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Abstract To develop a beverage with high antioxidant
capacity and desirable sensory characteristics, Schisandra
chinensis (omija) fruits were added to ale type beer at
different time points of the brewing process. The phenolic
compounds contents in beer were found to be dependent at
the moment of the addition of omija fruit. Addition of
omija fruits at the initiation of boiling imparted highest
oxidative stability to beer and resulted in highest total
phenolic and flavonoid contents in ale beer (606.82 mg
GAE/L and 406.75 mg QE/L, respectively). The amounts
of schisandrin, gomisin A and gomisin B in beer were
12.10 mg/mL, 3.12 mg/mL and 0.86 mg/mL, respectively.
Taken together, it is hypothesized that the addition of omija
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fruits to traditional brewing process can improve the
development of value-added beer products.
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Introduction

Beer is rich in nutrients such as amino acids, carbohy-
drates, vitamins, phenolic compounds, minerals, etc.
(Bamforth, 2002). The main polyphenols present in beer
are flavonoids, phenolic acids, tannins, and proantho-
cyanidins (Piazzon et al., 2010) with origin from malt
(70-80%) and hops (20-30%), and substantially contribute
to the stability and sensory perception of a given beer
(Zhao et al., 2010). As craft beer has gained the position of
a measurable force in the beer market, more craft brewers
are exploring the manufacture of varying beer styles with
new flavors, aromas, and modified manufacturing pro-
cesses to satisfy the consumers (Sanna and Pretti, 2015).
The enrichment of beer with fruits not only adds new fla-
vors but also increases the content of bioactive substances
as well as the oxidative stability. Beers fermented with
fruits are attracting more are searchers’ attention due to
their good biological activity (Ducruet et al., 2017; Nardini
and Garaguso, 2020). Cherry, peach, apricot, orange and
apple have been used for fruit beers (Nardini and Garaguso,
2020) and improved the beers with desirable sensory
characteristics and high antioxidant capacity (Ducruet
et al., 2017). There are still many other functional fruits
applicable for beer production.

Schisandra chinensis (Turcz.) Baillon is commonly
known as “omija” in Korea and “wuweizi” in China. The
literal meaning of wuweizi is “berries with five distinctive
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flavor characteristics: sourness, sweetness, bitterness,
saltiness, and astringency”, and its aqueous extract has a
pinkish-red color and delightful flavors (Lu and Chen,
2009). The consumption of omija fruits has increased in
recent years in many countries, mainly due to the inherent
biological effects (Huyke et al., 2007). Recent researches
have demonstrated that omija fruits possess various
potentially beneficial activities, including antioxidant,
antimicrobial, antitumor, and anti-HIV effects (Chen et al.,
2012; Qu et al., 2014). To date, more than forty types of
bioactive compounds have been identified in omija fruits,
such as lignans (Ekiert et al., 2013; Gao et al., 2013; Huang
et al., 2013; Kim et al., 2011), volatile oils (Cheng et al.,
2014; Lee et al., 2011), polysaccharides (Chen et al., 2012;
Qu et al., 2014), and organic acids (Huyke et al., 2007). As
the primary bioactive components, lignans such as
schisandrin, gomisin A, and gomisin B mainly exist in
seeds (4.1-19.2% of whole fruit) (Gao, et al., 2013; Kim
et al., 2011). Nowadays, omija fruits are used as a nutri-
tional and functional ingredient in diverse foods, such as
tea, yogurt, fruit wine, fruit cake, jam, and other health care
products (Ekiert et al., 2013; Kim et al., 2015). However, a
few researchers have attempted to employ omija fruits in
the process of beer production.

The objective of this work was to develop ale beer
enriched with omija fruits with desirable sensory proper-
ties, high bioactive compound concentration, as well as
high oxidative stability. For this purpose, the dried omija
fruits were added to beer at different stages of the brewing
process, and the major bioactive compounds present in the
beer, and antioxidant activities of the obtained beer were
evaluated.

