Methods and objects of chemical analysis, 2015, Vol. 10, No. 3, 108-112

Luminescent Determination of a-Bitter Acids in Hops
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a complex on concentration of terbium, a-bitter acids, acidity is investigated. It is
sfer of energy of excitation from ligands to a lanthanide ion takes place in a
tensive Iuminescence Influence of solvents on intensity of a luminescence of
. Is found in the presence of a dlmethyl sulfoxide and

chloride, cetylpyr/d/n/um chlor/de, sodium dodecyl sulfate, triton X-100, tween-80), and also donor-
active agents (1,10-phenanthroline, 2,2°-dipyridyl, triphenylphosphine oxide, trioctylphosphine oxide,

G ensity of the luminescence of a complex, or reduce it. Possibility of
bitter hop acids in hop extracts on a sensitized luminescence of an
nit of a-bitter acids in extracts of hop makes 0.003 mkg/ml.

ized luminescence of Tb(lll) ion
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mepbusi, a-20pbKUX KUCIOM, KUCIIOMHOCMU cpedbl. YC
agbghekmueHhbIl nepeHoc sHepauu 8036yx0eHuss om Ji,

mpumoH X-100, meuH-80), a makxxe OHOPHO-aKmMuUeHbIe e
mpugbeHunghocghuHoKcud, mpuokmusighocghuHokcuod, B-uu
JIIOMUHeCUeHUUU KoMriiekca, Jiubo ymeHbwarom eé. lNNokazaHa 803MQ
orpedesieHUs1 a-e0pbKUX KUCIIOM XMESISl 8 e20 3Kcmpakmax 1o ce
uoHa Tb(lll). INpeder1 0bHapyxeHUsT a-20pbKUX KUCIOM 8 SKCmpaki

a UHmecheHocmb
JIOMUHEeCUEHIMHO20
KntoyeBble cnoBa: a-ropbkue KMCnoTbl XMens, C€HCVI6VIJ'IVI3VIpOBa

Xmenb 00bIKHOBEHHbIM (Humulus lupulus cem. Wnwikn Xmens 00bl

Cannabaceae) — AByqOMHOE MHOTOMETHEE pacTeHue,
COAepXnUT  OOMbLUIOK  KOMMJIEKC  Buonornvecku
akTuBHbIX BellecTB (BAB), WnMpoko npumeHsieTcs
B HapogHOW M HayYHOW MeauuuHe, MCMOonb3yeTcs
B MNULLEBON M MMBOBAPEHHON MPOMBbILSIEHHOCTH, B
nekapHoM npou3BOACTBE, B apMaLeBTUYECKOn
NPOMBILLNIEHHOCTM, B MPOU3BOACTBE Ouonormyecku
aKTUBHbIX 4006aBoK k nuwe [1].

© S.V. Beltyukova, le.V. Cherednychenko, O.I. Teslyuk

BAB, TakMmu Kak 3(UpHb
KOMMOHEHTOB), FOpPbKME T
OopraHu4eckme KucnoTbl,
rpynnel B, PP, C, Ttokodepon,
KymMapwvHbl, OyOunbHble U MeKT
ankanongbl. XMernb BXOQUT B COC
npenapaTtoB W MHOMMX OMONOrMYeckn akTUBHbIX
pobasok (BALl) k nuule. NpenapaTbl XMens okasbiBaloT
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cefaTMBHOE, HEMPOreHHoe, NPOTUBOBOCHANUTENBHOE,
NPOTUBOA3BEH

KanunnspopacLlumpsioLlee,
orneyTonsiollee, CHOTBOPHOE

XapaKTepUCTUKON XMens B
€TCS Hanu4yme B HEM O- U B-TOpbKMX
4e KOTOpbIX SIBMSIETCS COPTOBOM
1 3aBUCUT OT MeCTa U yCroBUN
TBEHHOE COoAepXXaHne CyMMbl
AT HEBOOHBIM TUTPOBAHMEM
M pacTtBopom rugpokcuaa

EeKTPOMNPOBOAHOCTH
Luecce TUTPOBaHUS
okucnoro cBuHUa [3]. MeTtopg
[OCTaTOMHO TOYEH, HO CINOXEH B WCMOMHEHUN W
TpebyeT cneunanbHOro obopyaoBaHus.

B HacTosiwen paboTte npencraBneH:

Re3yrbraTtbl

(a-T'K) B xmene ¢ ncrnonb30g
noHa Tb(lll).

