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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 
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 IX, 8-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 Büchi R134 rotary 
evaporator at the water-bath temperature 60-63°С 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 Х, ІХ, 8-PN and 6-PN were 
determined and the yield of extractives in it was calcu-
lated. The quantitative content of Х, ІХ, 8-PN та 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 Х, ІХ, 8-PN та 6-PN in the hop dry ex-
tracts obtained was carried out by the liquid chromato-
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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°С. 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-e (5 μm)  
250*4.0 mm; the injection volume – 20 μL; detection –  
at 370 nm (Х) and at 290 nm (IX, 8-PN, 6-PN). The gra-
dient programme was 0 min, 80:20 (А:В); 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].

The yield of the extractives from the raw material 
extracted was calculated as:

where: V – is the volume of the liquid extract, ml; ω – is 
a dry residue in the liquid extract, %; m – is the mass of 
the raw material used for extraction, g.

Results and Discussion
The hop prenyl flavonoids X, DMX, IX, 8-PN and 

6-PN are relatively unstable compounds and under the 
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  

Table
Quantitative characteristics of the extracts obtained

Criteria Liquid 
extract 

Dry  
extract

Xanthohumol (X), % 1.688 1.451
Isoxanthohumol (IX), % 0.412 0.345
8-prenylnaringenin (8-PN), % 0.062 0.057
6-prenylnaringenin (6-PN), % 0.208 0.179
Yield of extractives, % 24.55

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

Fig. 1. The chromatogram of the hop water-alcoholic liquid extract at 370 nm.
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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.

Fig. 2. The chromatogram of the water-alcoholic liquid extract at 290 nm.

Fig. 3. The chromatogram of hop dry extract at 370 nm.
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CONCLUSIONS
1. For the first time the influence of temperature pa-

rameters at the stages of evaporation and drying of the 
hop cones liquid extract on the quantitative content of 
xanthohumol, isoxanthohumol, 8-prenylnaringenin and 
6-prenylnaringenin in the dry extract has been investi-
gated.

2. It has been found that obtaining of the hop cones 
dry extract as a finished product provides the loss of the 
quantitative content of these prenyl flavonoids in the 
technological process.

3. The research results will be considered in the fur-
ther development of the production process of the hop 
dry extract as the API.
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Fig. 4. The chromatogram of the hop dry extract at 290 nm.
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ДОСЛІДЖЕННЯ ЗАЛЕЖНОСТІ ВМІСТУ ПРЕНІЛОВИХ ФЛАВОНОЇДІВ У СУХОМУ ЕКСТРАКТІ 
ХМЕЛЮ ВІД ТЕМПЕРАТУРНИХ ПАРАМЕТРІВ ПРОЦЕСУ ЙОГО ОДЕРЖАННЯ
О.О.Добровольний
Ключові слова: супліддя хмелю; екстрактивні речовини; пренілові флавоноїди; естрогенна 
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У процесі розробки технології одержання сухого екстракту суплідь хмелю в якості АФІ з 
естрогеноподібною дією досліджували ключові фактори, здатні впливати на якість готово-
го продукту. Беручи до уваги те, що пренілові флавоноїди хмелю є відносно нестійкими спо-
луками та при певних термодинамічних умовах здатні до перетворень або деструкції, було 
досліджено вплив температурних параметрів упарювання та сушки рідкої витяжки хмелю 
на кількісний вміст ксантохумолу (Х), ізоксантохумолу (IX), 8-пренілнарингеніну (8-PN) та 
6-пренілнарингеніну (6-PN) в сухому екстракті. Об’єктами дослідження були зразки вод-
но-спиртової витяжки, одержаної після екстрагування сировини та сухого екстракту після 
упарювання та сушки. Екстрагування суплідь хмелю здійснювали методом фільтраційної 
екстракції в два ступені з попередньою термічною обробкою вихідної сировини водяною па-
рою. На першому ступені сировину екстрагували н-гексаном, після чого на другому ступені 
проводили екстрагування шроту водно-спиртовим розчинником. З метою мінімізації мож-
ливої деструкції пренілових флавоноїдів одержану водно-спиртову витяжку упарювали та 
висушували у вакуумі. Кількісний вміст Х, ІХ, 8-PN та 6-PN в досліджуваних зразках визначали 
методом ВЕРХ. Встановлено, що застосовані щадні умови упарювання та сушки привели до 
зниження кількісного вмісту Х, ІХ, 8-PN та 6-PN в сухому екстракті порівняно з їх вмістом у 
водно-спиртовій витяжці в межах 14, 16, 8, 14% відповідно.

ИССЛЕДОВАНИЕ ЗАВИСИМОСТИ СОДЕРЖАНИЯ ПРЕНИЛОВЫХ ФЛАВОНОИДОВ 
В СУХОМ ЭКСТРАКТЕ ХМЕЛЯ ОТ ТЕМПЕРАТУРНЫХ ПАРАМЕТРОВ ПРОЦЕССА ЕГО 
ПОЛУЧЕНИЯ
А.А.Добровольный
Ключевые слова: соплодия хмеля; экстрактивные вещества; прениловые флавоноиды; 
эстрогенная активность; упаривание; сушка
В процессе разработки технологии получения сухого экстракта соплодий хмеля в качестве 
АФИ с эстрогеноподобным действием исследовали ключевые факторы, способные влиять 
на качество готового продукта. Учитывая то, что прениловые флавоноиды хмеля являют-
ся относительно нестабильными соединениями и при определенных термодинамических 
условиях склонны к превращениям или деструкции, было исследовано влияние температур-
ных параметров упаривания и сушки жидкого извлечения хмеля на количественное содержа-
ние ксантохумола (Х), изоксантохумола (IX), 8-пренилнарингенина (8-PN) и 6-пренилнарин-
генина (6-PN) в сухом экстракте. Объектами исследования были образцы водно-спиртового 
извлечения, полученного после экстрагирования сырья и сухого экстракта после упарива-
ния и сушки. Экстракцию соплодий хмеля проводили методом фильтрационной экстракции 
в две ступени с предварительной обработкой сырья водяным паром. На первой ступени сы-
рье экстрагировали н-гексаном, после чего на второй ступени проводили экстракцию шро-
та водно-спиртовым растворителем. С целью минимизации возможной деструкции прени-
ловых флавоноидов полученное водно-спиртовое извлечение упаривали и сушили в вакууме. 
Количественное содержание Х, IX, 8-PN и 6-PN в исследуемых образцах определяли методом 
ВЭЖХ. Установлено, что использованные щадящие условия упаривания и сушки привели к 
снижению количественного содержания Х, IX, 8-PN и 6-PN в сухом экстракте в сравнении с 
содержанием в водно-спиртовом извлечении в пределах 14, 16, 8, 14% соответственно. 