Materials and methods
Materials

Dried omija fruits were purchased from Bongpyeong
(Pyeongchang-gun, Gangwon-do, South Korea) and stored
in a refrigerator at 4 °C in their original packaging until
use. The pale ale malt (two-row spring barley, color 7
EBC) and carared barley malt (color 45 EBC) were pur-
chased from Weyermann Specialty Malting Company
(Bamberg, Germany). The dry ale yeasts (Safale US-05)
were purchased from Fermentis Ltd. (Marcg-en-Baroeul,
France).

Chemical reagents
Folin and Ciocalteu’s phenol reagent, 2,4,6-tris(2-pyridyl)-

s-triazine, 2,2-diphenyl-1-picrylhydrazyl (DPPH), 6-hy-
droxy-2,5,7,8-tetramethylchroman-2-carboxylic acid
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(Trolox), gallic acid, quercetin, schisandrin, gomisin A,
and gomisin B were purchased from Sigma-Aldrich (St
Louis, MO, USA). Acetonitrile and formic acid of HPLC
grade were purchased from Hanbon Science and Tech-
nology Co., Ltd. (Jiangsu, China). All other chemicals and
solvents used were of analytical grade or higher and
obtained from Sinopharm Chemical Reagent Co., Ltd.
(Shanghai, China).

Micro-brewing trials

A total of 4.5 kg of grains comprising of pale ale malt and
carared malt in a proportion of 9:1 (w/w) was ground using
a two-roller grist mill (Winfried Sauer, Frendorf, Germany)
at a setting of 0.2 mm, and then mixed with 20 L of water
at 50 °C. A commonly used infusion process was chosen as
follows: 20 min at 50 °C, 60 min at 64 °C, 20 min at
72 °C, and 10 min at 78 °C (mashing-off) by applying a
heating rate of about 1 °C/min. The mash was allowed to
settle for a few minutes and the supernatant was transferred
to the wort kettle. The sediment was washed twice with hot
water (70 °C) to obtain a final volume of 20 L of wort.
Subsequently, the wort was boiled for 60 min, followed by
the addition of hop pellets (0.8 g/L), whirlpool, and chil-
ling processes. During the wort boiling process, the hop
pellets obtained from Lupex GMBH (Hallertau, Germany)
were added at three stages: 0.1 g/l of Nugget pellets,
0.5 g/ of Amarillo pellets, and 0.2 g/l of Citra pellets
were added after 5 min of boiling, after 30 min of boiling,
and after 50 min of boiling, respectively. The crushed dried
omija fruits were added to the first lot at a concentration of
2 g/l wort (beer A) at the beginning of boiling.

The final hopped worts (around 13°Plato) were imme-
diately transferred directly into 25 L steel tanks (Candirect,
Duisburg, Germany) and stored at 20 °C. Prior to fer-
mentation, 16 g of the yeast, Safale US-05, was rehydrated
and added into the wort according to the manufacturer’s
instructions. The crushed dried omija fruits (2 g/l wort)
were also added before the fermentation, which led to the
generation of the second lot (beer B). The primary fer-
mentation lasted for 7 days at 18 °C while the secondary
fermentation lasted for 3 days at 20 °C. Subsequently, the
fermentation fluid was stored at 4 °C for 10 days. Finally,
the clarified beer was obtained by centrifugation at
6000x g for 20 min and filled into 500 mL amber glass
bottles with flip caps. Before conditioning, the same
amount of crushed dried omija fruits was added to the third
lot (beer C). The beer made without the addition of dried
omija fruits (the fourth lot) was served as a control (beer
D). Figure 1 shows the flowchart of the beer production
process.
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Fig. 1 Flowchart of the beer
production process. In the beers
(A-C), the crushed dried omija
fruits were added at different
stages. The control beer (D) was
made without any addition of
omija fruits
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Forced-aging test and evaluation of the antioxidant
capability of beer

Bottled fresh beers were aged in the dark under forced
conditions at 40 °C in a thermostatically controlled room.
The antioxidant capacity was analyzed by ferric reducing
antioxidant power (FRAP) and DPPH radical scavenging
activity assays after 0, 3, 6, 9, 12 and 15 days of force-
aging, respectively. The DPPH radical scavenging activity
of beer samples was determined using the stable 2,2-
diphenyl-1-picrylhydrazyl reagent according to a previ-
ously described method (Chen et al., 2019; Cho et al,,
2019). The determination of FRAP was performed
according to the established method (He et al., 2012).

