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INTRODUCTION

Because of the presence of  approximately  10 0 bitter 
subst ance s, also  more than  320 co mponents o f es sen-
tial oil s a n d 70 substanc e s of  po lyphenolic  com pounds 
and al most 20 pr enyl ated   avo noids in th e hop cones , 
t his  culture plant is an irreplaceable  raw material for  
the beer pro duct ion.  Furthermore, the hop cones  ar e 
wi dely used  in perfume, baki ng  industr ie s and m edi-
cine. At  the  moment  more than 100 co mplex medi cine s 
includ e the hop or its c ompo nent s. But the  m ain con-
  sume r of hop (more tha n 9 0 pe r  cent) is  th e brewery 
i ndu stry . The un ique bit ter su bstance s never  found in 
any other pla nt,  essential  oil  an d polyphenols  of h op 
provide t o b eer the typical  bitter taste and  aroma,  cause  
pur i  ca ti on and foam formati on, also increase biologi-
cal and c olloidal st orab ility of t his beverage  [1 ].

It  is known   t h at the bit  ter  subst ance s, esse ntial oil  an d 
prenyl  avon oids  of hop are synth esi zed  and accumu-
lated  in the lupulin g lan ds ( peltate trichom e s) loca ted 
on t he inner sid e o f th e hop cones ’ perul as,  and also at 
the  ovar y and co ne’s  spind le.  Lupulin glands  are multi-
cellular ha irsprings form ed from the cells o f epi derm is. 
Pe lta te tricho me s synth esize th e biologically  act ive 
materials  exuded under the cuticl e. As  long  as the  p el-
tate glands are greatly  lled with bitter substance s,  es-

s ential oil  an d xanthohumol, lupulin begins t o accumu-
late. D epending on the ripeness  of  cone s and wea ther 
cond itio ns   they  have variou s forms, are stick y by  to uch 
and bec ome of gold yellow colo r.

T he lupul in glands are also located on the anthers 
of s tami nate rac eme s,wh ile on leaves they are  con-
siderably less in number a nd ar e also les s de veloped. 
There fore, qua ntity and sta te of lup ulin  is on e o f the 
important  or gano leptic ind ices of the h op cones ’ q ual-
ity [2].

The brewing   v a lue of  hop and its p rod ucts  are det er-
mined  by the quality p roperti es of th e hop varie ty: the  
bi ochemical comp osition of b itter substa nce s and e ssen-
tial oi l, h arvesting per io ds, processing tec hn ology and 
conditions,  also  standard  ra tes a nd ways o f application to 
wort. It is know n, the varieties of  hop are disti ngu ishe d 
not only by the  -ac ids c ont ent, b u t also -acid s,  ess ential 
 o il an d  polyphenols co ncen tration at t he rate of 1 g of 

-acids.
Si nc e  1990  many s cientists in  vario us countries pay 

consi derable attention to the ex ploration  of hop’ s pre-
nylated   avonoids, which ar e extremel y  active bio log-
ically, in par ticular, ant  ic arcinogenic,  ph ytoe strogen, 
 antio xidant, antimic robial and  antiviral proper ties  [3, 
4]. I t is known  t h at   h op  ’s prenyl  a vonoids inc lude 
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more than 20 compoun ds: xa ntho hum ol, 6-pre ny lnar-
ingenin,  8 -prenylnaringenin ,  6 -geranilnaringeni n,   dys-
methilxanthohum ol , dehydrocycloxantho hu mol and
others. As Steve ns e t al.  [4] s tate, xanthoh um  o l   is of 

th e greatest value, its  content c ompos es 80- 90 per 
c ent   of th e  prenylchalcon es’  ove rall m ass in the hop. 
The  presenc e of  xant  hohu mol in th e hop cones is  es-
t abli shed in 19 67. However, as  this c on  nection   was  

F ig. 1. Lupulin bitter s ubs tan ce s ch romatogram 
for the  ne-aro ma variety Slovianka: X-axis: 
bitter substances components yield time (min), 
Y-axis: signal scope (mAU)

Fig. 2. Lupulin bitter substances chromatogram 
for the bitter variety Alta: X-axis: bit ter sub-
stances components yield time (min), Y-axis: 
signal scope (mAU)

Fig. 3. Lupulin bitter substances chromatogram 
for the variety Ruslan: X-axis: bitter substances 
components yield time (min), Y-a xis: signal sco-
pe (mAU)
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in t he fraction of h ard  res ins consi der ed undesirable 
among th e bitter sub stance s in  the be er production,  it 
 was not given a n  ade quate consider ation and practi-
cally not  investigated.

