Dazadu ziedu Danija
Various flowers Denmark 424£0.02 31

No 5. tabulas rezultatiem redzams, ka analiz€to medus paraugu pH
svarstas intervala 3,66 — 4,48. Ja salidzina Latvijas medus paraugu vidgjo
pH, kas ir apm&ram 4,1 ar arvalstu medus paraugiem, tad var konstatet, ka
butisku atskiribu nav.

Iegttie rezultati lauj secinat, ka kop€jais skabju saturs medi atbilst LR
un ES medus kvalitates standartiem (< 50 mmol kg™), ka arf literatiira
uzdotajiem medus pH un kopgja skabju satura datiem.
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6. tabula/ Table 6

Medus §kidumu ipatnéja elektrovaditspéja un
mineralvielu saturs medii
Specific conductivity of honey solutions and content of mineral
substances in honey

Ievaksanas Elektrovaditspéja, Mineralvielu
Medus paraugs vieta Conductivity saturs, %
Sample of honey Place of (20 g 100 mI™) Content of mineral

gathering uS em™ (25°C) substances, %
Dazadu ziedu Ce@su rajons
Various flowers Cesis district 254=1 0.094 £0.004
Dazadu ziedu Rigas rajons
Various flowers Riga district 4282 0.21240.008
Dazadu ziedu Saldus rajons
Various flowers Saldus district 362+2 0.158 0.008
Liepziedu Saldus rajons
Lime — blossom  Saldus district 430+2 0.219 £ 0.008
Liepziedu Dobeles rajons
Lime — blossom  Dobele district 234+2 0.070 £ 0.006
Liepziedu Saldus rajons
Lime — blossom  Saldus district 327+2 0.120 £ 0.006
Virsu ziedu Saldus rajons
Heather-blossom  Saldus district 330+3 0.330+0.008
Virsu ziedu Saldus rajons
Heather-blossom  Saldus district 560+3 0.201+0.008
Pavasara ziedu Reézeknes rajons
Spring flowers Rezekne district 3202 0.150 £0.008
Pavasara ziedu Aluksnes rajons
Spring flowers Aluksne district 36242 0.173 £0.008
Izlases ziedu Ce@su rajons
Selected flowers  Cesis district 31=2 0.069 +0.008
Meza ziedu Saldus rajons
Wild flowers Saldus district 326+2 0.144 £ 0.007
,Langneses” Vvacija 280+ 1 0.084 + 0.006
Germany

Dazadu ziedu Danija
Various flowers Denmark 377 %2 0.18140.008

No 6. tabulas datiem redzams, ka Latvijas medus paraugiem ipatn&ja
elektrovaditspgja ir intervala 234 — 560 uS cm’™.

Veikto pétijumu rezultati apliecina medus Ipatngjas elektrovaditspgjas
atbilstibu ES standartos noteiktajam medus kvalitates kontroles normam, ne
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vairak ka 800 uS cm™” medus $kidumiem ar 20 g 100 ml” lielu masas
koncentraciju.

5. un 6. tabulas dati tika izmantoti dazadu fizikali — kimisko parametru
saistibas petfjumiem.

Mineralvielu satura un ipatngjas elektrovaditsp&jas savstarp&jo saistibu
raksturo 1. attels.

£ 2504
E - 1.23
§ 200 y=456.03x"" +71.53 A
3 R>=0.93
5 A
g £ 150 - “
S » A
%100 - add a
= 2 A
g~ P
2 50 -
=
o
o 0
0.00 0.10 0.20 0.30 0.40

Mineralvielu saturs (content of mineral substances),%

@ cksperimentalas veértibas (experimental value)
A 95% individualas prognozes zona (prognoses area)

1. att. Mineralvielu satura medi un patngjas elektrovaditsp&jas savstarpéja saistiba.
Fig. 1. Correlation between content of mineral substances and conductivity.

1. att€la dati uzrada labu sakaribu starp mineralvielu saturu medd un
medus Skiduma ipatngjo elektrovaditsp&ju. Par to liecina determinacijas
koeficients. 1. att€la izmantotais modelis 1patn&jas elektrovaditsp€jas
izmainas atkariba no mineralvielu satura medi izskaidro par 93%. Tas
nozimé, ka doto modeli var izmantot mineralvielu satura vai
elektrovaditsp&jas vertibu aptuvenai prognozésanai.

Medi esoSie dazadie sali veido mineralvielu satura lielako dalu.
Mineralvielu satura medil un Ipatngjas elektrovaditspgjas visai tuva lineara
korelacija labi saskan arT ar literatlira esosajiem datiem.

Mineralvielu satura un medus pH savstarpgjo saistibu parada
2. attels.
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2. att. Mineralvielu satura medii un pH savstarpg&ja saistiba.
Fig. 2. Correlation between content of mineral substances and pH of honey.

2. attela dati parada, ka starp mineralvielu saturu medi un pH pastav
saisttba. 2. att€la atspogulotais modelis pH izmainas atkariba no
mineralvielu satura medii izskaidro par 57%.

Medus pH nosaka taja esoSo skabju disociacijas konstantes un
disociacijas pakapes, kas ir nelielas. Janem veéra ar1 dal€ja salu hidrolize.

Medus pH un 1patngjas elektrovaditspgjas saistibu parada 3. attels.
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3. att. Medus pH un 1patngjas elektrovaditspgjas savstarp&ja saistiba.
Fig. 3. Correlation between pH and specific conductivity of honey.

3. att€la dati parada, ka starp medus pH un Ipatngjo elektrovaditsp&ju
novérojama vidgja korelacija. 3. att€la atspogulotais modelis ipatngjas
elektrovaditsp&jas izmainas atkariba no medus pH spgj izskaidrot par 54%.

St korelacija izskaidrojama ar to, ka medi esofo salu saturs nosaka
medus elektrovaditspgju. Savukart no salu un medi esoSo skabju satura
atkarigs medus pH. Medus elektrovaditspgju nosaka galvenokart stiprie
elektroliti, pamata sali. Savukart medus pH veidosana zinamu ieguldijumu
dod gan skabes (parsvara vajie elektroliti), gan hidroliz&ti sali.