KkcnepuMeHTanbHa® 4YacTb
Xnopuapl Eu(lll) 7 g
pacTBOpEHMEM nx BbICOKOYUCTBIX
(99.998%) B  xmopucToBOAOPOA ncrore
(1:1) ¢ nocneaywWMM yaaneHnem n3bbITka
ynapuBaHneMm.  KOHUEHTpauuiw  yCTaHaBnvBg
KOMMMEKCOHOMETPUYECKAM  TUTPOBaHMEM. TO
HaBeckn pacTBopsnu B GuMOUCTUNNMPOB
Boge. PactBop 1,10-dpeHaHTponMHa o
pacTBOPEHMEM TOYHOW HaBeCKM (0O YeTBEPTOro
nocrie 3ansTon) BellecTBa B OMAUCTUNNMPOBA
BOOAE C MOOKMCIEHMEM COMSHOM KUCIOToM A0
pH 5. PacTBopbl ApyrMx AOHOPHO-aKTUBHbIX BELLECTB
rOTOBUITN PACTBOPEHMEM NX TOYHBIX HABECOK B 3TaHOIE
(2,2-gunupuguna, TpudbeHnndocdurHokenga

(TODO), TPUOKTUNOCKNHOKCHAA (TO®O),
B-unknogekcTpuHa). a-lopbkue KMCIOTbI
3KCTparMpoBanu wu3 pasmonotoro xmenst (3.75T)

CMeCbl0 pacTBOpUTENEN rekcaHa 1 3TUoBOro cnupTa
B COOTHOwWweHun 9:1 (22.5mn rekcaHa u 2.5 wMn
3TaHona) B TedeHne 5 MuH. [onyyYeHHbIN 3KCTpaKT
GunbTpoBanM Yepes cknagvatbii BymMmaxkHbI punsTp
B MepHyl konby emkoctbto 50 cm®, ocTaTok Ha
ou1nbTPe HECKOMBbKO pa3 NpoOMbIBasiv TOM Xe CMECbHI0
pacTBopuTenen 1 JOBOAUIN COOEPXMMOE Konbbl 0
METKN CMecbio pacTtBoputenen. llepen aHanuaom
3KCTpakT pasbaensanu B 10 pa3 aTaHOMOM.

CnekTpbl ntoMuHecueHumn wmoHoB  Eu(lll) n
Tb(lll) peructpupoBanun B obnactn 560-650 un
450-650 HM ¢ nomowpbto criekTpomeTtpa Cary Eclipse
Varian (ABCTpanusi) ¢ OBOMHbIM WCTOYHWKOM CBeTa
(kceHoHOBas namna 150-W cnnowHoro crnektpa u
UMMynbcHasa namna). 3HauyeHnst SHePrumn TPUMNETHbBIX
YPOBHEN A-rOPbKMX KUCNOT ONpeaensnyperncTpaumnen
CMNeKkTpoB doochopecueHUmMn KX  KOMMSIEKCOB C

nttprem npun 77 K. Ana nayyeHns KNHETUKM 3aTyxaHus
MNIOMVHECLEHLUMM NMPUMEHSANN OCLMIorpau4eckyto
perMctpaumio. JlloMMHecueHUMo BO30yxganu npu
3TOM WMMYNbCHbIM a30THbIM Fla3epoM C AJIMHON
BOMHbI M3ny4veHms 337 HM. CnekTpbl MOrMOLLEHMS
pacTBOPOB PErnmcTpMpoBanu Ha CnekTpodoToMeTpe
UV-2401 PC Shimadzu (AnoHus). 3HauveHus pH
pacTBOpoOB M3mepsnm ¢ nomowbi  pH-meTpa
OP-211/1 Radelkis (BeHrpusi) €O CTEKMsIHHbIM
anektpogoM. Heobxogumoe 3HavyeHue pH cosgasanu
B pacTBOpe C MOMOLLbI YPOTPOMMHa.

O6cyxaeHne pe3ynbTaToB

a-l'opbkne KUCNoTbl NpeacTaBnstoT cobon cMmecb
NPOW3BOAHbIX, MMTAaBHOW COCTABHOW 4acCTbl KOTOPbIX
asnserca rymynoH (R = - CH, — CH(CH,),):

H.C Q Q
>:CH—CH2
R

H,C

0] OH CH3

HO CH2—CH%
CH3

OcTanbHble aHanorn (KOrymyrnoH, afrymyrioH,

NMOCTIyMYSIOH) MMetoT B OGOKOBOWM Lenn pasnunyHble
amectutenu (R) [4].

