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When developing the technology of a dry extract of hop cones as an active pharmaceutical ingredient
with the estrogen-like action the key factors that can affect the quality of the finished product have
been investigated. Taking into account that hop prenyl flavonoids are relatively unstable compounds
and under certain thermodynamic conditions are prone to transformation the influence of the temper-
ature parameters such as evaporation and drying of the hop liquid extract on the content of xantho-
humol (X), isoxanthohumol (IX), 8-prenylnaringenin (8-PN) and 6-prenylnaringenin (6-PN) in the dry
extract has been researched. The objects of the research were the samples of the hop liquid extract
after extraction of the raw material and the dry extract after evaporation and drying. The extraction
of hop cones has been carried out by the two-step filtration method extraction with the pretreatment
of the raw material with steam. At the first step the hop raw material was extracted with n-hexane
with the subsequent extraction of the extraction cake with water-alcohol solvent at the second step.
The aqueous-ethanol extract was evaporated and dried in vacuum to prevent possible destruction of
prenyl flavonoids. The quantitative content of xanthohumol, isoxanthohumol, 8-prenylnaringenin and
6-prenylnaringenin has been determined by HPLC in the samples of liquid and dry extracts. It has
been found that sparing conditions of evaporation and drying used has led to decreasing the quantita-
tive content of X, IX, 8-PN and 6-PN in the dry extract compared with the content of these compounds
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in the water-alcohol liquid extract in the range of 14, 16, 8, 14%, respectively.

The use of plants containing phytoestrogens, with
its historical length may be compared with the histo-
ry of medicine in general. One of the most interesting
sources of compounds with the estrogen-like action is
a hop cones. The results of the pharmacological studies
of hop extracts indicate the relationship between estro-
genic activity of the objects and the fraction of prenyl
flavonoids: xanthohumol (X), desmethylxanthohumol
(DMX), isoxanthohumol (IX), 8-prenylnaringenin (8-PN)
and 6-prenylnaringenin (6-PN). It has been found that
the marked estrogenic activity of the polyphenolic frac-
tion belongs to 8-PN and characterizes this compound
as the most powerful pharmacological agent among the
known phytoestrogens [7, 8, 10].

The process chain for obtaining APIs of the plant
origin consists of different sets of operations performed
according to the specific technological modes. Based on
thermolabile properties of most substances of the plant
origin the development of the technology for obtaining
the corresponding APIs requires the study of depen-
dence of the composition at each process stage involv-
ing heating of the product.

The aim was to study the influence of temperature pa-
rameters of evaporation and drying processes of the hop
liquid extract on the content of xanthohumol, isoxantho-
humol, 8-prenylnaringenin and 6-prenylnaringenin in the
dry extract.

The results obtained should become an important
factor in development of technology for obtaining the
hop dry extract enriched in prenyl flavonoids as the
promising API.

Experimental Part

The starting materials were hop cones of “Xantha”
cultivar (the product of the Polissya Institute of Agri-
culture at the NAASU) harvested in 2012, n-hexane,
ethanol and purified water. For cyclization of chalcones
X and DMX to the corresponding flavanones 1X, §-PN
and 6-PN the hop cones were pretreated by water steam
for 1 hour. After thermal pretreatment the remaining
moisture was removed from the raw material, and hop
cones were extracted in two steps. All extraction steps
were performed by the method of filtration extraction
at the room temperature. At the first step the hop cones
treated was extracted with n-hexane to the drug extract
ratio (DER) of 1:12 with the subsequent removal of the
residual extractant from the extraction cake [2]. At the
second step the hop semi-product (the extraction cake)
was extracted with 70% (vol.) ethanol to DER of 1:10.
Removal of the solvent from the liquid extract and sub-
sequent drying were conducted in a Biichi R134 rotary
evaporator at the water-bath temperature 60-63°C and
at the vacuum operating range of 80-38 mBar. Before
drying of the liquid extract the dry residue content and
the quantitative content of X, IX, 8-PN and 6-PN were
determined and the yield of extractives in it was calcu-
lated. The quantitative content of X, IX, 8-PN ta 6-PN
was determined in the hop dry extract obtained.