Th e anticarcinogen ic propert ies of xanthohumol 
were reported for the  rst time in 1998 at the confe r-
ence of   th e Am erican Toxi cology  Society in Seattle 
by resear che rs from  the  Oregon Univ ersit y. I t is ve ry 
e f  cie nt du ring  the  treatment  of the  dis eases caus ed 
by f ungi, sta phyloco cci , strep tococci, also  t he viruses 
o f herpes an d hepati tis . Xanth ohum ol is als o  studied 
as p oten tial  anticar cin ogenic agent [ 5 7]. Dur ing the 
bi o logi c al tests  it p roved to be  the m ost  active con-
ne ction among pren yl  avonoid s, esp ecially as for  t he  
in  uence on th e  canc erous cell s i n th e patients  with 
 can cer  of the la rge i ntestine, mammary gland, ovar ie s, 
prostate a nd  blood,  a t the sam e ti me no  in  uence on 
healt hy cells was sta ted. Ste vens a nd Miranda i nvesti-
ga ted that xan thohumol supp resses the cancer ous cells 
o f ma mmary glan d 200  tim es more active  in  compar i-
son to resv eratrol contained  in red wine [4, 6, 7] . T he 
a ntica r c in o ge n i c   action o f xanthohumol  is explained 
with its  antioxidant  prope rtie s. This very  agent act i-
vates the ferments impeding  a t umor growth, also  de-
stroy s cancerous cells and s tunts cont rol me tastases 
increase [ 7, 8].

Co-author of  t h is   a rtic l e, M. I. L iashe nko, inve s t ig at-
 ed for the  rst time a  quantity of xanthohum ol in vari-
ous domestic v arieties of  hop, and also its  acc umu la tion  
in the p rocess of con es’  for ming and  ri pening in the 
b egin ning of 1  980s. T he xanthoh umol concentration 
in the hop cones depe nds  on  its variety and no rmally 
is from 0.2 per cent to  1.6 p er cent. For  the  do mestic 
hop varietie s Ruslan,  Xanta, and Chaklun  the qua ntity 
of the agent  is within 1.0 1.6 per cent, whe reas the  
foreign va rieties  – Ge rman Taurus and Czech Agnus –   
demons trat e maxi  mally 1.0  per cent.

During wort  pit ching xanthohumol is converted into 
isoxanthohumol. There fore,  the latter cons iderably ex-
ceeds xanthohumol in the  beer. T he use in the b rewi ng 
o f the hop  var ieti es with  -acids  carbonic acid  extrac t s 
high content, wher e there is pra ctically  no xan thohu-
mol, leads to a dec rease of this  valua ble  f or the hu man  
orga nism agent in  the  beer.

The cor relation b etwe en the qua ntity of lup ulin glands 
 on the br act eal perulas of  the  hop cones and total  number 
 of b itter subs tances was es tab lished  earlier [9].

Th e aim of this researc h   consisted  in  the study of 
t he quantit y a nd q ualita tive co mposition  of  -, -acids  
and xanthoh umol in t o th e  lupul in of the hop co nes f or 
p articula r vari etie s essentially differing by these bio-
chemical qualitati ve  indexe s and by the ir presence in 
the s tami nat e race mes and l eav es.

MATERIALS AND METH ODS 

The r esearch was conducted in the certi  ed laborato-
ry of  th e Ho p and Beer  Biochemist ry Departme nt in the 
Institute of Agriculture of Polissia, NA AS of Ukraine 
( hereinafter referr ed  to as th e Institute).

The contemporary physical-c h emical  methods of t he
hop q ualitative estimat ion, bo th specially desi gned and
co mmon for the hop-growing  acc ording to DSTU 
4099: 2009 H op.; the s amp ling  rule s   and the  testing  
techniques [1,  10] , an d also mathematical - s ta ti s ti cal 
 metho ds involving   the dispersi on and correlation-
reg ression ana lyses for the a u thenticity  evaluatio n 
of  the  obtained results were a pplied  in the cu rrent 
research.