Kopgja skabju satura un pH saistibu parada 4. attgls.
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4. att. Kopgja skabju satura medii un pH savstarpgja saistiba.
Fig. 4. Correlation between content of total acids and pH of honey.

4. attela dati uzrada, ka nepastav korelacija starp skabju saturu meda
un medus pH, par ko liecina determinacijas koeficienta lielums, ka ari
hipotézes, ka taisnes virziena koeficients ir vienads ar nulli apstiprinasanas.

Tam ir izskaidrojums, jo medus satur dazadas organiskas skabes ar
mazam disociacijas konstantem (K), pieméram, 20 °C temperatiira
etikskabei K = 1,75-107; sviestskabei K = 1,51-107; pienskabei
K = 1,37-10* skudrskabei K = 1,77-10*. Ta ka medi eso$ds organiskas
skabes ir vajas un ar to kopgjais saturs ir neliels, tikai 0,3 — 0,4%, tad
skabju daba un to saturs maz ietekme medus pH.

5. Medus oksidésanas — reducé$anas potencials

Medus oksideéSanas — reduc€Sanas potencialu dazadiem medus
paraugiem atspogulo 7. tabula.
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7. tabula/ Table 7

Medus oksidé$anas — reducéSanas potencials
Oxidation — reduction potential of honey

Medus paraugs Ievak3anas vieta Redokspotenc.l als,
. Redoxpotential,
Sample of honey Place of gathering

EH’ mV
Dazadu ziedu Ventspils rajons R0 +3
Various flowers Ventspils district -
Dazadu ziedu Saldus rajons 7043
Various flowers Saldus district -
Meza ziedu Saldus rajons 18345
Wild flowers Saldus district -
Meza ziedu Dobeles rajons 7543
Wild flowers Dobele district
Rapsu ziedu R%gas rajons 125+5
Rape flowers Riga district
Griku ziedu Dobeles rajons 145 + 5
Buckwheat flowers Dobele district -
Kumelisu ziedu Saldus rajons 142+5
Camomile flowers Saldus district -
Virsu ziedu Dobeles rajons 245
Heather — blossom Dobele district
Liepziedu Ungarija
Lime — blossom Hungary 140£5
Dazadu ziedu Ungarija 5643
Various flowers Hungary -
Akaciju ziedu Ungarija 7343
Acacia flowers Hungary B

7. tabulas dati rada, ka analiz€to medus paraugu oksidéSanas —
reduc€$anas potenciali ir dazadi. Atseviskam medus paraugu Skirném ir
atSkirigs redokspotencials. Dazi autori (3amkuna, 1999; Uemyproii, 2002)
izsaka viedokli, ka medus oksidéSanas — reduc€Sanas potencialu vargtu
izmantot medus Skirnu identific€Sana.

Tomeér miisu ieglitie rezultati to apstiprina tikai dalgji, jo dazu atskirigu
medus Skirnu oksidésanas — reducésanas potenciali ir lidzigi.

6. Medus termiska apstrade un enzimu aktivitate

Paslaik LR un ES standartos medus svaiguma un iespgjamas medus
termiskas apstrades novertésanai tiek lietota HMF (hidroksimetilfurfurola)

satura un amilazu aktivitates noteikSana medu.
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8. tabula atspogulota amilazu aktivitaite un tas izmainas medi
uzglabasanas laika dazados Latvija ievakta medus paraugos, ka arT dazos
Vacijas un Danijas medus paraugos.

8. tabula/ Table 8

Amilazu aktivitate un tas izmaina medus uzglabasanas laika
Activity of amylases and its changes during storage of honey

Amilazu aktivitate

IevakSanas vieta Amllﬁ'zu aktivitate (péc 48 ménesiem)
Medus paraugs Place of (svaigs medus) Activity of
Sample of honey gathering Activity of amylases amylases
(fresh honey) (after 48 mounth)
Meza ziedu C&su rajons
Wild flowers Cesis district 286408 128£0.5
Izlases ziedu C&su rajons
Selected flowers Cesis district 19.5£0.6 85+0.5
Meza ziedu Jekabpils rajons
Wild flowers Jekabpils district 212£06 9.1£0.5
Pavasara ziedu Jekabpils rajons
. . e + +
Spring flowers Jekabpils district 175£06 6.3£0.5
Pavasara ziedu Aluksnes rajons
Spring flowers Aluksne district 220£07 110405
Dazadu ziedu Saldus rajons
Various flowers Saldus district 235£06 107£0.5
Virsu ziedu Saldus rajons
Heather— Saldus district 35.7+09 13.9+0.5
blossom
Pienenu ziedu Madonas rajons
Dawdelion Madona district 30.8+0.8 14.6+0.5
flowers
Liepziedu Dobeles rajons
Lime — blossom Dobele district 24.0+0.6 12.0+0.5
Dazadu ziedu Danija
Various flowers Denmark 106£0.5 104
,, Vacija
+ +
,Langneses Germany 72105 29+03
Liepziedu Vacija
+ +
Lime — blossom Germany 10.1+0.5 32+04

8. tabulas dati atspogulo, ka amilazu aktivitate visos Latvijas
analiz&tajos medus paraugos atbilst medus kvalitates novértésanas normam,
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kas nosaka, ka diastazes skaitlis (amilazu aktivitate) nedrikst bt mazaks par
astoni.

Salidzinot ievesta medus paraugu analizu datus (Danija un Vacija),
redzams, ka amilazu aktivitate $o paraugu medi ir maza. Tas izskaidrojams
ar iesp&jamo ilgstoso medus uzglabasanu vai termisko apstradi.

Medus uzglabasanas ietekmi uz amilazu aktivitati raksturo tas
samazinajums no 2 — 2,5 reiz€m péc 48 ménesu uzglabasanas. Analiz&to
medus paraugu amilazu aktivitates lielumi labi saskan ar literattira dotajiem
datiem.