Physicochemical analyses of beer
The original gravity, final alcohol content, pH, and color of

the degassed beers were measured using a DMA 4500
density analyzer and Alcolyser Plus (Anton Paar, Austria).

The international recommended analyses of bitterness in
beer in terms of international bitter units (IBU) were con-
ducted at 275 nm by spectrophotometric measurement,
using an acidic solvent extract of beer. Headspace gas
chromatography was employed to measure the contents of
acetaldehyde, diacetyl, higher alcohols, and esters (Deng
et al., 2018). Foam stability was assessed according to the
NIBEM value using the NIBEM tester (Haffmans, The
Netherlands).

Total phenolic and flavonoid contents

Total phenolic content (TPC) was determined using the
Folin-Ciocalteu spectrophotometric method (Zhao et al.,
2010). The results were expressed as gallic acid equivalents
(GAE) mg/L. beer. Total flavonoid content (TFC) was
measured by the aluminum chloride colorimetric assay
(Zhao et al., 2010). The TFC value was expressed as
quercetin equivalents (QE) mg/L beer.

@ Springer
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Analyses of lignan compounds

Three main active lignans (schisandrin, gomisin A, and
gomisin B) present in the degassed beer samples were
analyzed by UPLC-MS (Waters H-class equipped with
QDa detector, MA, USA) on a 1.7-um BEH C;g column
(2.1 mm x 150 mm) according to Gao et al. (2013) and
Kim et al. (2018). The mobile phase consisted of solvent A
(distilled water with 0.1% formic acid) and solvent B
(acetonitrile with 0.1% formic acid) at a flow rate of
0.3 mL/min, with gradient elution as follows: 5-10% sol-
vent A over 0.2 min; 10-55% A over 0.1 min; 55-65% A
over 2.7 min; 65-75% A over 1.5 min; 75-80% A over
1.5 min; 80-100% A over 1.0 min; 100% A over 0.5 min;
100-5% A over 0.1 min; and 5% A over 2.4 min.

Sensory analysis

The sensory evaluation was performed by a well-trained
panel of ten evaluators as our previous report (Deng et al.,
2018). The sensory attributes included the following three
aspects: odor (malty aroma, hop aroma and flavor of omija
fruit), mouth sensations (freshness and fullness), taste
(sweetness, sourness, saltiness, bitterness and astringency)
and total acceptability. Each sensory attribute was graded
from 1 (the worst grade) to 5 (the best grade) and the
average value obtained from the ten panels was used to
determine the final score.

Statistical analysis

Data were expressed as mean values + standard deviation
(SD) of three independent replicates. Statistical analysis
was performed by one-way analysis of variance, followed
by Tukey’s post hoc tests. Results were considered sig-
nificantly different when p values were < 0.05.

Results and discussion
Physicochemical analyses of beer

The results of standard beer analyses including original
gravity, ethanol content, pH, color, bitterness, viscosity,
and colloidal haze are shown in Table 1. The original
gravity and ethanol content were similar among all the four
beer samples (A-D). However, the beer color increased
significantly subsequent to the addition of the dried omija
fruits during the brewing process compared to control beer
D (23.4 EBC). Color values of the three fresh omija beers
ranged from 25.8 to 28.6 EBC. The bright red color of
omija fruits is known to arise due to high anthocyanin
content (Kim et al., 2009; Wu et al., 2011), which may
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result in the increase in color of the beer. The pigments in
omija fruits are highly water-soluble and therefore are of
great interest in alcoholic and non-alcoholic beverage-type
food processing (Lee et al., 2011). The addition of omija
fruits at the beginning of the boiling stage (beer A) resulted
in darker beer with deeper red color, which could be due to
the formation of colored Maillard reaction products (Du-
cruet et al., 2017) and the increased extraction of colored
compounds from omija fruits due to high temperature.