The hop  samples of the aromatic and bitter var ieties 
 grown in  the  test  eld of the  Insti tut e we re analyzed . 
T he hop sample s of each variet  y w ere s elected in  the  
industri al dead-ripe s tag e, not less than  from 10 bushes 
w ithi n the  middle ca nop y of plants, a ccording to the ef-

Table  1. Lupuli n Bit ter Substanc es Con tent  in Ho p Cones of Bo th Aroma and Bit ter Variet ies

Parameter
Hop Variety

Klop 18 Slovianka Serebrianka Zahrava Promin Ruslan Alta Mahnum

Cohumulone, %
Humulone + adhumulone, %

-acids, %
Cohumulone as part of -acids, %
Colupulone, %
Lupulone + adlupulone, %

-acids, %
Colupulone as part of -acids, %

-acids: -acids
-  -acids in total, %
-acids ratio to - and -acids amo-

unt, %
Xanthohumol, %

3.3
14.3
17.6
23.3

8.9
11.2
20.1
44.3
1.14
37.7
46.7

1.13

3.7
12.3
16.0
23.1
17.2
20.8
38.0
45.3
2.38
54.0
29.6

1.88

4.9
18.5
23.4
20.9
10.6
15.4
26.0
40.8
1.11
49.4
47.4

1.41

6.1
20.2
26.3
23.2
14.1
17.9
32.0
43.9
1.21
58.4
45.2

1.57

9.4
27.5
36.9
25.5
10.4
9.9

20.3
51.2
0.55
57.2
64.5

1.72

11.2
19.6
30.8
36.2
13.0

9.4
22.4
58.0
0.73
53.2
57.9

3.0

8.5
24.8
33.3
25.6

6.1
6.3

12.4
48.8
0.37
45.7
72.9

0.65

11.0
27.4
38.4
28.6

7.4
8.2

15.6
47.4
0.41
54.0
71.1

1.16
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 fec tive r eg ulation [1 0]. The average sample mass  f or  
 id  enti  cation and biochem ical  studies is equ al t o at least 
1  kg of d ry hop. T he hop sampl es  we re  drie d t o stan dard 
humidity of 9 12 p er  cent.

Pur e hop lup ulin was  obtained by the scr een sepa ra-
tion of the  indust rially ripe cones’  petal  mass through 
the 0.25 mm-meshes sieve;  while t he m ixtur e of pollen 
and lupulin  was  obtaine d f rom the  sta minate r acemes. 
The c onten t an d composition of     -,  -acids a nd x antho-
humol w ere det e rmin e d by t he method of hig h perfor-
mance li quid ch romatog rap hy [1, 10].

RESUL TS AND  DISCUSSION 

The   c on te n t and qualitative composition  of bitte r 
su bstances and  xanthohumol  in  lupuli n for both  the 
aromatic and bi tter hop varieties are determi ned.  Lupu-
li n bitter subst ances and xanthohumol chromatog rams 
for  ne-aroma variety Slovianka, bitter one – Alta and 
hig h xa nthohum ol bitter-aroma vari ety  Ruslan are rep-
resented in Fig. 1 3.

The basic components of bitter substances are - 
and -acids. On the chromatograms -acid are repre-
sented with the summation of cohumulone, humulone 
and adhumulone; whereas -acid – with colupulone, 
lupulone and adlupulone. The given chromatograms 
prove the fact that the lupulin in th  e ar oma va riety 
Slovi ank a demon strates considera bl y high e r pea ks 
of  -a cids components  than t he same -acids com-
po unds , whereas  the lupulin  in  the bitte r va riety Alt a 
h  as more -a cids, on the contrary.  Fur thermore,  on  the 
chrom ato  gram  of th e lupulin in the variety Ruslan th e 
xa nthohumol h ighest peak is obs erved amon g the giv-
en c hromatograms,  together wit h inc r eased content of 
 cohumulone in th e  -acids  compound s and co lupu-
 lone in -acids .

A qua ntity and composition of   the lup ulin bitter sub-
 st ances in the hop  con es of both ar oma  and bitter vari-
eties are g iven in Table 1.

It has been  previous ly  established  that  a - a cids quan-
tity v aries f rom 1  per cent t o 1 8 percent, and -a c ids – 
from  2  pe r cent to 1 2 p er cent [1,  2 ] de pending on t he 
 sele ctive vari      ety of hop.  This   gives ev idences on the 
fact that the - acid  s  quantity in  th e l upul in of th e aro-
ma  varieties of ho p i s  co nsiderabl y less  (14.3  26.3 per 
c ent) in com parison with the bi  tter varieties (30.8  3 8. 4 
per ce nt), w here as  -acids q u antity is more  in the l u-
pu lin  of aroma  va rie ties: 20.1 38. 0 per cent, while 
12. 4 22.4  per cent in the bit ter  var ieties, on the c  on-
trary. For this v  ery reason the  rat io  of  -acids  quan-
 tity to -aci ds in th e  aro ma  va riet ies is more than  one, 
whereas   in  b itter va rie ties it is consid era bly less. The 

- acid s portio n in th e total  amount  of - and -acids 
 va ries w i thin 2 9.6 72. 9 per c ent depending on selec-
tive var iet y in the i nvestigated lupulin. Thus, i t is im-
po  ssib le  to forecast the  - and -aci ds con te nt on  t he 
lupulin quantity.  For example, in th e variety Aro mat  
Polissia the cones contained a signi   cant quan ti ty of 

lupuli n in some  ye ars, however, th e -aci ds cont en t 
coul d  be not more t han 2 per cent.