HStarptautiskaja medus komisija” norit diskusijas par enzima invertazes
aktivitates noteikSanas ievieSanu medus kvalitates noveérteSanai amilazu
aktivitates noteikSanas vieta.

Invertazes aktivitates izmainas medii uzglabaSanas laika paraditas
5.a, 5. b att€los.
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5. a att. Invertazes aktivitates izmainas medu uzglabajot.
Fig. 5.a. Changes of invertase activity during storage of honey.
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5. b att. Invertazes aktivitates izmainas medu uzglabajot.
Fig. 5. b. Changes of invertase activity during storage of honey.

Ka redzams no 5. a un 5. b att€liem, invertazes aktivitate peéc medus
12 ménesu uzglabasanas vidgji samazinas 1,25 reizes, bet péc 20 ménesu
uzglabasanas — vidgji 1,6 reizes. Tas liecina, ka invertazi, tapat ka amilazes
var izmantot medus kvalitates raksturosana.

Pec ,Starptautiskds medus komisijas” ieteikumiem invertazes
aktivitatei svaigad un termiski neapstradata medd jabat lielakai par 73
invertazes vienibam (IV). Petitaja Latvijas medi invertazes aktivitate ir
lielaka par 73 IV, kas liecina par pétita medus augsto kvalitati.

Pétitajam medus S$kirn€m invertazes aktivitate atbilst arT literatiira
dotajiem datiem svaigam un termiski neapstradatam medum.

Veikto pétijumu rezultati Jauj secinat, ka invertazes aktivitates
noteikSanu ir lietderigi ieviest medus kvalitates novertéSanas standartos, lai
raksturotu medus svaigumu un dabiskumu. Lai raksturotu medus kvalitati,
amilazu vieta labak lietot invertazi, jo invertaze daudz straujak zaudé savu
aktivitati medu uzglabajot.

Medus kvalitati var raksturot arT nosakot glikozes oksidazes aktivitati.
Glikozes oksidaze ir viens no galvenajiem medus enzimiem, ta ir loti jutiga
pret medus termisko apstradi. Glikozes oksidazes aktivitates noteikSana
palidzetu ierobezot medus viltoSanas iespgjas, jo, ka zinams, ir gadijumi,
kad atbilstosas amilazu aktivitates nodrosinasanai meda ta tiek maksligi
pievienota.
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Glikozes oksidaze oksid€ glikozi par glikonskabi un ka blakus produkts
rodas fidenraza peroksids. Glikozes oksidazes aktivitates mérs ir tidenraza
peroksida pg skaits, kas tiek izdalits no viena grama medus vienas stundas
laika 20 °C temperatura.

Glikozes oksidazes aktivitates izmainas atkariba no medus karsésanas
temperatiiras paraditas 6. attcla.
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6. att. Glikozes oksidazes aktivitates izmainas medu karsgjot.
Fig. 6. Changes of glucose oxidase activity during thermal treatment of honey.

Ka redzams 6. attéla, glikozes oksidazes aktivitate samazinas jau sakot
medus karséSanu, bet ievérojams samazinajums sakas 50 °C temperatiira.
Karsgjot medu 70 °C temperatira vienu stundu, glikozes oksidazes
aktivitate samazinas 2,5 — 10 reizes. Tas liecina, ka medus kvalitates
novertéSanu var veikt, nosakot glikozes oksidazes aktivitati.

Kopgjo amilazu aktivitates izmainas, medu termiski apstradajot, parada
7. attels.
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7. att. Kopg€jo amilazu aktivitates izmainas medu karsgjot.
Fig. 7. Changes of total amylases activity during thermal treatment of honey.

Eksperimentali noteikts, ka medus karséSana lidz 40 °C temperatiirai
praktiski nemaina kopgjo amilazu aktivitati.

Sakot ar 50 °C temperatiiru kop&jo amilazu aktivitates izmainas notiek
straujak.

Kopgjo amilazu aktivitates noteikSanu plasi lieto medus iesp&jamas
termiskas apstrades novértésana. To atspogulo ari 7. att€ls. Redzams, ka
amilazu aktivitates strauja samazinasanas notiek ap 50 °C, kas labi sakrit ar
literatiira dotajam temperatiiram. 7. att€la dati liecina, ka 60 °C temperatiira
amilazu aktivitate samazinas vidgji 1,8 reizes.

Ka var redzet no 7. att€la, amilazu aktivitate sak strauji samazinaties
tikai no 50 °C temperatiiras, medu karsgjot pat 24 stundas. Tadgel| ir aktuala
invertazes aktivitates noteikSana, par ko diskutg ar1 ,,Starptautiskaja medus
komisija”.

legttie dati par invertazes aktivitates izmainam, medu karsgjot,
apkopoti 8. attela.
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8. att. Invertazes aktivitates izmainas medu karsgjot.
Fig. 8. Changes of invertase activity during thermal treatment of honey.

Ka parada 8. attels, invertazes aktivitate ir daudz jutiga pret medus
termisko apstradi. Invertazes aktivitates straujas izmainas notiek, sakot no
50 °C temperatiras, t.i., tapat ka amilazu aktivitates izmainas. Tomer
invertaze ir jutigaka ka amilazes. Medu karsgjot 24 h 60 °C temperatiira,
amilazu aktivitate samazinas 1,8 — 1,9 reizes, savukart medu karsgjot tai
pasa temperatiira tikai vienu stundu, invertazes aktivitates samazinajums
attiecigi ir divas 1idz tris reizes. Sie novérojumi pamata sakrit ar literatira
dotajiem datiem.

Invertazes aktivitates izmainas karséSanas laika dazadu skirnu medi,
veicot termisko apstradi 60 °C temperatiira, ir visai atSkirigas. To parada
9. attels.
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9. att. Invertazes aktivitates izmainas atkariba no medus karséSanas ilguma.
Fig. 9. Changes of invertase activity depending from heating time of honey.

