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SUMMARY

Harvesting of white hop shoots might be justified if they can be shown to be benefi-
cial to human health. The aim of the present study is to determine the effects of hop culti-
vars and year of production on total phenolics, antioxidant potential, microelements and
pesticide residues. Biomass per plant was highly variable among the cultivars (3.1-7.1 g dry
mass per plant) and depended on hop cultivar and year (2009-2011). Total phenolics as
chlorogenic acid equivalents (CAE) on dry mass basis varied from 0.60 to 1.80 mg/g, and
showed significant effects across hop cultivar and year. The radical scavenging activities
of the samples collected in years 2010-2012 ranged from 11 to 19 ug CAE. Ferric reducing
activity was <0.01, with significantly different effects across hop cultivars (p.<0.05) and
year (p,<0.05) observed only in 2012. Traces of microelements and potentially active com-
pounds from the use of pesticides in white hop shoots of Humulus lupulus ‘Dana’ were an-
alysed. The content of zinc in the hop shoots on dry mass basis was very low (4 mg/kg),
and it was below the limit of detection in the soil. The content of copper in the hop shoots
was also very low (2.3 mg/kg), while in the soil it was below the critical emission (100 vs
300 mg/kg, respectively). All 182 active ingredients from the residues of the previously
used pesticides were below the limits of detection. It can be concluded that these white
hop shoots are better antioxidants than hop cones and hop leaves, and that they do not
contain any pesticide residues.

Key words: white hop shoots, hop cultivars, phenolics, antioxidant potential, microele-
ments, active ingredients of pesticides

INTRODUCTION

Hop (Humulus lupulus L.; Cannabinaceae) is a perennial plant that is cultivated almost ex-
clusively for its secondary metabolites. Apart from the well-known alpha and beta acids in the
hop cones that are used in the production of beer for their characteristic bitterness and aroma,
other hop components are receiving more attention as antioxidants and potential antibacteri-
al, antiviral and anticancer agents (7,2).

In culinary circles, the young spring shoots are eaten like asparagus (3). Early in the spring,
from 15 to 40 buds appear on the hop root systems. These grow rapidly and develop into the
hop shoots. When they emerge from the soil, they become green. Only four to ten shoots per
plant are then used for hop growing, and the rest are removed as waste. However, when they are
approx. 30 cm long, they can be regarded as the most expensive vegetable in the world. Their
high price results from the few days available for their collection, and their laborious harvest (3).

The white hop shoots are collected before they emerge from the soil. At this stage, they
are still fragile and are less bitter and not tough, but they have to be dug out of the soil manu-
ally. Traditionally, in Slovenia this is performed before the regular agrotechnical procedure for
pruning (cutting) of the top of the hop root system, which is carried out in April.

The world hop production has been in decline for several years, although only recently an
increase has been observed (4). The production of hops in Slovenia covers 1667 ha and repre-
sents about 3 % of the global hop area. According to the same source, hop production for 2018
was 3078 million tonnes (4).
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Harvesting of white hop shoots might be an opportu-
nity for small hop growers if these shoots can be shown to
be beneficial to human health. In vitro investigations of hop
cones and hop leaves have demonstrated the antioxidantand
antimicrobial potential of phenolics extracted from five hop
cultivars grown in Slovenia, Austria, Germany and the Czech
Republic (7). To date, to the best of our knowledge, the litera-
ture contains only one study about the phenolic content and
antioxidant potential of the wild hop shoots (5). On the oth-
er hand, concerns over the use of white hop shoots for culi-
nary purposes have arisen, because people are not familiar
with the pesticides used in hop fields. The main concernis a
possible high content of heavy metals and potentially active
compounds derived from the pesticides.

The aim of the present study is thus to determine the ef-
fects of weather conditions on the yield of white hop shoots
of five hop cultivars: H. lupulus ‘Aurora’, ‘Celeia’, ‘Dana’, ‘Hall-
ertauer Magnum’ and ‘Savinjski golding’ collected from 2009
to 2011 early in the spring (i.e. before their emergence) . White
hop shoots collected from 2010 to 2012 were extracted with
ethanol to determine their total phenolics and antioxidant
potential. Microelements copper and zinc, and potentially ac-
tive compounds that might have arisen from the use of pes-
ticides were analysed in samples of H. lupulus ‘Dana’ shoots
collected in 2010 only, along with the soil from the same
hop-growing location.

