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METO/J 3A EH3UMHO UHBEPTUPAHE HA 3AXAPEH PA3TBOP

METHOD FOR ENZYME-DRIVEN INVERSION OF SUGAR SOLUTION
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Abstract: We suggest a method and a device for inverting sugar solution by using invertase enzyme and using it for feeding bees. The
results suggest that when using the device for enzyme hydrolysis of sugars, the process of inverting the polysaccharides is the strongest until
the ninth day, regardless of the quantity of honey added. After this period, the enzyme-driven process slows down significantly. The
percentage of the monosaccharides triose, D-glucose, and fructose rises in the inversion process after the quantity of natural honey has been

increased (from 1,5 kg to 3,0 kg respectively).
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1. Yeoo

[Tuenute, 3a g2 MHBEPTUPAT 3aXapo3aTa B Pa3TBOPA, U3MOI3BAT
€H3UMa HHBepTa3a. TO3U €H3MM Ce CEKpeTHpa OT MOITrTHTHYHHUTE
JKJIE3H, Pa3IOJIOKEHH B TJIaBaTa Ha muenuTe. Thil KaTo eH3UMHUTE ca
OCNTHYHU BEIIECTBA, TO MPEKOMEPHOTO WM OTIEISHE BOIU JIO
M3TOI[ABaHE HA TYENUTe, OENThUeH TINIAJl, HEIOCTaATHYHO
KOJIMUECTBO Ha CEKPETHPAHUs €H3UM M J0 HENBJIHO pasrpakaaHe
Ha CIIO’KHHUTE 3aXapH.

[TpoaABIKUTETHOTO XpaHEHe ChC 3aXap JOBEXa 10 CHIKAaBaHE
Ha WHBEPTUpAIIaTa CIIOCOOHOCT HA CEKPETHUPAHHS OT ITYEITUTE
eH3UM "HHBepTa3a', KOeTO € IMoKa3aTels 3a 3aTHXBAIllOTO JeHCTBUE
Ha TEXHUTE JKJIC3H U MPU3HAK 3a CTapeeHe Ha opranu3ma um [1, 2].

Crnopen ITepBynoB [4] u Kouues [3], momaxpanBaneTo Ha
MYENIUTe ¢ MHBEPTHUPAH Pa3TBOP M3HMCKBA OT TSAX MO-MAJTbK Pa3Xon
Ha €HEprHs M T ca MO-MaJKO M3TOLIEHHW B CpPAaBHEHHE C MMYEIHTE,
npepadoTBaal OOMKHOBEH 3aXapeH Pa3TBOP.

2. Pesynmamu u ouckycus

ITo nanuu Ha XKemsskosa [1] B ompeneneHH MOMEHTH OT
MOJIXPAaHBAHETO Ha MUYEIINTE YOBEKBHT C YCHEX MOXKE Ja Ce HAaMECH B
MIPOTUYAHETO Ha HAKOU OMOJIOTMYHY IPOIECH B OPraHU3Ma MM KaTo
KBbM U3XpaHBaHHS Pa3TBOP J100ABHU HAKOM CTHMYIIHPAIIH BEIIECTBA!

- MHHEpaJHM BellecTBa - KobalT, MaHraH, KajueB
¢docdar, kanueB XJIOpUa, KaineB KapOOHAT, MarHe3ueB cyndar,
MarHe3neB XJIOPHJ, KIIUEeB XJIOpH[, HATPHEB KapOOHAT U HATPUEB
XJIOpHT;

- BUTaMHHM - BUT. By; By; Bg; B1o; C; A; II; E;

- KHCEJMHH - COJIHA, OKCAJIOBa, JINMOHECHA H JIp.

- CTHEMYJIaTOpH C BHCOKO CHIBpXKaHHE Ha OENTHUMHH,
3aMECTHTENM HAa I[BETHHS IpaIlel] - MIISKO, COsl, SifueH OeNThK,
JPOXAH, KPbB, KPbBEH CEPYM, Ka3eHH, al0yYMHUH H JIp.

- Ouoctumynatopu - CXKK, Enepxukc, xapOokcuieH,
THKaHHHM npenapari Ha Ouiatos u Jp.