9. attels apstiprina invertazes aktivitates jutigumu pret medus termisko
apstradi. Invertaze ir ieverojami jutigaka, salidzinot ar amilazém. Tade]
invertazes aktivitates noteikSanu var ieteikt medus kvalitates raksturoSanai.

HMF satura izmainas medus kars€Sanas laika dazadas temperatiiras
parada 10. attéls.

32



-1
N (%3 (98]
W S W
I I ]

[\
[«
!

HMF saturs, mg kg ™'
Content of HMF, mg kg
9
|

._
=)
[ ]

(9]
.

30 40 50 60 70 80

[\
(=]

M edus karséSanas temperatiira, °C (24h)
Heating temperature of honey, °C (24h)
—a— izlases ziedu (selected)  —a—dazadu ziedu (various)

—&— kumeli$u ziedu (camomile)

10. att. Kars€sanas temperatiiras ietekme uz HMF saturu meda.
Fig. 10. Influence of the heating temperature on the content of HMF in honey.

Petot HMF veidoSanas dinamiku atkaritba no medus karséSanas
temperatiiras, noverots, ka sakot ar 50 °C temperatiru HMF satura medi
izmainas notiek visstraujak, to atspogulo 10. att€ls.

Darba rezultata secinats, ka glikozes oksidazes, kop€jo amilazu un
invertazes aktivitasu, ka art HMF satura meda straujas izmainas kars€Sanas
rezultata sak notikt temperatiira ap 50 °C.

Tas ir apstiprindgjums glikozes oksidazes aktivitates medd noteikSanas
lietderigumam. legitie rezultati apliecina, ka glikozes oksidazes aktivitati
var izmantot medus kvalitates novertésana.

Saistibu starp HMF saturu medii un glikozes oksidazes aktivitati parada
11. attels.
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11. att. HMF satura medii un glikozes oksidazes aktivitates savstarp&ja saistiba.
Fig. 11. Correlation between content of HMF and activity of glucose oxidase
in honey.

Ka parada 11. attela dati, jo mazaks HMF saturs medd, jo attiecigi
lielaka glikozes oksidazes aktivitate. Tas papildus apstiprina glikozes
oksidazes izmantoSanas iesp&ju medus kvalitates novértésana. Ta,
pieméram, ja rodas Saubas par medus kvalitati, tad vajadz&tu noteikt
glikozes oksidazes aktivitati, kurai péc mana ieteikuma vajadzEétu bt
lielakai par 35 pg kg™'. Ja medus glikozes oksidazes aktivitate ir mazaka par
35 ug kg™, tad medus ir vai nu termiski apstradats, vai arf ilgstosi uzglabats.

7. Prolina saturs medu

Viens no medus kvalitates novertéSanas raditajiem, par kuru diskute
»Starptautiskaja medus komisija”, ir prolina saturs medd.

Prolins ir viena no medus galvenajam aminoskabém. Ta kalpo ka
medus dabiskuma raksturotajs.

12. att€ls parada aminoskabes prolina saturu dazadas medus Skirngs.
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12. att. Prolina saturs meda.
Fig. 12. Content of proline in honey.

Ka redzams no 12. attela, prolina saturs pétitajos Latvijas medus
paraugos mainas plasa intervala (240 — 1800 mg kg'). Tas parsniedz
“Starptautiskas medus komisijas” ieteikto minimali nepiecieSamo
(180 mg kg") prolina daudzumu, lai medu uzskatitu par dabigu. legitie
rezultati liecina, ka visi analizéta medus paraugi ir dabigs bisu medus.

8. Lizocima saturs medii
Ir zinams, ka ziedputeks$ni satur lizocimu. Bet ziedputeksni ir viena no
medus sastavdalam. Tas liecina par iesp&jamo lizocima klatbiitni arT medi.

Pétijumu rezultata noteiktais lizocima saturs (aktivitate) medd apkopots
9. tabula.
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9. tabula/ Table 9

Lizocima saturs meda
Content of lysozyme in honey

Lizocima saturs, pg g’1

Medus paraugs Ievaks$ans vieta Content of lysozyme
Sample of honey Place of gathering ug g'l ’
Griku ziedu Saldus rajons 22406
Buckwheat flowers Saldus district T
Virsu ziedu Saldus rajons 16402
Heather — blossom Saldus district T
Virsu ziedu Dobeles rajons 16402
Heather — blossom Dobele district R
Kumelisu — liepu ziedu Saldus rajons 24404
Camomile — lime — blossom  Saldus district B
Rapsu ziedu Dobeles rajons 14403
Rape flowers Dobele district e
Meza ziedu Dobeles rajons
Wild flowers Dobele district 25£0.2
Dazadu ziedu Dobeles rajons 19404
Various flowers Dobele district R
Rudens ziedu Bauskas rajons 18402
Autumn flowers Bauska district R
Pavasara ziedu Bauskas rajons 17402

Spring flowers

Bauska district

Eksperimentali noteiktie dati liecina, ka visi pétitie medus paraugi satur
lizocimu. Ta ka lizocimu medi ienes bites ar saviem siekalu dziedzeriem,
ka arT tas medi nonak ar ziedputeksSpiem, lizocims var tikt lietots ka medus
kvalitates raksturotajs.

Lidz Sim literatiira nav sastopami dati par lizocima saturu meda. Tiek
noradits tikai lizocima saturs ziedputeksnos.

Lizocims ir viens no faktoriem, kas medum pieskir antibakterialas
pasibas. Lizocimam ir arT imunologiska nozime.

SECINAJUMI

1. Invertaze ir labaka medus termiskas apstrades un ta uzglabaSanas
laika raksturotaja, salidzinot ar amilaz&m, jo ta ir jutigaka attieciba
uz medus termisko apstradi un ta uzglabasanu.