The dry residue content in the samples was deter-
mined by the method according to the State Pharmaco-
peia of Ukraine [1].

The assay of X, [X, 8-PN Ta 6-PN in the hop dry ex-
tracts obtained was carried out by the liquid chromato-
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Table The yield of the extractives from the raw material
Quantitative characteristics of the extracts obtained extracted was calculated as:
wxV
Criteria Liquid Dry b= 70
extract extract n
Xanthohumol (X), % 1.688 1.451 where: V — is the volume of the liquid extract, ml; ® — is
Isoxanthohumol (IX), % 0.412 0.345 ?hirryaresr‘r‘lia“gg théaq?;f :Xttrr;‘gttl:ﬁ’ ;;‘ —is the mass of
_ - w u X , g
8-prenylnar!ngen!n (8-PN), :/o 0.062 0.057 Results and Discussion
6-prenylnaringenin (6-PN), % 0.208 0.179 The hop prenyl flavonoids X, DMX, IX, 8-PN and
Yield of extractives, % 24.55 6-PN are relatively unstable compounds and under the

Note: the quantitative content of (X, IX, 8-PN, 6-PN) are calculated
with reference to dried substance.

graphy method. In the assay the approach of determina-
tion of the given compounds using secondary standards
was applied [4].

Chromatographic procedure was carried out in an Ulti-
mate 3000 chromatograph with a UV detector at the tem-
perature of 50°C. As a mobile phase A 0.25% (v/v) for-
mic acid R was used, and 0.25% (v/v) formic acid R in
acetonitrile R was used as a mobile phase B. The chro-
matographic conditions were the following: the flow rate —
1 mL/min; the column — Purospher STAR RP 18-¢ (5 um)
250*4.0 mm; the injection volume — 20 pL; detection —
at 370 nm (X) and at 290 nm (IX, 8-PN, 6-PN). The gra-
dient programme was 0 min, 80:20 (A:B); 3 min, 80:20;
3—25 min, 60:40; 25—37 min, 60:40; 37—55 min, 40:60;
55—56 min, 10:90. Determination of X was carried out
using quercetin, and determination of IX, 8-PN, 6-PN
was performed using naringenin as secondary standards.

Identification of peaks was carried out using the
same conditions in an Ultimate 3000 chromatograph
with MS / MS detector and literature data [3].

certain thermodynamic conditions are capable to trans-
form. In particular, chalcones X and DMX can be sub-
jected to thermal isomerization, and it is confirmed by
the conversion of X to IX during wort boiling in brew-
ing [5, 6, 9].

Obtaining of a dry extract is always associated with
the use of high temperatures at the stages of evapora-
tion and drying. The nature of the thermal effects on
the quantitative content of X, IX, 8-PN and 6-PN was
evaluated by the content of these compounds in the
water-alcohol extract before its evaporation and in the
dry extract obtained. In order to prevent possible de-
struction of prenyl flavonoids the evaporation and dry-
ing of hop cones extracts were carried out in vacuum
under the sparing conditions appropriate for subsequent
manufacturing-scale production. The data obtained are
presented in Table.

The experimental data show decrease of the quanti-
tative content of X, IX, 8-PN and 6-PN in the dry extract
compared with the content of these compounds in the
water-alcohol liquid extract by 14.04%, 16.26%, 8.06%
and 13.94%, respectively. It indicates the negative ef-
fect of evaporation and drying of the liquid extract on
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Fig. 1. The chromatogram of the hop water-alcoholic liquid extract at 370 nm.
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Fig. 2. The chromatogram of the water-alcoholic liquid extract at 290 nm.

