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Wastes discharged from beer breweries are mainly composed of malt and hop. The nutritional value of
malt is quite high and, consequently, it is recycled as feed for domestic animals; however, the nutritional
value of hop as feed is not so high. A new utilization method for hop waste is therefore required. In this
experiment, it is found that Procyanidin, a polymer composed of catechins, is abundantly contained in
hop bract part and hop itself. This research deals with the extraction of total polyphenols, catechin, and
procyanidin from hop bract part under various extraction conditions. When ethanol was used as the
extract solvent, about 30% of the total extracted polyphenols was procyanidin, showing that ethanol has
the highest selectivity for procyanidin. The extraction of all polyphenols, catechin, and procyanidin was
conducted in about 10 min at a temperature of 293–333 K and with horizontal shaking at 130 rpm. The
amount of each polyphenol extracted increased with increasing temperature. The total amount of cat-
echin extracted reached a maximum at an extraction temperature of 333 K. Compared with tea, more
polyphenols were shown to be contained in the hop bract part. A continuous extraction process for col-
lection of the polyphenols contained in the hop bract part using a modified mixer-settler extractor device
is described and the fundamental performance of the presented extractor was examined.

Introduction

In May 2001, the food recycling law went into
effect for the purpose of recycling and decreasing the
quantity of food waste produced in Japan. The main
discharge from the beer brewing industry is malt and
hop bract part, which total approximately 900,000 t
every year. Since the raw materials used in beer pro-
duction are agricultural crops (malt and hop), recycling
has been attempted (Yamamoto et al., 2005a). Because
of its high nutritional value, malt waste is recycled as
feed for farm animals such as cows and pigs; however,
since the hop bract part is less nutritional as feed, a
new recycling method is required (Yamamoto et al.,
2005b).

Hop and the hop bract part contain large amounts
of polyphenols, which have strong antioxidative prop-
erties (Kanner et al., 1994). Especially, procyanidin
B-2, B-3, and C-2, polymer structures composed of
catechin monomers, are known to be abundant (Ariga
et al., 1988). The chemical structure of catechin, a fla-
vonoid in the form of a low molecular weight
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polyphenol with the structure of flavan-3-ol, is shown
in Figure 1(a). Catechin, which is also contained in
green tea, has a characteristic bitter and astringent taste
(Guyot et al., 1998). The chemical structure of
procyanidin, a condensed polyphenol composed of
polymerized catechin, is shown in Figure 1(b)
(Suematsu et al., 1995).

It has been reported that procyanidins have
stronger antioxidative properties than catechin, and
recently, they have received much attention as a natu-
ral antioxidant. In this research, the extraction charac-
teristics of polyphenols contained in hop bract part are
measured using several solvents (methanol, ethanol,
1-propanol and water), respectively. In addition, a
mixer-settler extractor designed and manufactured to
extract these polyphenols is presented. The character-
istics of the mixer-settler extractor are also examined
under several experimental conditions

1. Experimental Methods

1.1 Extraction of polyphenols from hop bract part
A photograph of the hop bract part used in this

research is shown in Figure 2; the hop bract part was
supplied by Asahi Breweries, Ltd. In the extraction
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experiment, 10 g of hop bract part and 200 dm3 of ex-
traction solvent were introduced into an erlenmeyer
flask and shaken at 130 rpm. The extract solvent con-
taining polyphenols and the hop bract part were then
separated by suction filtration, after which distilled
water was added to the solvent solution. Next, the al-
cohol in the extract solution was removed by rotary
evaporation under reduced pressure. As a result of this
treatment, an aqueous solution containing polyphenols
was obtained. The aqueous solution was frozen using
a freezedry machine resulting in a dry polyphenol ex-
tract, which was used in the extraction analysis. A pho-

tograph of the collected dry extract,  a highly
hygroscopic green-brown powder, is shown in Figure
3.
1.2 Analysis of the polyphenols in hop bract part

(procyanidin and catechin)
A colorimetric method using a phenolic hydroxyl

reaction is widely used in the quantity analysis of
polyphenols. The standard substance is selected accord-
ing to the main kind of polyphenol included in the sam-
ple. The total amount of polyphenols in the sample is
then calculated from the standard value (Saijou and
Takeda, 1999). The analytical method used in this

Fig. 1 Chemical structures of catechin and procyanidin

Fig. 2 The hop bract part discharged from beer breweries Fig. 3 The dry extract obtained from hop bract part



958 JOURNAL OF CHEMICAL ENGINEERING OF JAPAN

research for catechin and procyanidin is shown below.
The amount of catechin was determined as a gallic

acid equivalent, which represents the coloration yielded
after combining galloyl component in catechin with
iron. The total amount of catechin and procyanidin was
determined using a vanillin assay (Iwasa and Torii,
1970); however, the obtained value is not an accurate

calculated value of procyanidin because it includes the
values of both catechin and procyanidin together.