OpbKMEe KWUCMOTbl coaepXxaTt AMKapOOHUIbHbLIN
HT W nogobHO [-OUKETOHaM, O04YeBUOHO,
tOT B paCTBOPAX KETO-EHOJbHYI TayTOMETPUIO

OYHble  KOMIMJIEKCHbIE  COEAMHEHUS.
NUraHdoB  BbI3bIBAET OMNpeaeneHHbIN
arojaps HanmuMumMl B UX  CTPYKType
TT-3NTIEKTPOHHOM CUCTEMbI, COMPSXKEHHON
YTO MOXET BnaronpusaTCTBOBaTh
HOW NMIOMUHECLEHLMN

pactBopa  O-TOPbKMX
Hanmumem B
Of10Cbl MOrMOWEHUs C
4yTO 00ycrnoBnvBaeT

Kucnot
Y®-obnact,

adhpeKkTUBHOE BETOBOW  QHeprum
nuraHgamm. JH¢ YPOBHS NUraHgoB
(20500 cm™), n3 cnekTtpa

) e aHepruu
BO30Y>KOEHHbIX Y[ (17300 cm™)

n Tb(lll) (20500 c
AP eKTUBHOE NOrNoLeHne N n
3Heprum Bo3byXaeHus oT 1
YPOBHM 3TUX MOHOB. B npwn
WOHbI MPOSIBIISIOT UHTEHCUB
Haunbonee WHTEHCUBHas
Habntogaetcsa ans noHa Th(lll). Pe
noHa Tb(lll) pacnonoxeH 6nu
YPOBHIO NUraHOoB, MO3TOMY B Mpouecce nepegayn
3Heprum Bo30yXAEeHUSA OT NIUraHOo0B K MOHY NaHTaHuaa
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CHMXaeTcs CcTeneHb 0e3bl3nyyvaTernbHbIX MNOTepb.
B cnyyae, Eu MHTEHCUBHOCTb JHOMUHECLIEHLMN
BepoaTHo, B 3TOM cnyvae
3HeprMm BO3DOYXXAEHMS Ha
yposeHb Eu(lll) °D, (19000 cm™) ¢
ytollen 6esbi3nyyaTenbHON ae3akTuBaLmen
Q36Yy)KaeHHoro  coctosHua  °D
ROANT K 3HAYMTENBHBIM MOTEPSM

CLEHLMN BOOHO-3TAHOSbHbIX
OB wuoHa Tb(lll) Hanbonee
oca, COOTBETCTBYHOLLAS

ero : nepexogy (C4I)
°D,-"F, (A= cnabee no MHTEH-
CUBHOCTM MOS0 n npu 490, 586 n
620 Hm (nep ¢ ypoBHsa °D, Ha nogyposHu 'F,

'F,n’F, COOTBETCTBEHHO) (pUC. 1).

Yeenuyenvie | Tb(lll) B npucytcteum a-IK
Ha HECKONbKO MOPSIAKOB  BENuUYn sABnsieTcs
KOCBEHHbIM noaTBEPXXAEHVEM
KOMMMEKCHbIX ~ COEAVMHEHWIA.

KOMMJiekcoobpa3oBaHns SIBA
B npucytcteumn ao-INK Bp
COCTOSIHMS MOHa T§
(T ounn = 840 ps) no cpa
akBa-noHa Tepobus (1=420 us).
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Puc. 1. Cnektp  niomuHecueHumm unoHa  Tb(lll)
B KoMnekce c O-TOPbKUMU Kucrnotamu
=1.104
(C,,=1-10"* monb/n).
O6pasoBaHue KOMMJIEKCOB NOATBEPXKOEHO

Takke C MCMONb30BaHNEM CrekTpa MOroweHust noHa
Nd(lll), ero ceepxdyBcTBMTENBHOIO nepexoga (CHIT)
“y,—%*G,, 5, (A=575Hm). B npucytcteum a-TK
MHTeHcmBHOCTL CUI Bo3pacTaerT, UTo MOXET CINYXUTb
NOATBEPXKAEHNEM KOMMNIEKCOOOPA30BaHNA B CMCTEME
a-IK-Nd(III).