MATERIALS AND METHODS

Plant materials and collection

Table 1 (6) gives details of the origin, harvest times and
brewing purpose of the selected five hop cultivars: Humu-
lus lupulus ‘Aurora’, ‘Celeia’, ‘Dana’, ‘Hallertauer Magnum’ and
‘Savinjski golding’. The white hop shoots were collected in
the first half of April in 2009, 2010, 2011 and 2012 just before
their emergence, and before the regular agrotechnical prun-
ing of the top of the root system. Initially, in 2009, the white
hop shoots of each of the five cultivars were dug out of the
soil from around three plants, and then in 2010, 2011 and 2012
samples were taken from 15 to 20 plants of each cultivar. Con-
secutive plants were selected from a central row in each hop
field. Plants from the edge of the field were omitted. All of
the hop fields were in their fully productive period in each
year of sampling. One exception has to be stressed here. Only
the shoots of H. lupulus ‘Dana’ were more developed than
the shoots of other cultivars on the collection date in 2011
(16 April). Their green tops were just coming out of the soil.
Nevertheless, we dug away the soil and the shoots of H. lu-
pulus ‘Dana’ were cut from the root system in the same way
as those of the other cultivars because they were still white
in the lower part.

Each plantroot system had from 15 to 40 white shoots, with
the mean fresh mass of each shoot of approx. 1 g. Immediate-
ly after the harvest, the white hop shoots of each plant were
washed, dried on paper, and weighed, with a sample taken for

moisture content. Then all of the samples within each cultivar
were combined. Each annual sample per cultivar was divided
into two halves: one half was dried at 35 to 40 °C to constant
mass, and the other half was frozen and stored in a freezer at
-20 °Cfor later analysis. The mass of dry white hop shoots was
determined using the samples from 2009-2011, and chemical
analyses were done on samples from 2010-2012. In 2010, H.
lupulus ‘Dana’ shoots and the soil from the same growing lo-
cation were additionally collected to determine the contents
of copper, zinc and active compounds of pesticides.

Table 1. Background details of the hop cultivars used in the present
study (6)

Cultivar Origin Maturity Primary purpose in
class brewing
‘Aurora’ Slovenia Medium early Aroma
‘Celeia’ Slovenia Medium late Aroma
‘Dana’ Slovenia Medium early Bittering and
aroma
Hallertauer German Medium earl Bitterin
Magnum’ Y Y 9
Sa"”.”s",' Slovenia Early Aroma
golding

Location characteristics and weather conditions

Since two cultivars were grown in the same field (H. lu-
pulus ‘Dana’ and ‘Hallertauer Magnum’), four fields were se-
lected for sampling, located in Zalec, Savinja Valley (Slovenia),
a traditional hop-growing region, on medium deep eutric
brown soil on a sandy gravel base. The soil texture of the up-
per layers was classified as the clay loam to sandy clay loam
(i.e. medium to heavy soil).

In 2010, soil samples were collected from each of the hop
fields (approx. 0.5 kg from each hop field, taken from 20 to 25
places with the soil sampling probe to a depth of 0 to 25 cm,
going zig-zag across each hop field). Soil sampling probe was
Auger for arable land, @ 13 mm, operational length 25 cm, total
length 58 cm, graduation 5 cm, totally zinc-plated construction
(Eijkelkamp Soil & Water, Giesbeek, The Netherlands). Soil sam-
ples were frozen and stored in a freezer at -20 °C for chemical
analysis. Quantitative determination of soil texture, mechan-
ical analysis, was done according to the standard sedimenta-
tion method with particle size distribution in a combination of
sieving and sedimentation technique (7). pH was determined
in 1 M potassium chloride solution; P,O, and K,O were analysed
in the ammonium lactate (AL method; pH=3.7) extract of the
soil and/or spectrophotometric determination with ammoni-
um molybdate (phosphor) and with atomic absorption spec-
troscopy (potassium) (8,9). Magnesium was analysed with the
CaCl, method (10), and humus content with the ISO 14235:1998
method (77). Table 2 gives the data from the initial analysis of
the soil characteristics, along with the soil supply classes for
the elements (A=very low to E=excessive). These data indicate
a well-supplied soil, where the phosphate (P,0;), potassium
(K,0) and magnesium levels generally tended to be high (rang-
es:24.1-40.2, 28.0-34.8 and 5.6-39.3 mg/100 g, respectively). All

526 FTB)|Food Technology & Biotechnology

October-December 2019 | Vol. 57 | No. 4



Food Technol. Biotechnol. 57 (4) 525-534 (2019)

Table 2. Chemical characteristics of the soil from th
were sampled

e fields where the different hop shoot cultivars

Cultivar

Parameter ‘Aurora’ Celeia’ ‘Dana’ and ’Savir_1jski

‘Hallertauer Magnum’ golding’
pH 7.2 6.6 6.7 6.6
w(P,0,)/(mg/100 g) 28.0 40.2 24.1 39.0
Soil supply class (P,0,) D E C D
w(K,0)/(mg/100 g) 34.6 28.0 34.8 30.0
Soil supply class (K,0) D C D C/D
w(Mg)/(mg/100 g) 393 - 15.8 5.6
Soil supply class (Mg) E - D C
w(humus)/% 3.7 2.6 2.6 3.1
Humus content C C C C

A=very low, B=low, C=good, D=oversupplied (P,O, between 26 and 40 mg/100 g), E=excessive

(P,0,>40 mg/100 g)

of the hop fields had good humus content (overall mean 3.0
%), with mean pH=6.8.