quantitative characteristics of the dry extract even with the
sparing conditions applied with reduced boiling tempera-
ture in the vacuum environment. The chromatographic
profiles of the samples are characterized by a similar set
of major peaks and differ in their intensity decrease due to
the aforementioned decrease in the quantitative content of
X, IX, 8-PN and 6-PN in the dry extract obtained in com-

parison with the water-alcohol liquid extract. Therefore,
the temperature increase and/or decrease of the vacuum
depth, i. e. parameters that can increase the boiling point
in the process of evaporation and drying of the extract may
lead to a greater reduction of the quantitative content of X,
IX, 8-PN and 6-PN in the hop dry extract. The chromato-
grams of the test samples are presented in Fig. 1, 2, 3, 4.
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Fig. 3. The chromatogram of hop dry extract at 370 nm.
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Fig. 4. The chromatogram of the hop dry extract at 290 nm.
CONCLUSIONS 2. It has been found that obtaining of the hop cones

1. For the first time the influence of temperature pa-  dry extract as a finished product provides the loss of the
rameters at the stages of evaporation and drying of the = quantitative content of these prenyl flavonoids in the
hop cones liquid extract on the quantitative content of  technological process.

xanthohumol, isoxanthohumol, 8-prenylnaringenin and 3. The research results will be considered in the fur-
6-prenylnaringenin in the dry extract has been investi- ther development of the production process of the hop
gated. dry extract as the APIL.
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DOCNIOXEHHSA 3ATNIEXXHOCTI BMICTY NPEHINTIOBUX ®NABOHOIAIB Y CYXOMY EKCTPAKTI
XMENIO BIA TEMMNEPATYPHUX NAPAMETPIB NMPOLIECY MO0 OOEPXXAHHSA
0.0.[Jo6poeonbHuli

Knrovoei crioea: cynniddsi Xmesno; eKcmpakmueHi pe408UHU; MPeHinosi ¢hriagoHoiou; ecmpozeHHa
aKmueHicmb, yraprogaHHs; CyuKa

Y nipouyeci po3pobku mexHorozii 00epKaHHSA Cyx020 eKcmpakmy cyrnniob xmernto 8 sskocmi A®| 3
ecmpoaeHonodibHot diero Aocnidxysarnu Ko4osi chakmopu, 30amHi ernnugeamu Ha sIKicmb 20mogo-
20 npodykmy. bepy4u do yeaau me, W0 NpeHinosi ¢priagoHoIdU XMesto € 8iIOHOCHO HECMIUKUMU Cr1o-
INlykaMu ma rpu rnegHux mepmoouHamiyHUx ymosgax 30amHi 0o rnepemeopeHb abo decmpykuii, 6yrno
OocridxeHo 8rnue memrepamypHUX rnapamMempie yrnapoeaHHsI ma CywKuU PiOKOi 8UMSIKKU XMETH
Ha KinbKicHul emicm kcaHmoxymory (X), isokcaHmoxymony (I1X), 8-npeHinHapuHaeHiHy (8-PN) ma
6-ripeHinHapuHaeHiHy (6-PN) e cyxomy ekcmpakmi. O6’ekmamu 0ocnidxeHHs1 6ynu 3pasku 800-
HO-Crupmoesoi 8UMSsIXKU, 00epxaHOI Micrisi ekcmpazysaHHs CUPOBUHU ma CyXxo20 ekcmpakmy ricns
ynaprosaHHsI ma cywku. ExkcmpaayeaHHs cynniob xmesro 3diticHosanu memodom inbmpayitiHoi
ekcmpakuii 8 08a cmyrneHi 3 nornepedHbO MepMiYHO 06POBKOH 8UXIOHOI CUPOBUHU B0OSIHOK ra-
poro. Ha nepwomy cmyneHi cuposuHy ekcmpazysarnu H-2eKCaHOM, MiC/isi 4020 Ha Opy2oMy cmyneHi
rpoeodusiu ekcmpazayeaHHs1 wpomy 800HO-CIUPMOBUM PO3YUHHUKOM. 3 Memor MiHimMi3auil MoXx-
Jiugoi decmpykuii npeHinosux griagoHoidie odepxaHy 80OHO-CUPMOBY 8UMSIXKKY yraprosanu ma
sucywysanu y sakyymi. KinbkicHul emicm X, IX, 8-PN ma 6-PN e docnidxysaHux 3paskax gusHadasiu
memodom BEPX. BcmaHoerneHo, wo 3acmocos8aHi ujadHi yMosu yrnaprogaHHs ma cywkKu npusesnu 0o
3HUXeHHS KinbKkicHo2o emicmy X, IX, 8-PN ma 6-PN e cyxomy ekcmpaKkmi ropieHsIHO 3 iX eMicmom y
B800HO-Ccrupmosili sumsixxui 8 mexax 14, 16, 8, 14% 8idnogioHo.