The stu dy of - and -a cids c ompos it ion sh owed that 
the porti on of c ohumu lone  in -ac ids and colupu lone 
 i n -ac ids considerabl y var i es and  serves as a  grading  
factor. Thus,  - and -acids de  ni te c on tent a n d quali-
tative compositi on a re one of th e basic bioc hemical  in-
d ices  of bo th brewing v alue and  ho p sel ective varieti es 
i denti  cation.

For the  rst time the    xanthohumol quantitat ive  con-
tent in the lupulin of  different  vari eties wa s a nalyzed by 
the method of highly effectiv e liqui d c hromatography. 
It  was es tablished that  d epending on variety  its  quan-
tity v aries from  0.65  per cent  in Alt a to  3.0 per cent i n 
Ruslan . S ince xanthohu mol  is ri ch yellow, its portion in 
lu pulin  varies lupulin  co lor from  light- yellow t o gold 
yell ow.

T h e bitte r s ubsta nces i n the pollen and lupulin mix-
ture of the hop staminate racemes were also investigat-
ed. As a result, it was stated that - and -acids quan-
tity and their content in various plants differ essentially 
(Table 2).

Thus ,  an - a cids portion i n t he s tudied p lants v aried 
f rom 0 .22 per cent t o 5 .14  per cent, -a c ids – fr  om  0.34  
per cent to 5 .63  per  cent, cohumulone port ion as a part 
of  -acid s  increased almos t twice (22 4 4  per c e nt), 

Table 2. - and -acids Contents in Hop Staminate 
Racemes (Pollen and Lupulin Mixture), %

Plant 
Number

Content, %

-acids -acids
Cohumulone

as part 
of -acids

Colupulone
as part of 

-acids

22-52
-224

4-25
4-26

-225

0.22
1.18
2.14
3.27
5.14

0.34
0.52
1.28
2.32
5.63

41.0
34.0
22.0
31.0
34.0

68.0
54.0
32.0
50.0
41.0

Tabl e   3. -acids Content in Lateral Branches Leaves 
of Hop

Hop Variety

-acids,
1 mg per 

100g of Dry 
Substance

-acids, Content, %

Colupulone Lupulone + 
Adlupulone

Klon 18
Slovianka
Zhytran
Zmina
Haydamatskyi
Poliskyi

9.8
32.1

140.7
57.3
55.0
9.8

21.4
28.0
26.7
28.0
32.9
21.4

78.6
72.0
73.3
72.0
67.1
78.6
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and  co lupulone as part of -a cids  w as 32 per  cen t to 
68 per  ce nt. Thus, i  t is  n ecessary to cons ider the res ults  
of thes e e xplorations during  the pai r se lection for the  
bre eding.

In le af   gl ands of hop  onl y - acids w e re r eported; 
however,  their  qu antity  consider ably varied dependin g 
on the s ele ctiv e variety (Table 3 ).

It results  fr om Table  3  that - a cids quantity g reatly 
differs in l atera l b ranches leaves o f t he different h op 
varieties.  The highest content of -a c  ids wa s reported 
in the le aves of  the ar oma variety Zh ytran,  wh ile the 
least – in t he  varietie s Klon 18 a nd  Poli sky i. It s  hould 
be noted that  the  -acid s  content is relat ively  con st ant 
in the l eaves  with  the t angible advantage of lupul one 
and a dlup ulone over  colupulone.

CO NCLUSIONS 
The quant itative  cont e nt and c ompo sition of - , 

-a c ids  a nd coh umu lone in the  lup ulin  from particular 
varieties does no t depend on its  con tent  in the  hop  
con es,  though it is a grading factor at the same time. 

- and - ac ids ac count for almost half of t he lu pulin 
m ass.

The lup ulin f rom the  Rusla n variety  contains the 
highest rate of xanthohumol among all tested samples.

The lupulin i n the st ami nate  racemes obtained  from 
vari ous plants es sential ly differs i n - and  -ac id s 
cont e nt. T he rate of cohumulone in the comp osi tion  of 

-acids  and c o lupulo ne in -acids e ssent i ally changes 
in the separa te  plan ts, just  as into the hop  cones  lu-
p ulin.

The bitter  substa nces in  the hop leave s glands  are 
represented only with -a cids,  moreov e r lup ul one and 
a dlupulone  in  essence.
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