3a0bpanara 3a ymorpeba B mMYelgapckaTta MpaKTHKa Ha
aHTHOMOTHIM, CyNOHAMUIM W CHHTETHYHH XOPMOHH, KaTo
CPEITCBO 3a JICUCHUE W CTHMYJIAIMS HA IUSITHATE ceMeiicTBa, JaBa
HOBH HAacOKH 3a pabora.

IIpenuMcTBaTa Ha WHBEPTUpPAHMS 3aXapeH pas3TBOp IIpU
MO/IXPAHBAHE HA MUYEHUTE CEMEWCTBA ca JI0Ka3aHu OTIaBHa [2, 4].
3axapo3ara (0OMKHOBEHAaTa TPHCTUKOBA HJIM IIBEKJIOBa 3axap) €
nuzaxapusl. [Ipy HarpsiBaHe ¢ MUHEpPAJIHH U OPraHUYHU KHUCEIUHU
WIM NOJ NECTBHETO Ha €H3MMa HMHBEpTa3a Ce XHIPOJIU3Mpa M0
CBCTaBSIIUTE S MPOCTH 3axapy (IIOKOo3a M (pyKTo3a), KOUTO ca
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MHOTO TO-JIECHO YCBOMMH OT muenute. VIHBepTHpaHara 3axap uma
cnenuduyHo BbpreHe (-20 rpamyca HamIgBO) Ha ONTHYHATA
akTHBHOCT. [IpomsHara B mocokarta Ha BbpTeHe (HMHBEpCHs) ce
JIBJDKU Ha (pyKTO3aTa.

MuBepTHpaHeTo Ha 3aXapTa CTaBa I10 HIKOJIKO HaYHMHA:

- XUMHYECKH (KHCEeIIUHEH);

- eH3WMeH (C HeKTapeH MeJl HJIM U3KYCTBEHa HHBEpTa3a).

Ilpy mwepBHMS HAUMH ce W3MON3Ba BHHEHA, OIETHA WIH
¢dochopha kucennna. Tosu crnocob ce cberou B cunennoro: 11,4 kg
3axap ce cMmecBar ¢ 3,8 yuTpa Boja M 14 § BHHEHa KHCEJIHMHA.
CmecTa ce 3arpsiBa 6aBHO Ha c1ad OI'BH M BPH B IIPOJBDKCHHE Ha
30-45 min. TIpu TO3U METOJ WHBEPTUPAHETO Ha 3axapTa HPOTHYA
MHOTO OBP30 ¥ € CHIIPOBOJICHO ¢ 00pa3yBaHETO HA XUPOKCUMETHII
bypdypor (XM®D), koifiTo € TOKCHUEH U PS3KO CHIDKaBa
MNPOJBIKUTETHOCTTa Ha JKMBOTa Ha muenute. Ilpm eH3UMHUAT
METOJ] C€ TMOJydaBa BHCOKOKAUeCTBEH HHBEPTUPAH pa3TBOp HE
cpabpkai XMO.

IIpennaranusiT MeToJq ce ChCTOM B CMECBAaHE Ha KPHUCTalHA
3axap, MeJ U Boja B choTHoumleHHe 29:3:8, xoMoreHusupaHe Ha
cMecTa, TOCHEIBAam0 HarpsBaHe B Jjuamazona 35...37°C
MIPUAPYKEHO C TEPHOJWIHO WM HENPEeKbCHATO pa30bpKBaHE 3a
OTIpe/IeNIeH IePUOJ A0 MoTyyaBaHe Ha ONTUMAIHO MHBEPTUPAHE.

3a mpumaraHeTo Ha METOJAa € CBh3JaJEHO aBTOMAaTHU3HPAHO
YCTpOHCTBO 3a €H3MMHO MHBEPTHUpPAHE Ha 3aXapeH pas3TBOp, YHUETO
YCTPOWCTBO € moka3aHo Ha ¢ur. 1.