The soil where H. lupulus ‘Dana’ hop shoots were grown
was taken separately as described above to analyse the micro-
elements copper and zinc, and pesticide residues, along with
the respective hop shoots.

The weather during the winter and spring (the period be-
tween the growing seasons) is important for hop, especially for
its root hibernation because it is a perennial plant. Therefore,
Fig. 1 shows the weather conditions, such as precipitation per
10-day periods and mean 10-day period temperatures, after
the hop harvest of the previous years (beginning of Septem-
ber) to April (the month of the white hop shoot collection) in
years 2009, 2010 and 2011. These data were obtained from the
Adcon Meteorological Station (Slovenian Institute of Hop Re-
search and Brewing (IHPS), Zalec, Slovenia). The lowest pre-
Cipitation in these periods was from autumn 2009 to spring
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2010 (548 mm), while from autumn 2008 to spring 2009 and in
2010/2011, the precipitation was higher (685 and 735 mm, re-
spectively). Itis worth mentioning that there was an extraordi-
nary precipitation level in the second 10-day period in Septem-
ber 2010, reaching 220 mm in 10 days, which resulted in high
levels of run-off and had a strong impact on the total precipi-
tation for the autumn to spring 2010/2011 period. Because of
that 10-day period, the precipitation in the interval from au-
tumn 2010 to spring 2011 was higher than in the same period
between 2009 and 2010. The overall mean daily temperature
during these 8 months in 2008/2009 and 2009/2010 was 6.2
°C, and in 2010/2011 it was 5.8 °C. From February to the first
half of April (i.e. to the time of white hop shoot collection), the
highest precipitation was in 2009 (182 mm), which also saw the
highest mean temperature (5.8 °C) followed by 2010 (167 mm)
and 2011 (81 mm), with mean temperatures for this period of
4.5 and 4.8 °C, respectively.
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Fig. 1. Precipitation (P) and mean daily temperatures (T) per 10-day periods from September to April
in the years 2009, 2010 and 2011. l.=the first ten days of the month, Il.=the second ten days of the

month, and lll.=the third ten days of the month
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Chemicals

Folin-Ciocalteu reagent, chlorogenic acid and 2,2-diphe-
nyl-1-picrylhydrazyl (DPPH) were from Fluka (Buchs, Swit-
zerland). Potassium hexacyanoferrate(ll) was from Kemika
(Zagreb, Croatia), and iron(lll) chloride was from Carlo Erba
(Cornaredo, Italy). All other chemicals and solvents were of
analytical purity.

Moisture content

The moisture content of fresh white hop shoots (from
2009-2011) was analysed according to the method SIST EN ISO
665:2001 (12). The samples (5 g of each cultivar) were weighed
in an aluminium pan and dried at 102-104 °C for 3 h (VO400;
Memmert GmbH+Co.KG, Schwabach, Germany). The drying
was repeated at least once until constant mass, with all sam-
ples analysed in parallel duplicates.

Extraction of phenolics

The frozen white hop shoot samples of all five cultivars
from the years 2010, 2011 and 2012 were thawed at room tem-
perature, shredded (5 g) into the extracting solvent (20 mL
96 % ethanol) and mixed at 60 °C for 24 h in a water bath
(Kambi¢, Semig, Slovenia). Once cooled, the suspensions were
centrifuged at 3600xg for 10 min (Centric 322B centrifuge;
Tehtnica/Domel, Zelezniki, Slovenia), the supernatants were
collected and used forimmediate determination of total phe-
nolics. The rest of the supernatants were frozen to -20 °C and
later used for the antioxidant potential assays. In each extrac-
tion, two parallel samples of each cultivar were extracted.