UCCNEOQOBAHUE 3ABUCUMOCTU COOEPXAHUA NPEHUIOBbLIX ®JIABOHOUOOB

B CYXOM 3KCTPAKTE XMENA OT TEMMNEPATYPHbIX MAPAMETPOB NMPOLIECCA EIO
NONYYEHUA

A.A.[Jo6poeosibHbIl

Knrodesnbie criosa: connodus xmeris; IKempakmueHble seujecmeaa; rnpeHunossie ¢hriagoHouobl;
acmpoeeHHas akmugHOCMb, yrapusaHue; cywka

B npouecce pazpabomku mexHosio2uu rosy4eHusi Cyxoeo aKkcmpakma cornodull Xmesisi 8 kKadecmee
A®U ¢ acmpozeHornodobHbIM delicmeuem uccredosasu Kidesble ¢hakmopbl, CIOCOOHbIe 8usimb
Ha Ka4ecmeo 20moeozo nMpodykma. Y4umbleasi mo, Ymo MpeHuUs108ble ¢hria8oHOUObI XMEIsi S6/1s1Hom-
€S OMHOCcUMeIbHO HecmabusibHbIMU COeOUHEeHUSIMU U rpu onpederieHHbIX mepMoOuUHaMu4ecKux
YCII08USIX CK/IOHHbBI K npespawieHusiM unu decmpykuyuu, bbio uccriedoeaHo enusiHue memrepamyp-
HbIX MapamMempos yrnapueaHusi U CyWKU XUOKO20 U38IeYEHUS XMeSlsl Ha KoudecmeeHHoe codepxa-
Hue kcaHmoxymorna (X), usokcaHmoxymona (IX), 8-npeHunHapuHeeHuHa (8-PN) u 6-npeHunHapuH-
eeHuHa (6-PN) e cyxom akcmpakme. O6bekmamu uccriedogaHus bbinu 0bpa3subi 00HO-CIUPMOB0O20
U3er1e4eHuUsl, rosly4eHHO20 oC/ie SKCmpaaupo8aHUs ChbiPbsi U CyX020 9KCmpakma rnocre ynapuea-
HUST U CyWKU. QKempaKyuro cornoouli xmerisi nposodusiu MemoOom ¢huribmpayuoHHOU aKcmpaxkyuu
8 dge cmyreHu ¢ npedsapumeribHol 06pabomkol cbipbsi 8005IHbIM rapoM. Ha nepeoli cmyrneHu Cbi-
pbe 3KCmpaauposasnu H-2eKcaHoM, Mocse 4e2o Ha 8mopoll cmyneHu nposodusiu 3KCMpaKyu Wpo-
ma 800HO-criupmosbiM pacmeopumesiem. C yernbio MUHUMU3auUU 803MOXHOU GecmpyKuuu npeHu-
1108bIX (hr1a8oHOUO08 MoTy4YeHHOE B0OHO-CIUPMOBOE U38/IeYEHUE yrapusasiu U Cyuusu 8 eakyyme.
KonuyecmeeHHoe codepxxaHue X, IX, 8-PN u 6-PN e uccriedyembix obpasuax ornpedesnsnu memodom
BOX)XX. YecmaHoeneHo, 4mo ucrnosnib308aHHbIe wadswue ycroeus yrnapusaHusi U CywKU rnpueenu K
CHUXeHUI KonudecmeeHHo20 codepxarus X, IX, 8-PN u 6-PN e cyxom akcmpakme 8 cpagHeHuUU ¢
codepxxaHuem 8 80OHO-CIUPMOBOM U3sriedeHuu 8 rpedenax 14, 16, 8, 14% coomeemcmeeHHO.