VYCTpoiicTBOTO € IpenHa3HadeHo 3a MHBEPTHpAHE Ha 3axapeH
pa3tBop. KoHcTpykTHBHATa pa3paboTka ce ChbCTOM OT BBTPEIICH
koHTeliHep (17), B KOMTO ce IOCTaBAT ONIpPEeNIeHO KOJINYECTBO
BOJIa, 3aXap, MeA M IPYIH AOIBIHHATEIHU 100aBku. KoHTeitHepbT
nma kamak (9), BBpXy KOWTO € MOHTHPAHO YCTPOHCTBO
CJIEKTPOMOTOpP, C TIOTEHIMOMETBp M oOC Ha Obpkanka (8).
BwTpemnusT KoHTElHEp ce MOTaIs U MO3UIHOHNPA BEPXY IbpPBEHA
ckapa (3), BbB BojHaTa OaHS Ha BBHIUHUS KOHTeHHep. Llsmoro
ycTpoiicTBo ¢ ¢ukcupano Ha croiika (1). B momHara wact Ha
BBHIIIHUS KOHTEIHEp € MOHTHpaH u3nyckareseH kpaH (16), 3a mo-
JIECHO M3TOYBAHE Ha BOJAaTa OT HEro. MOHTHPAHO € U YCTPOUCTBO
3a ymnpaBJeHHE Ha eNIEKTPUYECKHs HarpeBarel (2) W MOAIbpIKaHe
Ha moctosiHHa Temmeparypa (PID perymatop) (15). Ilnatkara 3a
yhopaBieHHe € CBbp3aHa ¢ TepmoaaTduk (11), moromeH BBHB
BBTPEHIHUS KOHTEHHEpP CBC 3axapeH pasTBOP U  CIEASI]
TeMIepaTypHHUs AUAla30H Ha W3MCHEHUS Ha TeMIlepaTypara Ha
Bomata (B mumamazoH ot 35°C mo 37°C). 3axpaHBaHETO Ha
eJIeKTpHYecKaTa ObpKajKa, Ha IUIaTKaTa 3a yIpaBIeHHE M Ha
HarpeBaTessl € OT eJeKTpudyeckaTa Mpexa ¢ 220 V.
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@uez. 1. Cxema na ycmpoucmeono 3a UHBEPMUPAHE U XOMOEHUIUPAHE
Ha 3axapen pasmeop
1-cmoiixa Ha koncmpykyusma, 2 - enekmpuyecku Hazpesamei, 3 -
dvpeeHa ckapa, 4 - kopnyc (8vHuleH Konmelinep) Ha ypeoa, 5 -
enekmpomexanuya ObpKaaka Monmupana Ha oc; 6 - ooa; 7 -
NOMEHYUOMEMbP 3a NPOMSHA HA 4eCMOmMAama Ha spmeHe Ha
enekmpoosucamens,; 8 - ycmpoucmeo ¢ 82padeH eneKmpomMomop u
enexmpu1ecko saxpansane na Gvprarkama, 9 - Kanax Ha bMpeutHus
cv0, 10 - uneepmupan 3axapen cupon, 11 - enekmpo-mepmooamyux;
12 - kaben 3a 3axpaneare Ha ekneKmMpPOOSUCAMEIs U YNPAGIEHUENO
my; 13 - enexmpuuecku konmaxmu 3a 220 V; 14 - kaben 3a
3aXpaHeame Ha eleKMpUdecKus Hazpesamein u NIAMKaAma my 3a
ynpasienue; 15 - niamka 3a ynpaenenue Ha eneKmpuiecKus
Hazpegamern, pabomeuy Co8MeCmHO ¢ erekmpomepmooamyuxa, 16 -
KPaH 3a u3mousane Ha 600ama om vHuiHus cv0; 17 - sbmpeuer
KoHmeliHep NomoneH 6b6 6004.

ITpuHIMITBT Ha paboTa Ha YCTPOMCTBOTO € CIACAHHUAT: MOCTaBST
ce 14,5 kg 3axap, 1,5 kg men u 4 | nureiina Bojia BbB BETPEIIHUAT
KOHTEeHHep, KOWTO ce MOTamsl B HAIBJIHEHHS C BOAA BBHHIICH
KkoHTelHep. [IbpBOHaYaNHO ce BKIIOYBA CaMO OBpKalKaTa C IIe
XOMOTEHM3UpaHe Ha pa3TBOpa. BKirouBa ce enexTpoHarpeBaTelsT,
KONTO TOJABp)Ka TeMIleparypaTa Ha BoJaTa B KOHTEHWHEpa U
TeMIiepaTypaTa Ha 3aXapHHUS Pa3TBOP BbB BBTPEIIHUS KOHTEHHED B
nuanazona ot 35°C mo 37°C. EnexTpomexaHnyHaTa ObpKajka ce
BKJIIOYBA MIEPUOUYHO MPU Be4e JOCTHUrHATa Temmeparypa ot 35 °C
Ha BOZaTa.