Total phenolics

Total phenolics were determined by the method of Sin-
gleton and Rossi (73). A suitable volume of each extract was
diluted with deionised water to 2.75 mL. Following the dilu-
tion of the Folin-Ciocalteu reagent with deionized water (1:1),
0.5 mL of this was added to the diluted extracts, and after
exactly 5 min, 0.5 mL 20 % Na,CO, was added. These sam-
ples were left for 90 min at room temperature, and then their
absorbance was read against a blank (96 % ethanol) at 746
nm in a spectrophotometer (HP DAD UV/Vis 8453; Hewlett
Packard, Agilent Technologies, Santa Clara, CA, USA). All su-
pernatants were analysed in three parallel batches, and total
phenolics were expressed in mg chlorogenic acid equivalents
(CAE) per mL extract. For this purpose, a calibration curve was
constructed in the range from 0 to 80 ug chlorogenic acid and
dissolved in 96 % ethanol, which provided a linear correlation
(y=0.0181x) with a correlation coefficient R>=0.996.

DPPH antioxidant potential

The 2,2-diphenyl-1-picrylhydrazyl radical (DPPH’) scav-
enging assay was used to determine the antioxidant poten-
tial of the obtained extracts. DPPH is characterised as the sta-
ble free DPPH'. When the violet-coloured solution of DPPH’

is mixed with an antioxidant that can donate an electron or a
hydrogen atom, this gives rise to the reduced form of DPPH".
This reduction in DPPH" can be followed by monitoring the
decrease in the absorbance during the reaction (74). The sam-
ples were prepared with 750 pyL 96 % ethanol, 250 pL suita-
bly diluted extract, and 250 pL 0.51 mM DPPH in 96 % etha-
nol. The control samples contained only 1 mL 96 % ethanol
and 250 uL 0.51 mM DPPH in 96 % ethanol. Every sample was
mixed well, and after 15 min the absorbance was read at 517
nm. The data is expressed as IC;, value, which was calculated
from the concentration of phenolics needed to reduce the
absorbance (A) value by 50 % using the following equation:

ICso=(re/R) Vi a

where y, is the mass concentration of the phenolic com-
pounds as CAE (mg/mL), R is the dilution factor of the ex-
tract necessary for 50 % inhibition of DPPH’, and V,  is the

volume of the supernatant from the sample (as indicated in
the DPPH’ scavenging activity assay).

Ferric reducing antioxidant power

For the ferric reducing antioxidant power (FRAP) assay,
the method of Juntachote et al. (15) was used. Here, 2.5 mL
50 mM phosphate buffer, pH=6.8, were pipetted into six test
tubes and up to 0.5 mL 96 % ethanol (every 0.1 mL) were add-
ed. After short vortexing (MS3 Basic vortexer; IKA, Staufen,
Germany), up to 0.5 mL extracts were added, followed by
2.5 mL 1 % potassium hexacyanoferrate(ll) and 2.5 mL 20
% trichloroacetic acid. The samples were mixed again and
centrifuged at 15 800xg for 15 min (microcentrifuge 5415C;
Eppendorf, Hamburg, Germany). From the obtained super-
natants, 2.5 mL were transferred to new test tubes. These
supernatants were diluted with 2.5 mL water,and 1 mL 1 %
iron(lll) chloride was added. The reaction mixture was vor-
texed, and after 25 min in the dark the absorbance was meas-
ured at 740 nm with a spectrophotometer (HP DAD UV/Vis
8453; Hewlett Packard, Agilent Technologies). The final data
were defined from the mean value of the slope of the straight
line (m) for the correlation between the absorbance and the
concentration of the phenolics in the final reaction mixture
(15), as calculated using the following equation:

y(TP)=y(TP),-V,,,-2.5/R 72/

sup

where y(TP); is the final total phenolic concentration, y(TP),
is the total phenolic concentration at the beginning of the
assay, V,,, is the volume of the supernatant of the tested ex-
tract, and R is the dilution factor.

Microelements and potentially active
compounds from pesticide residues

Microelements (copper and zinc) and potentially active
compounds from pesticide residues in the frozen samples of
H. lupulus ‘Dana’ shoots and the soil from the same cultiva-
tion location collected in 2010 were later analysed. Both of
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these microelements were determined using ISO 17294-2:2016
method (76). The dithiocarbamates were determined using CS,,
according to CSN EN 12396-2 method (77). The potentially ac-
tive compounds as residues in hop shoots and soil were de-
termined either by gas chromatography with mass spectrom-
etry (6890 GC with 5975 inert MS and with 6890 GC with 5973
inert MS, respectively; both from Agilent Technologies) or by
liquid chromatography tandem mass spectrometry using Ag-
ilent 1260 Infinity HPLC (Agilent Technologies) with APl 4000
QTrap LC/MS/MS (AB Sciex-Applied Biosystems MS/MS, Fram-
ingham, MA, USA). The used analyses are internal methods de-
veloped by and individual property of the National Laboratory
for Health, Environment and Food, Maribor (Slovenia). The con-
tent of these microelements and the potentially active com-
pounds as residues from pesticides were compared to the data
from the literature and legislation.