2. Prolins izmantojams ka medus dabiskuma raksturotajs, jo tas ir
viena no medus galvenajam aminoskabém.

36



Glikozes oksidaze ir laba medus termiskas apstrades raksturotaja.
Ta ir jutigaka salidzinot ar amilazém. Svaigd un termiski
neapstradata medi glikozes oksidazes aktivitate ir lielaka par
35 ng kg

Izstradata jauna, modificéta lizocima noteikSanas metode medd.
Pirmo reizi Latvijas medus paraugos noteikta invertazes, glikozes
oksidazes, lizocima aktivitate un prolina saturs.

Mineralvielu satura medii un patn&jas elektrovaditspgjas saistibas
modeli var izmantot aptuvenai min€to parametru vertibu
prognozesanai, zinot vienu no tiem.

Petitie medus paraugi satur smagos metalus, tapec jaatjauno smago
metalu satura noteikSana medi ta kvalitates novertesanai.
Analizeétajiem Latvijas medus paraugiem invertazes aktivitate
liclaka par 73 invertazes vienibam un prolina saturs lielaks par
180 mg kg, kas liecina par medus labo kvalitati.

Medus ievakuma gadam nav bitiskas ietekmes uz vidgjo
saharozes, reducgjoso cukuru, idens un skabju saturu medd.

37



OBJECT AND TOPICALITY OF THE RESEARCH

Honey is wonderful natural product, created with participation of herbs,
plants and honey beans (4pis mellifera). This outstanding product has high-
value qualities both of foodstuff and remedy. Honey consists of different
carbohydrates. The main components are glucose, fructose, saccharose,
maltose. The mentioned carbohydrates are rapidly absorbed in human body.
Additionally to the mentioned honey contains other useful substances, like
enzymes (ferments) — invertase, amylase, glucose oxidase, catalase, lipase
etc., organic acids — gluconic acid, apple acid, tartaric acid, citric acid etc.,
vitamins — B, B,, Bg, PP, C etc., micro- and macroelements — K, Ca, Na,
Mg, Fe etc. That is the reason of high nutritional value as well as remedial
properties of honey.

Joining European Union Latvia has to harmonize the food quality
assessment with EU requirements. Nevertheless we have to notice that the
existing norms for quality assessment of honey are partly out — of - date,
and the requirements included in the norms are insufficient for objective
appraisal of the quality of honey. Therefore implementation of new
indicators for appraisal of the quality of honey is necessary, and it is item of
discussions on “International Honey Commission”.

The discussed in the over mentioned Commission new parameters for
assessment of the quality of honey are “activity of invertase” and “content
of proline”.

Invertase is more sensitive to thermal treatment of honey as amylases.
Invertase is loosing faster its activity during storage of honey too. Invertase
as indicator of the quality of honey is more complicated to fake, therefore it
is more reliable and accurate indicator of the quality of honey.

Proline is one of the main amino acids of honey. Determination of this
amino acid could be an indicator of unaffectedness of honey. Therefore
determination of proline is substantial mean for quality control of honey.

The indicators of honey’s quality offered by us are determination of
“activity of glucose oxidase” and “content of lysozyme” in honey.

In presence of glucose oxidase glucose is oxidised to gluconic acid
creating hydrogen peroxide in equimolecular amount as a by-product. The
amount of produced hydrogen peroxide characterizes the activity of glucose
oxidase.

Lysozyme is an enzyme having great importance as anti bacterial and
immunological substance. Lysozyme is present in pollen, so it should be
present in honey too. Therefore the content of lysozyme could characterize
the quality of honey.
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The aim of the research — to evaluate the existing and discussed alternative
(invertase and proline) quality indicators of honey, as well as to elaborate
and to approbate new indicators for quality determination of honey.

The following tasks were set forward to achieve the target of the research:

1.

2.

To characterise the activity of main honey enzymes — invertase,
glucose oxidase and amylases — in honey gathered in Latvia;

To estimate the content of proline (one of the main amino acids in
honey) in honey gathered in Latvia;

To analyze correlations between different physico — chemical
parameters of honey gathered in Latvia;

To elaborate modified method for determination of quantity of
lysozyme in honey, as lysozyme is present in pollen and therefore
should be present in honey;

To explore change in content of HMF during thermal treatment of
honey, to compare sensitivity of this parameter with other
thermally sensitive parameters of honey;

To assess the main constituents of honey gathered in Latvia and to
provide mathematical analysis of the obtained results.

Novelties of the research

In this research:

1.

The activity of invertase for characterization of honey’s quality
was evaluated, as invertase is more sensitive to thermal treatment if
compared with amylases;

For the first time the invertase activity was determined for honey
gathered in Latvia;

For characterization of the quality of honey the suitability of
determination of proline was evaluated, as natural honey contains
proline;

For the first time the content of proline was determined for honey
gathered in Latvia;

Determination of activity of glucose oxidase was approbated for
appraisal of the thermal treatment of honey as glucose oxidase is
more sensitive to thermal treatment if compared with amylases;

For the first time the content of glucose oxidase was determined
for honey gathered in Latvia;

The influence on honey’s quality of different physical and
chemical parameters: pH, total content of acids, conductivity,
content of mineral substances — was explored as well as their
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mutual relationship with aim to forecast the value of separate
physical and chemical parameters;

8. Modified method for determination of lysozyme in honey was
evaluated, as lysozyme should be present in honey;

9. For the first time the content (activity) of lysozyme was
determined for honey gathered in Latvia.

Approbation of the scientific work

The analyses of the research work have been presented at 16
international scientific conferences and symposium in Czech Republic,
Poland, Romania, Russia, and in Latvia.

The results of the scientific work are reflected in 14 scientific
publications in the Latvian, German, English and Russian languages, four of
which are issued in an edition approved by the Latvia Scientific Council
(the list of publications and attended conferences see on pages 6 — 10).