KomnnekcoobpasoBaHue wuoHa Tb(lll) ¢ a-TK
HabnogaeTcs B LUMPOKOM MHTepBane 3HadeHun pH
3.0-9.0, ¢ makcumymom roMuHecueHumn npu pH
5.8-6.1 (puc. 2), KoTOpoe yCTaHaBMMBanNu ¢ NOMOLLbHO
ypoTtponuHa. lMpn pH < 3.0 cTteneHb obGpa3oBaHMs
KOMMMeKca, OYEeBMAHO, PEe3KO CHWXKaeTcs, a npu

pH> 9.0, BepoATHO, MPOUCXOAUT  paspyLlieHue
KOMMMIeKkcoB €  obpasoBaHuem rmapokcuaos
naHtaHuga.
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Puc. 2. 3asucumoctsb | voHa Tb(lll) B komnnekce
C O-ropbknmu kucrnotamm ot pH pactBopa (A
545 Hm; C., =1-10* monb/n).

wanTb

WHTEHCMBHOCTL  NMIOMWHECLIEHLMM  KOMMJIEKCOB
3aBUCUT OT npupogbl pacTteoputenen (pwuc. 3).
lMpakTuyeckn Bce pacTBOpuTENW, 3a UCKITHOYe-
HUeM aueToHa, ysenuumsator | - unoHa Thb(lll).
€XaHV3M BMWSIHUS pacTBOPUTENS Ha CnekTpanbHO-
FOMWHECLIEHTHbIE XapaKTEPUCTMKN KOMMMEKCa O4YEHb
noxeH. PacTBoputenb BMAMSIET HA XUMU3M peakumu,

UYMBOCTb  KOMMMEKCa,  KMCMOTHO-OCHOBHOE
ecue NUraHgoB, MepeconbBaTauui  MoHa
2 M ero KOMMMEKCHbIX ¢hopM B pacTBope
HO MPeanonoXWTb, YTO B OAHHOM Cry4ae
~ OHa naHTaHuga B MNPUCYTCTBUK
CBSI32HO C BbITECHEHWEM MOIEKYI
elHen, a 3aTeM W U3 BHYTPEHHEN
WOHHOW cdhepbl KOMMEKCa, 4TO yMeHbLUAET
| Ae3aKTUBALMM SHEPTUK BO3DYXaeHWs [6].

Puc. 3. BnnsHue pacteoputenen H
B komnnekce ¢ ao-NK: 1 — wmet
3 — wusonponaHon; 4 — aueTto
uetar; 6 — IMCO; 7 — aueToH; 8 —
(C,,=1-10"*monb/n).

M®A; 9 — Boaa;
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Hambonbwaa | - Tb
MeTurncynbgokcnae, ogHako ans
N onpegeneHus Obin BbiOpaH
JelweBbli  pacTBOpUTENb

[ll) 3aBMCUT OT KONMYeCTBa 3TaHoNa B

Kak BumgHO w3 pwuc. 3,
HabntogaeTcs

20 40 60

(A =545 Hwm; C, 5

nan.Tb
OnTmanbHOe KONM4yecTBO
60%. 1 Tb(lll) B pactBope onTuma

oM

copepxarum noHoe Tb(lll) 1-10* monb/.
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Puc. 5. 3aeucumoctsb | vnoHa Tb(lll) B komnnekce
C O-TOPbKMMW KUCrioTamu OT KoHueHTpaumm Th(ll)
(N4 7p = 545 HM).

YCTaHOBMEHO, 4YTO  MOBEPXHOCTHO-aKTUBHbIE
BeLlecTBa (LeTMnTpUMETMIaMMOHUIA xnopwva,
LETUNNMPUANHUA XITopua, fodeunncynbdar HaTpus,
TpuToH X-100, TBMH-80), a Takke JOHOPHO-aKTUBHbIE
BewectBa (1,10-cpeHaHTpoOnuH,  2,2'-gunupuaun,
TO®O, TODPO, B-UMKNOAEKCTPUH) B KOHLEHTPALMSIX
1-104=1-10" Monb/nN He BNUSOT HA WUHTEHCUBHOCTb
TNIOMUHECLEHLIMN KOMMJIEKCOB, MO0 YMEHbLUAIOT €€.

Mpw ONTUManbHbIX YCINOBUSAX
komnnekcoobpasosanusa | Tb(lll)  pocturaer
MakcuMyma 4epes 2-3 MUHYTbl MOCre CrvBaHus
pacTBOPOB M OCTAETCs MOCTOSIHHOM B TedeHue 3-X

yacoB. WHTeHcuBHOCTb noMuHecueHumn Tb(lll) B
komnnekce ¢ a-IK nponopunoHanbHa coaep)kaHuto
a-lK B pactBope B uHTepBane KOHLEHTpauumn

0.01-1 mkr/mn. Mpeoen  obHapyxenns  a-I'K
coctaensiet 0.003 mkr/mn.
[JoCcTaTo4HO  LWWUMPOKMK  MHTEepBan  JIMHENHOMN

3aBucumoctu | OT KoHUeHTpauun a-I'K nossonser
ncnonb3oBaTbh MeTon A00aBOK.