Statistical analysis

The mass of the fresh white hop shoots was weighed per
plant (replication) in each year for each cultivar (treatment),
and samples for moisture detection were taken immediate-
ly to calculate dry matter yield. The results were processed
with the Statgraphics Centurion XVI software (18). Differenc-
es among cultivars were detected using Duncan’s multiple
tests (p=0.05).

The white hop shoots were extracted in parallel dupli-
cates, and each extract from these two replicates was used
for the total phenolic analysis in four dilutions, and in paral-
lel triplicates, using the DPPH assay. Each extract was used
as duplicate or triplicate in the FRAP assays. The mean val-
ues and standard deviations were calculated from these rep-
licate data.

The experimental data on total phenolics, antioxidant po-
tential and ferric reducing antioxidant power were evaluat-
ed statistically using the SAS software v. 8.01 (19). The data
were tested for normal distributions and analysed according
to a general linear model procedure. The statistical model in-
cluded the main effects of cultivar (C): ‘Aurora’, ‘Celeia’, '‘Dana’,
‘Hallertauer Magnum’ and ‘Savinjski golding’, collection year
(Y): 2010, 2011, 2012, and their interaction CxY:

Y= U+ CitYj+CxY, +ey, /3/

where y;, is an observed value, y is a population mean and
e is a residual. Interaction CxY for antioxidant potential of

ethanol extracts was not significant, so it was excluded from
the model. Mean values were adjusted by the least squares
method (LSMEANS) and subsequently compared with Tuk-
ey’s test (p<0.05).

RESULTS AND DISCUSSION

Moisture content and biomass of the white hop shoots

The white shoots of all five hop cultivars were collected
in the first half of April of each of the three years (2009, 2010
and 2011) studied. The water content in the white hop shoots
ranged from 72.1 to 88.2 % in 2009, from 89.9 to 92.1 % in
2010, and from 89.6 t0 91.8 % in 2011 (data not shown), which
was on average larger than reported for green hop shoots (3).
This is understandable because young hop shoots grow very
fast from the buds, and they are full of water, fragile, covered
by soil, and white. Later on, their dry mass increases and they
become tougher and more green after they emerge from the
soil. Interestingly, Ruggeri et al. (3) did not report any differ-
ences in the moisture in the green shoots in two sampling
years (~82 %) (3).

The dry mass of the white hop shoots showed wide vari-
ability among the different cultivars in the period from 2009
to 2011 (Table 3). The cultivar H. lupulus ‘Aurora’ (3.1 g) had the
lowest significant dry mass of white hop shoots per plant, fol-
lowed by ‘Celeia’ (5.6 g) and ‘Hallertauer Magnum’ (5.9 g). Two
cultivars showed the highest significant dry mass of white hop
shoots: ‘Dana’ (6.7 g) and ‘Savinjski golding’ (7.1 g). There were
also significant differences in the highest dry mass of white hop
shoots related to the investigated year. The lowest dry mass of
the white hop shoots was observed in the early spring 2011, pri-
or to collection, when precipitation was the lowest (Fig. 1). Re-
cently, Ruggeri et al. (3) have reported on green shoots of nine
hop cultivars. Only one of their cultivars, ‘Hallertauer Magnum’,
was the same as in the present study. They determined the dry
mass of the green hop shoots per plant (4.26 gin 2013 and 4.01
g in 2014) of each cultivar. Their yield of the green hop shoots
per plant differed among the hop cultivars, although not sig-
nificantly over the 2-year period, except for ‘Hallertauer Aro-
ma'’. Therefore, it can be concluded that in their study the dry
mass and the yield of green hop shoots per plant depended
mainly on the hop cultivar and less on the growing year and
weather conditions. In our study, the dry mass of the white hop
shoots depended significantly (p<0.005) on both the hop cul-
tivar and on the year of collection (Table 3).

Table 3. Mean dry mass of the hop shoots per plant of the different cultivars and sampling years

Cultivar Year p-value
Parameter ' 1Cavimicli SEM
‘Aurora’  ‘Celeia’ ‘Dana’ Hallertauer ‘Savinjski 2009 2010 2011 C Y
Magnum golding
m(hop 3 5.6 6.7 5.90¢ 7. 5.8° 7.2 400 16 <0.005 <0.005
shoot)/g

SEM=standard error of the mean, C=effect of cultivar, Y=effect of year of production. Different letters indicate significant differences (p=0.05):

*d=petween cultivars, *“=between years of production
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Total phenolics and antioxidant potential

We carried out preliminary tests to find the most suitable
solvent for the total phenolic extraction. Four solvents were
tested: acetone, 96 % aqueous ethanol (V/V), 50 % aqueous
methanol (V/V), and N,N-dimethylformamide at different di-
electric constants (20.7, 24.55, 32.7 and 36.71). Although 50
% (V/V) agueous methanol improved the extraction of some
phenolics, 96 % (V/V) aqueous ethanol was used here as simi-
lar levels of phenolics were extracted, and also to allow closer
comparisons with the literature on hop leaves and hop cones
(1.