MATHERIALS AND METHODS

The venues of research
Research was carried out within 2000 — 2006. Analyses were done in
laboratories of the Chemistry department of Latvian Agriculture University
and Chemistry laboratories of the State Health Agency.
The object of research
Different samples of honey gathered in different parts of Latvia, as well
as some imported honey’s samples were analyzed. The samples were:
. honey of various flowers — Saldus district, “Berzini” of Blidene
forestry; Dobele district, “Lielvaiceni” of Vitini rural
municipality; Ventspils district; Cesis district; Riga district;

. honey of lime — blossom — Saldus district, “Berzini” of Blidene
forestry; Dobele district, “Lielvaiceni” of Vitini rural
municipality;

. honey of heather — blossom — Saldus district, “Berzini” of
Blidene forestry; Dobele district, “Lielvaiceni” of Vitini rural
municipality;

. honey of wild flowers — Saldus district; Jekabpils district
(Viesite); Dobele district, “Lielvaiceni” of Vitini rural

municipality;
. honey of rape flowers — Riga district;
. honey of buckwheat flowers — Dobele district, “Lielvaiceni” of

Vitini rural municipality;
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. honey of meadow flowers — Jekabpils district (Viesite);

. honey of camomile flowers — Saldus district, “Berzini” of
Blidene forestry;

. honey of spring flowers — districts of Aluksne and Rezekne;

. honey of selected flowers (sweet clover, buckwheat and
phacelia) — “Kalna — Smizes” of Cesis district;

. honey of various flowers — Germany, Hungary, Denmark;

. honey of lime — blossom — Hungary, Germany;

. honey of acacia flowers — Hungary;

] honey “Langneses” — Germany.

Samples of fresh honey with a special sign “Made in Latvia” were
applied in “Latvijas Bite” shops.

Standard methods (Table 1), as well as methods from literature
(Table 2) were used for quality assessment of honey. For determination of
lysozyme the method elaborated (modified) by us was used. Principle of
this method is ability of lysozyme hydrolised cell walls of Mycrococcus
lysodeikticus.

There were prepared series of standard solutions of lysozyme. After
their action on substrate of Mycrococcus lysodeikticus absorption of light
was measured and calibration curve was constructed. After action of
honey’s solution on substrate the light absorption of solution was
determined. Lysozyme content was calculated from calibration curve.

RESULTS AND DISCUSSION

1. Content of reducing sugars and saccharose in honey depending
from the year of gathering

The main sugars in honey are glucose, fructose and saccharose.
Glucose and fructose are the main reducing sugars of honey, and their
content in average is from 31,3% until 38,2%. Exemption is leave honey
having lower content of reducing sugars. On the other hand the content of
saccharose depends from the degree of ripeness of honey.

There is an opinion about essential dependence of honey’s composition
depending of seasonality. Our observations are disclosed in Table 3.

The content of reducing sugars and saccharose in the analysed samples
of honey and its dependence from the year of gathering are summarized in
Table 3.

To analyse the influence of the year of gathering of honey on the
content of reducing sugars, saccharose test of Mann — Witney was used, as
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data set analyzed had one quantitative conditional indication, and
independent indication was a qualitative one.

Influence of the year of gathering on content of reducing sugars in
honey.

Analysis of the data obtained shows that in two different years of
gathering the average content of reducing sugars has no essential disparity:
materiality level a = 0.01 (p =0.607 > a =0.01).

Influence of the year of gathering on content of saccharose in
honey.

Analysis of the data obtained shows that in two different years of
gathering the average content of saccharose has no essential disparity:
materiality level a =0.01 (p = 0.486 > a =0.01).

The analysis of the data obtained leads to conclusion that there is no
essential influence of the year of gathering of honey on content of reducing
sugars and saccharose in honey.

The content of reducing sugars is differentiated in quality standards of
flowers and honeydew honey. Standards of EU and Codex Alimentarius
require the following: in flower’s honey it has to be > 60 g/100 g, in
honeydew honey it has to be > 45 g/100 g. The same content (> 45 g/100 g)
of these sugars has to be in blends of both flower and honeydew honey.

In both standards the norm of saccharose is required to be no more then
5%. In some sorts of honey the saccharose content can be higher. So in
honey from lucerne and citric plant saccharose content can achieve 10%,
and in honey from lavender even 15%.

The data of our analyses give evidence that content of reducing sugars
and saccharose in explored honey’s samples complies with requirements of
quality standards of EU and LR for honey, as well as they correspond to
data given in the literature.

2.Total acids and water content in honey depending
from the year of gathering

Honey contains different acids, having very different constants of
dissociations. Therefore both active acidity (pH) and total acidity are
parameters characterizing quality of honey. Total acidity of honey is
determined by acids, salts, minerals, proteins and carbon dioxide included
in the content of honey. High water content in honey can promote possible
fermentation and mould growth resulting in increase of acid content in
honey.

Total content of acids and water in analyzed honey samples is shown in
Table 4. These data were used for establishing the differences in total water
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content and acidity depending of the year of gathering. Mann — Witney’s
test was used for analysis of data.

Dependence of the year of gathering on water content in honey

Analysis of the data obtained shows that in two different years of
gathering the average content of water has no essential disparity: materiality
level a=0.01 (p =0.081 >a=0.01).

Dependence of the year of gathering on total acids content in honey

Analysis of the data obtained shows that in two different years of
gathering the average acids content in honey has no essential disparity:
materiality level a = 0.01 (p = 0.448 > a =0.01).

The analysis of the data obtained leads to conclusion that there is no
essential influence of the year of gathering of honey on content of water and
acids in honey.

According to standards of EU and LR content of free acids in honey
should be no more then 50 mmol kg'. Industrial honey may have acids until
80 mmol kg™

The upper limit for water content in honey according to EU and LR
standards is 20%. If honey has more water, fermentation or mould growth
can start easily. Higher water content (23%) is affordable in some sorts of
honey, like honey of heather — blossom or clover.

The data of our analyses gives evidence that content of water and acids
in explored honey’s samples complies with requirements of quality
standards of EU and LR for honey, as well as they correspond to data given
in the literature.