MeToauka onpeneneHus

Onpepnenenne a-IK npoBoannu B o6pasuax xmerns
rpaHynmMpoBaHHoro. B Tpu npobupku nomeriarot no
0.1 mn pasbaBrneHHOro aHanM3MpyemMoro 3KCTpakTa
XMens, B ABE U3 HNX 406aBNSAT CTaH4aPTHbIN pacTBOp
O-TOPbKUX KACIOT B TAKOM KONMMYeCTBe, YTOObI |riom.
npobbl Bbipocna B 2 n 3-4 pasa COOTBETCTBEHHO.
3atem BO Bce Tpu npobupku gobaensot no 0.1 mn
pacTtBopa xnopuga Tepbus 1-102 monb/n, 0.2 mn
pactBopa ypotponuHa 40%-ro, 3 mn 3TaHonma wu
OUCTUNNMPOBaHHY BoAy A0 5 M. VIHTEHCUMBHOCTb
noMuHecueHunn  moHa  Tb(lll)  unamepsT  npu
A =545 um (A, = 365 Hm). [MapannensHo rotosaT
pacTBOp KOHTPOSbHOW NPobbI, KOTOPasi COAEPXKUT BCE
KOMMOHEHTbI, KPOME Q-TOPbKNX KUCIOT.

CopepxaHune 0-ropbKnx KACMOT paccyMTbIBaOT Mo

dopmyne:

I
c =—%X ___.C,
x 7 -7 1
X+ad. "X

Mr/mn

— KOHLEHTpauusl O-TOPbKMX KUCMOT B
, — KOHLIEHTpaLa CTaHJapTHOro pacTeopa
KMCIOT, Mr/MrT; | — MIHTEHCUBHOCTb
MM aHanU3npPyemoro aKCTpakTa XMens;
CMBHOCTb JHOMMHECLIEHLIMM 3KCTpakTa
aBKOW CTaHOaPTHOrO pacTBopa O-ropbKUX

PbKUXAKUCIIOT B XMene B
opmyrne:

, — KOHEYHbIN
00bEM MpoobHbI, nn onpenenexHns,
mi; V,—06bém pacTBopsinu

3KCTPAKT O-FOPbKb HEM NpobbI,
B3ATOM Ons1 onpeae
XMensi, U3 KOTOPOro 3KCTpa
kucnotbl, T; 10 — koadpumum

Pesynbtathl onpegene
XMerne MeToaom aobaBok
ToOYHOCTb M JOCTOBEPHOCTL ONpeaern
nyTem CTaTUCTUYECKON
onpegeneHunda. [lpu
OTHOCMUTENbBHOTIO CTaHZapTHOr
coctaensieT 4.4-5.1%.

OTKITOHEHUA
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Tabnuua 1. Pesynbratbl onpegenenns a-ropbknx KMCrnoT B xmene (n=5, P=0.95).

o o6pasua O6pa3sey xmens HanpeHo,% S, %

XMenb rpaHynmMpoBaHHbIN

(PpaHLun) 456 +0.20 4.4

XMenb rpaHynmMpoBaHHbIN

(®panuys) 6.40 + 0.30 4.6

XMenb rpaHynMpoBaHHbIN

(Tepmatms) 1.50 £ 0.07 5.1

MIyYeHHbIX pPe3ynsTaToB METOAOM «BBEAEHO-HalAeHO» Ha npumepe XMens
1. 2.

Ta6bnuua 2. onpeneneHust O-ropbkMX KUCMOT B XMene MeTOAOM «BBedeHO-HalgeHo»
(n=5, P=0.95)
O6GbeKT aHanus3a, BeeneHo, HangeHo B: npo6e HanpgeHo B npo6Ge, s
rpaHynbl Xmens c po6aBkomn, mr/mn mr/mn r
Xmenb 0.205 0.105 + 0.005 0.05
dhpaHuyackui 0.306 0.106 £ 0.006 0.06

BbiBOAbI [MokaszaHa BO3MOXHOCTb MPSIMOro JIFIOMUHECLIEHTHOIO
onpegeneHns O-rOpbkKUX KWACMIOT B XMerne no

N3y4eHbl nomMyHecLeHTHbIe € !
CEeHCMBUNn3npoBaHHoW NoMuHecueHummn noxa Tb(lll).

noHoB Tb(lll) ¢ a-ropbkumMmK KMcnoTam
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