Total phenolics and the antioxidant potential according
to the FRAP assay in the five cultivars and three years (2010-
2012) are given in Table 4. In these white hop shoots, total
phenolics as CAE on dry mass basis ranged from 0.576 to
1.790 mg/g. The levels were significantly affected by cultivar
(C) (p<0.001), year of production (Y) (p<0.016) and interaction
CXY (p<0.001). The highest total phenolics were seen in the
extract of H. lupulus ‘Dana’ in 2010, and the lowest in the ex-
tract of H. lupulus ‘Aurora’ and ‘Celeia’ in 2010, ‘Dana’ in 2012,
and ‘Hallertauer Magnum' in each of the three years. In the
antioxidant assay, on the other hand, these ethanol extracts
showed significant differences in the interaction of the cul-
tivar and year of production (p,,<0.001). The m values were
generally significantly higher in 2012, with the exception of
‘Hallertauer Magnum’ (Table 4).

The antioxidant potential of white hop shoot extracts de-
termined with DPPH assay is expressed as the IC,. The higher
the IC,,, the lower the radical scavenging potential (Table 5).
The radical scavenging potential varied significantly among
the cultivars (Table 5); however, the differences between the
years did not reach significance (p>0.05). Significantly low-
er radical scavenging potential of ‘Hallertauer Magnum’ and

the highest of the extract of ‘Savinjski golding’ and ‘Dana’
was observed.

Total phenolics, radical scavenging potential, and ferric
reducing power are not always correlated. Correlation among
these parameters depends on the structure of the individu-
al phenolics, their redox potentials, and the assay conditions
(e.g. used solvent or pH value) (20). First, for the total phe-
nolic determination, the Folin-Ciocalteu method was used.
This method is based on the reduction of the phosphomo-
lybdates and phosphotungstic acid in the reagent with elec-
trons from the compounds with certain redox potential in the
extract. Other compounds can also be extracted with ethanol
(e.g. reducing carbohydrates), and their presence is reflected
in a higher total phenolic content. Next, for the DPPH" scav-
enging potential, the ability to donate an electron and/or a
hydrogen atom of the compounds isimportant, and this does
not always correlate with the redox potential of the pheno-
lics in the extract (20). Some studies have suggested that the
individual phenolics can have greater influence on the anti-
oxidant potential than total phenolics, as reported by Abram-
ovic¢ etal. (20).

In a recently published study where methanol extracts
were prepared from young shoots of wild hop collected from
four different locations in northern Italy, glycosides of two
major flavonols were identified and quantified (5). The au-
thors analysed the levels of quercetin and kaempferol glyco-
sides (mainly glucosides and galactosides), using HPLC-UV/
DAD, and reported their total range on fresh mass basis from
0.517 to 2.7 mg/g.

The present data for total phenolic content and antiox-
idant potential of these hop shoots were also compared to
those reported for some other vegetables (Table 6 (7,27)).
These data were mainly obtained from the phenol explorer

Table 4. Total phenolics and ferric reducing antioxidant power expressed as slope of straight line (m) of ethanol extracts from the hop shoots of
the different cultivars and sampling years

Parameter - Cultivar — - SEM p-value
Year ‘Aurora’ ‘Celeia’ ‘Dana’  ‘Hallertauer Magnum’ ‘Savinjski golding’

w(total phenolics as CAE)/ 2010 0.742% 0.6749f 1.7907 0.6399f 1.156< p<0.001

(mg/g) 2011 1131 0.857¢  1.054¢ 0.6849" 1.482° 0002 p,<0.016
2012 0.823f 1.290 0.7999 0.5769 1.059¢¢ Peyy <0.001

Ferric reducing 2010 0.0063¢ 0.0063¢ 0.0062¢ 0.0063¢ 0.0063¢ p-<0.673

antioxidant poweras m 2011 0.0060°  0.0066*  0.0063¢ 0.0069 0.0066° 0.0000 p,<0.003
2012 0.0069°¢  0.0070°*  0.0078* 0.0060°¢ 0.0075°2 Pcyy <0.001

SEM=standard error of the mean, C=effect of cultivar, Y=effect of year. Different letters within parameter indicate significant differences
(p=0.05) between groups according to the interaction cultivarxyear of production

Table 5. Antioxidant potential (IC,) of ethanol extracts from the hop shoots of the different cultivars and sampling years