3. Content of heavy metals in honey

Intake of higher amounts of heavy metals with food (including honey)
may result in diseases of different origin or in disturbances of nerve system.
Therefore the control of content of heavy metals is essential.

The results obtained testify that heavy elements are present in honey
and have wide interval of concentrations: Cr 0,10 — 0,28 mg kg';
Zn 0,70 — 1,57 mg kg'; Pb 0,142 — 0,310 mg kg™; Cd 0,003-0,023 mg kg;
Cu 1,00 — 2,40 mg kg™; Ni 0,09 — 1,16 mg kg™'; Mn 1,40 — 11,90 mg kg™

Content of heavy metals in explored honey’s samples gathered in
Latvia at large corresponds to data given in the literature.

Current Latvian and EU standards are not mentioning any upper limits
for content of heavy metals in honey. It should be reminded that such limits
existed for some of heavy metals in previous Latvian standards.

The results obtained lead to conclusion about necessity to include
control of heavy metals in quality standards of honey.
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4. Correlation analysis of different physical — chemical
parameters of honey

The correlation analysis for different physico — chemical parameters of
honey was performed in this research. The parameters explored are shown
in Tables 5 and 6.

As follows from the data in Table 5, pH of analyzed samples is within
range 3,66 — 4,48. If we compare the average pH of honey gathered in
Latvia (it is ~ 4,1) with samples of exported honey, we may conclude there
is no significant difference.

The results of our research leads to conclusion that total acidity of
honey corresponds to quality standards of EU and Latvia (<50 mmol kg™),
and it is similar to data about pH and total acidity of honey given in
literature.

Data in Table 6 give evidence that specific conductivity of honey
samples gathered in Latvia is within range 234 — 560 pS cm™. It
corresponds to quality standard of EU requiring the specific conductivity
less then 800 pS cm™ for solutions of 20 g honey in 100 ml water.

Data from Tables 5 and 6 were used for analysis of different
correlations of physico — chemical parameters of honey.

The relationship between the content of mineral substances and specific
conductivity is shown on Fig. 1. The data show good correlation between
both parameters. Coefficient of correlation between the content of mineral
substances and specific conductivity is 93% if model applied in Fig. 1 is
used. It means that this model can be used for approximate forecast of the
content of mineral substances or specific conductivity of honey if one of
parameters has been determined.

Different salts present in honey make the main part if its mineral
substances. Rather good correlation in linear relationship between the
content of mineral substances in honey and specific conductivity is in good
accordance with data of literature too.

The relationship between the content of mineral substances and pH of
honey is shown on Fig. 2. The data show that there is a correlation between
both parameters. Coefficient of correlation between the content of mineral
substances and pH is 57% if model applied in Fig. 2 is used.

pH of honey is determined by constants of dissociation and level of
dissociation of acids present in honey. These both parameters have rather
low values. Partly hydrolysis of salts has to be taken in account too.

The relationship between pH and specific conductivity of honey is
shown on Fig. 3. The data show that there is an average correlation between
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both parameters. Coefficient of correlation between the pH and specific
conductivity is 54% if model applied in Fig. 3 is used.

This correlation can be explained if we assume that salts present in
honey are the reason for conductivity. On the other hand salts and acids
present in honey partly determine pH of honey. Conductivity is determined
mostly by strong electrolytes (mainly salts). On the other hand pH of honey
is determined both by acids (mainly weak electrolytes) and by hydrolysed
salts.

The relationship between the total content of acids and pH of honey is
shown on Fig. 4. The data show that there isn’t correlation between both
parameters. This conclusion is confirmed both by value of the coefficient of
correlation, as well as by coefficient of slope equal to 0.

This finding has an explanation: the organic acids in honey have low
coefficients of dissociation (K). So at 20 °C for acetic acid K = 1,75 107; for
butyric acid K = 1,51 107; for lactic acid K = 1,37 10™*; for formic acid
K = 1,77 10™*. The organic acids present in honey are weak acids and their
concentrations are low (only 0,3 — 0,4%). Because of that their nature and
their concentration doesn’t influence pH of honey.

5. Oxidation — reduction potential of honey

Oxydation — reduction potential (redox potential) determined for
various samples of honey is shown in Table 7. According to these data
redox potential differs for different sample, and one type of honey may have
redox potential different from other type of honey. Some authors (3aukuna,
1999; Yenypnoii, 2002) have expressed an opinion that redox potential
could be used to identify type of honey.

Our results only partly confirm this opinion, as redox potentials of
different types of honey may be very similar too.

6. Thermal treatment of honey and activity of enzymes

Currently, according to the standards of EU and Latvia, the freshness of
honey and possible thermal treatment of it is appraised by determination of
content of hydroxymethylfurfural (HMF) and activity of amylases.

The data about activity of amylases and its change during storage for
honey samples gathered in Latvia, as well as honey imported from Germany
and Denmark, are given in Table 8. We can recognize that all honey
samples of Latvian origin correspond to quality norms requiring diastase
number (amylases activity) to be not less then 8.
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If we compare honey from Latvia and the imported ones, the amylases
activity in the last is low. It may be result of long storage and possible
thermal treatment of imported honey.

If honey has been stored during 48 months, the amylases activity
reduces 2 — 2,5 times. Our results about amylases activity in honey are in
good accordance with the literature data.

In “International Honey Commission” is discussing the implementation
of determination of invertase activity instead of amylases activity for
assessment of quality of honey.

Change of invertase activity during storage of honey is shown on
Fig. 5a and 5b. As it can be recognized from the data shown, invertase
activity reduces in average 1,25 times after 12 months storage, and in
average 1,6 times after 20 months. Evidently invertase activity can be used
for appraisal of the quality of honey in the same way as amylases activity is
used.

According to recommendations of “International Honey Commission”
the activity of invertase of fresh and thermally untreated honey should be
over 73 Invertase Units (IU). The explored honey of Latvian origin was of
high quality, as invertase activity in it was over 73 IU.