IIpoumecsT mpoxemKaBa NO HACTBIIBAHE HA PA3BK CHAJ Ha
MHTCH3WBHOCTTAa Ha MHBEPTHpaHE Ha 3axapo3arta. VIHBepTHpaHUAT
3axapeH pa3TBOp € C aJKaJIHA PEeaKIHs, OPaad KOETO KbM HEro ce
no0aBaT 5 § omeTHa KHcCenuHa, 3a na ce jgocturHe pH Ha
€CTECTBEHUsI Mel. 3a YCKOpsSBaHE Ha TpoIleca Ha HWHBEPTHUpPAHE
MOXE€ Ja C€ H3MO0I3Ba KOHIEHTPUPAH MPEYHCTEH EH3HM
(MHBepTasza), MOJNy4yeH B JIAOOPATOPHH YCIOBHS OT JPOKAH MU
T'BOMYKH.

Pesynararute ot wm3cnexBaHmsTa (Tabn. 1) mokaseaT, ue
NpolechT Ha MHBEPTHPaHe M MpPEBPBIIaHE Ha MOJU3aXapHANTE B
MOHO3aXapHI¥ IPOTHYA Hall-MHTEH3UBHO 10 9-1sl IeH OT Ha4aJIoTo.
Ciex TOBa mpoLechT ce 3a0aBsi, BEPOSTHO MOPaaN HaMalsBaHE Ha
KOJIMYECTBOTO MHBEPTA3a, KOHTO € JIOCTABEH C HATypaIHUS ITUEIICH
Meq.

Ot maHHUTE ce BIDKAA, Y€ 3axXapo3aTa HaMaisiBa KbM 9-Hs JeH
ot 76,85% mo 54,69% (1,4 mpTH), a B Kpas Ha omuta 10 50,70%
(1,5 mptH). KonruecTBOTO HAa MOHO3aXapuauTe PpykTo3a, TpUo3a u
JII0KO3a ce yBenuuaBa cboTBeTHO 2,0; 2,1 u 2,2 mbTH.
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. 1
Taon. 1: Jlabopamopnu mecmose 3a uHsepmupane Ha 3axapeH pasmeop

Tex 3axapo3za Tpuoza J1- Tmroko3a DpykTOo3a
[%] [%] [%] [%]

| 76,8523 2,9545 8,8486 12,3446
] 70,9089 3,6660 10,7945 14,6305
111 68,1064 3,7714 12,1917 15,9306
I\ 65,9196 4,2270 12,7446 17,1089
V 62,8620 44877 14,0165 18,6338
VI 60,1956 4,6003 15,2429 19,9613
VIl 58,4689 4,8310 16,0138 20,6862
VIII 55,1575 5,1741 16,9375 22,5366
1X 54,6885 5,5633 16,9671 22,8108
X 54,5115 5,6391 17,1318 22,8823
XI 52,2699 5,6421 17,7232 23,8617
Xl 51,3233 6,046 18,0167 24,2036
X1l 51,0684 6,0935 18,3091 24,6140
XIV 50,7032 6,1451 19,0859 24,8943

I'padmunara mHTEpIpeTanys Ha Pe3yNTaTHTE € HIIOCTPHpaHa
Ha ¢ur. 2.
Pesynrarure oT ciexBaius ekcrnepuMeHt (tabi. 2, ¢ur. 3),
OpH  W3M0J3BaHE HA JBOWHO mo-roysiMo KommuectBo (3 Kg)
HaTypaJeH aKaleB MeJl, NOKa3BaT, e MPOLEChT Ha MHBEPTUPAHE
NpoTHYa TO-WHTEH3WBHO Npe3 IhpBUTE 9 [IHH, KaKTO U IIPH
MIPEAXOIHHS eKCIIEpUMEHT. 3a pa3jnKa OT Hero cera CTeIeHTa Ha
VHBEPTHPAaHE € 3HAYUTEIHO IO-rojisiMa - 3axapos3ara oT 68,64%
HamaisiBa 10 32,08%. HuBoTo Ha MOHO3axapuauTe ce yBEIUYaBa,
KaTo 32 14-1HeBHMS NEpHO € ChOTBETHO 3a (hpyKTO3aTa 2 MBTU HO-
BUcoko (ot 16,24 no 32,3%), 3a tpuozata 2,5 mstu (0T 3,68 mo
9,36%) u 3a rimoko3ara 2,3 metH (0T 11,43 10 26,24%).
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Due. 2. I'paghuunu 3asucumocmu om npoyeca Ha uHeepmupane Ha
3axaposama 00 Gpykmo3sa, mpuo3a u [J-enoko3a no pesyimamume om
NbPEUsL eKCHepUMeHm