The total amount of polyphenols was determined
using the Folin–Denis method (Porter et al., 1986) with
a commercially available phenol reagent. This method
is suitable for measuring small amounts of polyphenol.
The relative amount of procyanidin was calculated

Fig. 4 Chromatograms obtained from LC-MS analysis
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using Porter’s value. The coloration of cyanidin as a
result of hydrolyzation of the highly polymerized
procyanidin can also be measured using this method.

2. Results and Discussion

2.1 Analysis of procyanidin using liquid chroma-
tography-mass spectrometry (LC-MS)
Extraction was carried out using ethanol as a sol-

vent at an extraction temperature of 298 K and extrac-
tion time of 60 min. The extract was analyzed by LC-
MS; the obtained chromatograms are shown in Fig-
ures 4(a)  and (b) .  The results confirmed that
procyanidin dimers (molar weight: 578.5) and trimers
(molar weight: 866.9) are included in the dry extract
obtained from the hop bract part.
2.2 Extraction of polyphenol using various solvents

Extraction of polyphenols was carried out using
water, methanol, ethanol, and 1-propanol as the sol-
vent, respectively. A comparison of the amount of
polyphenol extracted with each solvent is shown in
Figure 5. The extraction conditions are the extraction
temperature of 298 K and the extraction time of 60
min. When water was used, the amount of polyphenol
extracted was 70 mg per 10 g of the hop bract part.
With ethanol, the amount extracted was less than this,
but the ratio of procyanidin was about 30%. Of the
solvents tested, ethanol had the highest selectivity for
procyanidin. Differences in the amount of polyphenol
extracted are closely related to the polarity of the sol-
vent and polyphenol.

A comparison of the relative amount of
procyanidin determined using Porter’s value is shown
in Figure 6. When methanol and ethanol were used as
the solvent, the value of absorbance rose; that is, the
relative amount increased. Methanol was shown to
most effectively extract procyanidin. In this research,

Fig. 5 Effect of various solvents on polyphenol extraction
Fig. 6 The relative amount of procyanidin with each sol-

vent

ethanol or an aqueous ethanol solution that is harm-
less to the human body, was chosen as solvent from
the viewpoint of practical use in the food manufactur-
ing process, and the medicinal drug treatment. The fol-
lowing extraction experiments were therefore carried
out using ethanol as a the solvent.

The relationship between the amount of
polyphenol extracted and the extraction time is shown
in Figure 7. The amount of catechin and procyanidin
extracted increased with increasing extraction time, and
it took about 10 min to reach equilibrium. An extrac-
tion time of 10 min was sufficient for equilibrium of
catechin and procyanidin with all solvents used in this
experiment.

The relationship between the amount of
polyphenol extracted and the extraction temperature

Fig. 7 Effect of shaking time on polyphenol extraction at
318 K
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is shown in Figure 8. Because the boiling point of etha-
nol is 352 K, the extraction temperature should be kept
below 333 K. The total amount of polyphenol extracted
increased with increasing extraction temperature while
the amount of catechin was approximately 0.73 mg per
10 g of hop bract part at all temperatures tested. The
amount of catechin contained in the hop bract part is
thought to be minimal, and the amount extracted
reached a maximum value at 333 K. The total amount
of catechin and procyanidin extracted was 6 mg per
10 g of hop bract part at 333 K, but the amount ex-
tracted did not reach a steady state at this temperature.
Modification of the extraction technique is therefore
required for optimization of the amount of procyanidin
and catechin collected at 323–333 K.

The relationship between the amount of
polyphenol extracted and the extraction frequency is
shown in Figure 9. The total amount of polyphenol
extracted decreased with increasing extraction fre-
quency. The amount of catechin and procyanidin ex-
tracted greatly decreased from the third extraction on-
wards.

The total weight of the dry extract obtained from
10 g hop bract part, the total amount of polyphenols
plus procyanidin and catechin extracted, and the ratio
of each to the total weight of dry extract are shown in

Table 1 .  The results show that the amount of
polyphenol extracted from the dry extract is notably
condensed compared with the hop bract part.