Cultivar Year p-value
Parameter . 1Cavinicki SEM
‘Aurora’  ‘Celeia’  ‘Dana’  Hallertauer S 2010 2011 2012 C Y
Magnum golding
(IC,, as CAE)/ug 13.231%¢  13.797° 11.850¢ 15.9252 11.700¢ 13.792 13.044 13.065 0.431 0.007 0.647

SEM=standard error of the mean, C=effect of cultivar, Y=effect of year of production. Different letters indicate significant differences (p=0.05)

between cultivars
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Table 6. Total phenolics and antioxidant potential of hop shoots in comparison with some other raw vegetables

Plant sample
Hop shoots*

w(total phenolics as GAE)/(mg per 100 g)

‘Aurora’, 2010 28.4+43.4
‘Hallertauer Magnum’, 2010 22.3+26.1
Hop cones*

‘Aurora’, 2010 2.9+0.0
‘Hallertauer Magnum’, 2010 2.8+0.1
Hop leaves*

‘Aurora’, 2010

‘Hallertauer Magnum’, 2010 0.5+£0.0
Vegetable**

Asparagus 14.2-141.0
Broccoli 25.0-337.0
Cauliflower 10.4-274.0
Cabbage (green) 52.5-224.0
Onion (red) 81.5-126.0
Spinach 32.5-483.5

*GAE=gallic acid equivalents, **TE=Trolox equivalents

database (22), and the data for hop leaves and hop cones
are from our previously published study (7). The compari-
sons among these samples revealed that white hop shoots
are better antioxidants than hop cones and hop leaves. In
these studies, total phenolic content depended not only on
the analysed vegetable, but also on the cultivar, pedoclimatic
conditions and time of the year of the vegetable collection.
Different studies have used different solvents for extraction
of phenolics, even from the same vegetable. These reports
included 80 % (V/V) aqueous ethanol (17,18), acetone (21,23),
acetone/5 % perchloric acid (80:20; V/V) (24), and ethanol/
acetone/water/acetic acid (40:40:20:0.1 V/V) (25), compared
to the 96 % ethanol used in this study. Total phenolics are
also expressed in different units, depending on the standard
compound used in the assay, although those given in Table
6 were all in mg gallic acid equivalents (GAE) per 100 g fresh
mass. The antioxidant potential of different vegetables in Ta-
ble 6 is also expressed in different units, so the values are dif-
ficult to compare.

Copper, zinc and active residues from pesticides

One objection against using hop shoots for culinary
purposes is a belief that they might contain heavy metals
and residues of pesticides as a consequence of their use at
hop-growing locations in previous years. For this purpose,
in the spring of 2010, both the white hop shoots of H. lupulus
‘Dana’ and the soil in which they were grown were collected.
This cultivar had the highest total phenolic content and the
lowest IC,, (i.e. the highest antioxidant potential). Its shoots
contained copper on fresh mass basis only 2.3 mg/kg (de-
termined with 1SO 14235:1998 method (77); data not shown).
There is no specific copper threshold in hop shoots described
in the literature. On the other hand, the mean copper con-
tent in other plant tissues on dry mass basis is 10 mg/kg (26).

I1C;,/(mg GAE or umol TE per 100 g) Reference
0.014 Present study
0.015

(3.8+0.0) M
(3.9+0.0)
(6.4+0.0) M
(7.3£0.1)
(1288+130) (22)
(3529+353)
(925+90)
(2050+21)
(1521+138)
(2732+287) (23)

However, the samples of the soil contained 100 mg/
kg copper on dry mass basis (determined with ISO 17294-
-2:2016 method (16); data not shown). This value just reach-
es the warning value for copper in soil according to legisla-
tion (27), yet it is still well below the critical value (300 mg/
kg). The normal range of copper in loamy and clayey types of
soil is 25 to 60 mg/kg dm (27). Strumpf et al. (28) investigat-
ed hop-growing locations in Germany and reported that the
history of hop-growing has a high impact on the copper con-
tentin the soil (27). The hop fields used for up to 10 years had
on average <60 mg/kg copper, fields with hop production
for 10 to 50 years had >80 mg/kg copper, and fields where
hop-growing has been going on for >50 years had on average
>120 mg/kg of copper. They concluded that such contents
result from applications from 1924 to 1965, when for plant
disease control copper was used up to 60 kg/ha (28). Also, an
investigation running from 2006 to 2009 of the presence of
heavy metals and residues of phytopharmaceutical products
in the soil of randomly chosen hop-growing locations in Slo-
venia (from 15 to 84 soil samples annually with samples taken
after harvest) reported relatively high amounts of copper in
the majority of the hop-growing locations (29). The amount
of copper in the analysed soil samples was on average 77.1
mg/kg (minimum 20.6 mg/kg, maximum 177.0 mg/kg). As in-
dicated above, this is a consequence of the procedures used
in past decades. Indeed, hop production in Slovenia has 100
years of tradition, hop plants are perennial, copper is very
persistent in the environment, and phytopharmaceuticals
with copper have been used against downy mildew (Pseu-
doperonospora humuli) for more than 30 years. At present,
only up to 3 kg/ha copper perannum is allowed to be applied
in hop-growing locations, with spraying limited to twice per
annum. For the last two decades, for hop protection the ma-
jority of copper fungicides have been used against secondary
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infections of downy mildew, based on copper hydroxide and
dicopper chloride trihydroxide, for which the withholding pe-
riod is 14 days.