. 2
Taon. 2: Jlabopamopnu mecmoge 3a UH6epMUPane Ha 3aXapeH pasmeop

Tlen 3axapo3a Tpuo3za JI- rmroxo3a ®pykTo3a
[%] [%] [%] [%]
| 68,6421 3,6893 11,4301 16,2487
I 60,8504 4,9328 14,7342 19,4723
1] 57,3842 5,0217 16,2437 21,3414
\Y 52,8721 6,1472 17,8412 23,1405
V 49,1031 6,7431 19,1247 25,0278
VI 43,3842 7,1438 21,6372 27,8341
VII 41,0912 7,8328 22,9714 28,1036
VIl 38,3416 8,4371 23,5781 29,6431
IX 35,853 8,9563 24,7123 30,4784
X 34,5928 9,0271 25,2364 31,1437
Xl 33,5500 9,1296 25,7481 31,5723
Xl 32,8807 9,1783 25,9768 31,9642
Xl 32,6431 9,2971 26,0127 32,0471
X1V 32,0856 9,3648 26,2472 32,3024

! 3axapHusT pa3rBop € nomydeH ot 14,5 kg 3axap ¢ 1,5 kg akames mex
u 4 uTpa Boaa

2 3axapHuAT pa3TBop € moiy4eH ot 14,5 kg 3axap ¢ 3 Kg akauues mex u
4 nutpa Bojia
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HampaBenute nabopaTopHH TECTOBE MOKa3Bat, 4e A00aBSHETO

Ha TO-TOJSIMOTO KOJIMUECTBO HATypaleH MeJ B 3aXapHUsS Pa3TBOP
OCHTypsiBa MO-BUCOKO HHBO Ha €H3MMa MHBEPTa3a, B pe3ynTaT Ha
KOETO Ce MOCTUTa TO-MBJIHO WHBEPTHPAHE Ha TOJU3aXapuauTe.
IIpomecsT Ha MHBEpTHpaHE MPOTHYA HAW-MHTEH3UBHO 0 9-Hs JeH
OT HayaJl0TO, HE3aBUCHMO OT KOJIMYECTBOTO Ha MEJIa B pa3TBOpA.
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Duez. 3. I'paghuunu 3asucumocmu om npoyeca Ha uHeepmupane Ha

3axaposzama 0o ppykmosa, mpuosa u J{-eniokoza no pesyimamume om

8MOpPUsL eKCnepumenm

3. 3aknrouenue

Or pe3yaTaTure OT na60paT0pHHTe CKCIEPUMEHTH U TEXHUSA

aHaJIn3 MOXKEC 1a CC q)OpMyJII/IpaT CJICIHUTC U3BOJIU:

1. llpm wm3non3BaHe Ha Ch3JaJeHaTa ypeaba 3a CH3MMHA
XHAPONM3a Ha 3aXapuTe, NPOLECHT HAa WHBEPTHPaHE Ha
MONM3axXapuauTe € Hal-MHTeH3UBEH [0 JeBEeTHs [CH,
HE3aBUCUMO OT A00aBSHOTO KojuuecTBOo Men. Crenm To3u
MEepHOJ CH3UMHHAT MpPOLEC MHPOTHYa C MHOTO OaBHHU
TEMIIOBE.

2. TlponeHTPT Ha MOHO3aXapuiuTe TpHO3a, JI-TIrOKO3a W
(dpykTo3a HapacTBa B TIpolleca Ha WHBEPTHPAHE Cle]
yBEJIMYaBaHEe Ha KOJMYECTBOTO HarypaieH men (ot 1,5 Ha

3,0 kg).
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