Our results about invertase activity in honey are in good accordance
with the literature data about fresh and thermally untreated honey.

The results of our research lead to conclusion about usefulness of
including in quality standards of honey the determination of invertase
activity to characterise freshness and unaffectedness of honey. Invertase
activity is better parameter then amylases activity, as invertase faster then
amylases is loosing its activity during storage.

Quality of honey can be characterised by determination of activity of
glucose oxidase too. Glucose oxidase is one of the main enzyms in honey,
and this enzym is very sensitive to thermal treatment of honey.
Determination of glucose oxidase could prevent falsification of honey, as in
some cases amylases was added to honey to ensure the required amylases
activity.

Glucose oxidase oxidizes glucose into gluconic acid producing
hydrogen peroxide as a by — product. Measure of glucose oxidase activity is
amount of hydrogen peroxide (in pg) produced by 1 g of honey at 20 °C
within 1 hour.

The measurements of glucose oxidase activity changes after thermal
treatment of honey are summarized in Fig. 6. We can recognize the decrease
in glucose oxidase activity soon after start of thermal treatment, and more
significant changes start at 50 °C. Heating of honey for 1 hour at 70 °C
reduces the activity of glucose oxydase 2,5 — 10 times. This result certifies
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that quality of honey can be characterised by determination of glucose
oxidase activity.

Total changes in amylases activity after thermal treatment of honey are
shown on Fig. 7.

The data of experiments on Fig. 7 show that heating of honey under
40 °C practically has no influence on total amylases activity. Starting from
50 °C the changes are more remarkable. Similar conclusions have been find
in literature too. Heating at 60 °C (24 h) reduced the amylases activity in
average 1,8 times.

As we can see from results on Fig. 7, activity of amylases starts to
reduce only at 50 °C, even if heating lasts 24 hours. Therefore the
determination of invertase activity discussed on “ International Honey
Commission” is a topical problem.

The data of determination of invertase activity and its changes after
heating of honey at different temperatures are shown on Fig. 8. We can
recognize that invertase activity is much more sensitive to thermal treatment
of honey. Remarkable changes of invertase activity start from 50 °C — the
same as in case of amylases activity. Invertases are more sensitive then
amylases however. So after heating of honey at 60 °C for 24 hours, the
amylase activity reduces 1,8 — 1,9 times. Invertase activity reduced
2 — 3 times already after 1 hour at 60 °C. These data in general agree with
data given in literature.

The changes of invertase activity in different types of honey after
thermal treatment at 60 °C are rather different. The results of experiments
are summarized on Fig. 9.

The general conclusion from these data is that invertase is much more
sensitive to thermal treatment of honey then amylases, and invertase activity
can be recommendes as parameter for characterizing the quality of honey.

Investigation of dynamic of HMF’s formation in honey during thermal
treatment shows that the changes are faster if temperature of heating is
50 °C and more (Fig. 10).

As mentioned before, activity of glucose oxidase and total amylases
were changing faster at the same temperature. So we can make general
conclusion that the influence of temperature starts to be remarkable from
50 °C in thermal treatment of honey.

We have investigated the correlation between content of HMF and
glucose oxidase activity of honey (Fig. 11). The data say that if amount of
HMEF in honey is lower, the activity of glucose oxidase is higher. This is an
additional confirmation to the decision that glucose oxidase may be used for
determination of the quality of honey. So if there is a doubt about quality of
honey, the activity of glucose oxidase should be analyzed. Our conclusion is
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that activity of glucose oxidase in honey should be over 35 pg kg'. If
activity is lower, honey has been or thermally treated or stored for long
time.

7. Content of proline in honey

Content of proline is one of the criteria of quality of honey, discussed
by “International Honey Commission”.

Proline is one of the main amino acids in honey. It is used as indicator
of ingenuousness of honey.

Content of proline in different types of honey is summarized in Fig. 12.
The data show that the content of proline in honey of Latvia origin is rather
different (240 — 1800 mg kg™). It is higher then the minimal requirement
(180 mg kg™") of “International Honey Commission” for natural honey. So it
is evident that all samples analyzed were natural honey.

8. Content of lysozyme in honey

It is known that pollen contains lysozyme, and pollen is one of the
components of honey. Other possible source of lysozyme in honey is
salivary glands of bee. Therefore lysozyme should be present in honey.

The results of our determinations of lysozyme content (activity) are
summarized in Table 9. The data of our research show that all samples of
honey explored contained lysozyme. In the literature there are no data about
content of lysozyme in honey, it has been determined only in pollen.

Lysozyme is one of the elements of honey, determining its antibacterial
properties. It has immunological value too.

CONCLUSIONS

1. Invertase is more sensitive then amylases to thermal treatment and
storage of honey, therefore invertase is better parameter for
characterization of thermal treatment and storage time.

2. Proline can be used as one of the parameters for characterizing
ingenuousness of honey, as it is one of the main amino acids find
in honey.

3. Glucose oxidase is a good parameter to characterize the thermal
treatment of honey. It is more sensitive if compared with amylases.
In fresh, thermally untreated honey activity of glucose oxidase is
over 35 ng kg™
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New modified method for determination of lysozyme content in
honey was developed.

Activity of invertases, glucose oxidase and lysozyme as well as
content of proline were determined for the first time in honey of
Latvian origin.

The correlation model of the content of mineral elements and
conductivity of honey can be used to forecast approximately one
parameter if other parameter has been determined.

All analyzed samples contained heavy metals. Therefore it is
necessary to analyse presence of heavy metals in honey for
determination of quality of honey, as it was already done in Latvia
before.

In all analyzed samples of honey of Latvian origin invertase
activity was not lower then 73 invertase units, and content of
proline was higher then 180 mg kg™'. Both these parameters certify
the good quality of Latvian honey.

The year of gathering of honey hasn’t remarkable influence on
average content of saccharose, reducing sugars, water and acids in
honey.
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