The amount of polyphenol extracted from the hop
bract part was compared with that from green and black
tea using the extraction temperature of 333 K, the ex-
traction time of 60 min, and an extraction frequency
of both. A comparison of the amount of catechin ex-
tracted from each is shown in Figure 10(a). A com-
parison of the relative amount of procyanidin extracted
from the hop bract part and both teas was also carried
out using Porter’s value; Figure 10(b) shows the ab-
sorbance obtained. The absorbance of procyanidin ex-
tracted from the hop bract part showed the highest
value. Therefore, the amount of procyanidin with a high
degree of polymerization (dimer or trimer) in the hop
bract part was confirmed in this experiment. It was
found that tea mainly contains low molecular weight
monomer polyphenols such as catechin, while the hop
bract part contains polymer polyphenols. Generally
speaking, higher degrees of polymerization of catechin
are thought to show its higher antioxidative property;
therefore, the hop bract part discharged from beer brew-
eries should be a valuable waste product.

Total
[mg/10 g-hop bract part]

Ratio to 10 g hop bract part
[wt%]

Ratio to dry extract
[wt%]

Dry extract 620 6.2 —
Total polyphenols 26.0 0.26 4.19
Procyanidin 8.5 0.085 1.37
Catechin 1.5 0.015 0.24

Table 1 Amount of polyphenols extracted from the hop bract part

Fig. 8 Effect of temperature on polyphenol extraction for
60 min

Fig. 9 Effect of extraction frequency on polyphenol ex-
traction
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3. Continuous Solid–Liquid Extractor

3.1 Design of a continuous solid–liquid extractor
A photograph and schematic diagram of the solid–

liquid extractor used in this research are shown in Fig-
ures 11 and 12. The mixer and the settler are made of
transparent PVC (polyvinyl chloride) and have a vol-
ume of about 800 and 1400 dm3, respectively. Crushed
hop bract part and an extract solvent are mixed in the
mixer unit using a mechanical stirrer; as a result of a
downward flow formed by stirring with the mobile
baffle plates (6 in Figure 12) the hop bract part and the
extract solvent are mixed efficiently. They are continu-

ously discharged from the mixer into the settler past a
division wing then the solid hop bract part is collected
as suspended material from the top of the unit.
3.2 Extraction using the continuous solid–liquid

extractor
The solvent (ethanol) was introduced continuously

into an extractor mixer (1) from a feed inlet (3) shown
in Figure 12. Extraction treatment was conducted us-
ing 10 g of hop bract part at the rotation speed of
300 rpm, the solvent flow rate of 400 dm3/min and op-
erating time of 50 min. In this experiment, only ex-
tract solvent was continuously flowed throughout the

Fig. 10 Comparison of the amount of polyphenol extracted from the hop bract part and green and black tea

Fig. 11 Photograph of the solid–liquid extractor Fig. 12 Schematic diagram of the solid–liquid extractor
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extractor; hop bract part was supplied only when re-
quired for extraction. Polyphenole concentration in the
outflow solvent was measured at a feed outlet (7) with
constant intervals of 1 min. Table 2 shows the amount
of polyphenol contained in the outflow solvent; the
percentage extraction shows the ratio to the total
amount of polyphenols obtained from the hop bract part
by batch operation. The percentage extraction of total
polyphenol, procyanidin, and catechin using the solid–
liquid extractor were 33.8, 21.1, and 32.0% of that in
batch operation, respectively. Three or four stages of
the presented mixer-settler extractor are needed in or-
der to separate the total amount of polyphenol in the
hop bract part.

Conclusions

In this study, it was found that procyanidin dimers
and trimers are included in the dry extract obtained
from the hop bract part. When ethanol was used as the
extract solvent, about 30% of the total extracted
polyphenols was procyanidin, showing that ethanol has
the highest selectivity for procyanidin. An extraction
time of 10 min was sufficient for equilibrium of cat-
echin and procyanidin with all solvents used in this
experiment. The effect of extraction for procyanidin
and catechin on temperature were examined in the tem-
perature rang from 323 to 333 K. The total amount of
catechin extracted reached a maximum at an extrac-
tion temperature of 333 K. The amount of polyphenol
extracted from the hop bract part was compared with
that from green and black tea. It was found that tea
mainly contains low molecular weight monomer
polyphenols such as catechin, while hop bract part con-
tains polymer polyphenols. The hop bract part from

beer breweries discharge catechin, while it contains
polymers, which makes the hop bract part a valuable
waste product.

The mixer-seller extractor designed and manufac-
tured to extract the polyphenols contained in the hop
bract part was tested under several experimental con-
ditions. The percentage extraction was deduced to be
20–30% of that in a batch operation. Three stages of
the presented mixersettler extractor are needed in or-
der to separate the total amount of polyphenol in the
hop bract part.
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Table 2 Amount of polyphenol extracted using the solid–
liquid extractor

Total
[mg/10 g-hop bract part]

Extraction*
[%]

Catechin 0.48 32.0
Procyanidin 1.8 21.1
Total polyphenol 8.8 33.8

*Ratio to the total amount of polyphenols obtained by batch
operation