Although the copper content in the soil where H. lupu-
lus ‘Dana’ is grown reached the warning limit, the copper
content in the fresh white hop shoots that grew in this soil
remained very low (i.e. 2.3 mg/kg). These white hop shoots
grow very fast from the root system in spring, and thus it ap-
pears that they do not accumulate either copper or zinc. In
addition, they are harvested early in spring, before any phy-
topharmaceuticals are used.

According to Bergmann (30), plants contain zinc on fresh
mass basis between 25 and 150 mg/kg. The white hop shoots
of H. lupulus ‘Dana’ had much less zinc (4 mg/kg), while the
soil from the same hop field had 180 mg/kg, which is also be-
low the limit of 200 mg/kg on soil dry mass basis.

In Slovenia, less than 20 active ingredients are allowed to
be used in hop production (37). However, for the analysis of
potentially active ingredients in the soil and hop shoots that
might represent residuals from pesticides or be considered
as residues from their use in previous years, we analysed the
full list of 182 compounds; these data are given in Table S1.
These compounds were all measured below the limits of de-
tection (which for the majority is <0.02 mg/kg) in both the
white hop shoots (182 compounds) and the soil samples (180
compounds), except for imidacloprid in the soil (which was
also very low, i.e. 0.024 mg/kg, and only just above the limit
of detection). These data are in agreement with those of Si-
moncic et al. (29), who reported some residues of phytop-
harmaceuticals in only a few samples of the soil, and even
then only at low mass fractions (up to 0.008 mg/kg), with no
active pesticide ingredients from hop-growing reported in
the groundwater. The compounds that were detected in this
study in the white hop shoots but not in the soil were dithio-
carbamates and malaoxon.

The data from these analyses show that there is no con-
cern for the use of these white hop shoots for human con-
sumption. Indeed, most (95 %) of the hop yield produced in
Slovenia is sold to the markets of the EU, America and Ja-
pan, where the rules about phytopharmaceutical use are very
strict. It is estimated that 100 % of hops in Slovenia are pro-
duced according to the guidelines of integrated production,
with plant protection targeted with optimal phytopharma-
ceutical use; otherwise, the yield cannot be sold to those mar-
kets (37). Plant protection follows the instructions of the IHPS,
and is based on pest and disease forecasting services (32). On
average, 19.6 kg active ingredients of phytopharmaceuticals
per ha of hop field were used in 2009 and 2010 (24.5 kg/hain
vineyards). The plant protection runs from the beginning of
April to the end of August, and is based on five or six appli-
cations (April-May, beginning of June, end of June, mid-July,
end of July and mid-August), which includes mixed use of
fungicides, insecticides and acaricides. Dates of applications
depend on a cultivar resistance and maturing times, as well
as on the appearance of pests and diseases (37).

CONCLUSIONS

Biomass, total phenolic content, antioxidant activity, mi-
croelements and the presence of pesticide residues in white
hop shoots of five hop cultivars were analysed. The dry mass
of these hop shoots was highly variable among the individ-
ual plants within each of the five cultivars, and significantly
depended on the cultivar and year (defined in terms of the
weather conditions).

Total phenolics and ferric reducing antioxidant power
were also significantly affected by cultivar and year, but rad-
ical scavenging antioxidant potential varied according to cul-
tivar only. White hop shoots were better antioxidants than
hop cones and leaves. In the future, a profile of the phenolics
present in the white hop shoots of different cultivars should
be investigated.

The hop shoots of Humulus lupulus ‘Dana’ collected in
2010 contained very low levels of copper and zinc. This was
also the case for all 182 potentially active compounds from
pesticides measured in the soil of the H. lupulus ‘Dana’ grow-
ing location. Although the copper content in the soil was rel-
atively high, this was not reflected on the white hop shoots,
where it remained low. The contents of all potentially active
compounds were below the limits of detection or slightly
over it, i.e. far below the permitted values for residues in plant
parts intended for human consumption.
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