Addition of dried omija fruits also resulted in significant
changes in the pH and bitterness values of beer. A decline
in pH and an increase in bitterness were observed
(p < 0.05) in the beers produced with the addition of omija
fruits during the processing (A—C). The lowest pH value
(4.05) and the highest bitterness value (29.3 IBU) were
noticed for beer produced with the addition of omija fruits
at the beginning of boiling (A). In addition, the pH and
bitterness were similar for beers B and C, which could
possibly be due to the increase in the extraction of organic
acids and bitter compounds from omija fruits due to high
temperature. Previously published reports demonstrate
similar results stating that addition of omija fruits to other
foods, such as cookie dough and wine led to a significant
decrease in the pH (Ekiert et al., 2013; Kim et al., 2015).

Among the produced beers, the beer produced with the
addition of omija fruits before conditioning (C) had the
highest colloidal haze value reaching 7.19 EBC, due to the
presence of suspended omija fruits fragments. In other
cases, the colloidal haze had positive correlations with the
viscosity (p < 0.05), and both the values increased signif-
icantly when omija fruits were added within the brewing
process compared to the control. It is possible that the
polysaccharides, especially pectins released from the omija
fruits lead to flocculation (Gancz et al., 2006). In contrast,
Ducruet et al. (2017) found that the beers produced with
the addition of goji berries before wort boiling and fer-
mentation were less turbid than the control beer.

Moreover, the volatile compounds that contribute to the
beer flavor and stability contain diacetyl, acetaldehyde,
higher alcohols, and esters (Deng et al., 2015; 2018). It is
apparent that the contents of diacetyl and acetaldehyde in
the beer produced with the addition of omija fruits at the
beginning of boiling (A) were slightly increased, whereas
the contents of higher alcohols were scarcely affected
compared to the control beer (Table 1). Regarding the
esters except for ethyl caprylate, a slight decrease was
noted in the omija beer A. No obvious change was
observed in the contents of diacetyl, acetaldehyde, higher
alcohols, and esters between the other two omija beers (B
and C) and the control beer.



Lignan enriched ale beers using omija fruits 613

:;;l:h}l/Si’i‘;eprrlg?););ﬁcel;e(r)r;lcal Properties Beer A Beer B Beer C Beer D

finished beers Original extract (°Plato) 13.11 4 0.02° 13.09 + 0.04° 13.10 + 0.03° 13.14 + 0.03°
Ethanol content (% v/v) 5.20 + 0.10° 5.10 £ 0.10° 5.10° 5.2 4+ 0.10°
pH 4.05 + 0.03° 422 4 0.03% 436 + 0.02° 477 + 0.04*
Color (EBC) 28.60 + 0.10° 26.6 + 0.10° 25.8 + 0.20* 23.4 4 0.10°
Bitterness (IBU) 29.3 + 0.20° 27.9 + 0.09° 26.8 + 0.11° 24.4 4 0.10°
Colloidal haze (EBC) 1.18 £ 0.09° 1.21 £ 0.07° 7.19 £ 0.11° 0.24 + 0.02°
Viscosity (cP) 1.57 £ 0.10° 1.56 + 0.10° 1.52 + 0.10° 1.51°
Diacetyl (pg/L) 96.80 + 1.70° 89.7 + 0.80° 89.6 + 1.10° 90.1 + 1.0
Acetaldehyde (mg/L) 8.77 + 0.42° 8.01 + 0.26" 7.94 + 0.45° 8.03 + 0.33"
Ethyl acetate (mg/L) 30.15 + 0.28* 27.55 £ 0.30° 28.02 + 0.31° 27.69 + 0.25°
Isoamyl acetate (mg/L) 2.50 + 0.17* 221 +0.16° 222 + 0.14° 213 +0.11°
Ethyl hexanoate (mg/L) 0.19 + 0.02° 0.14 & 0.03° 0.13 & 0.02° 0.14 & 0.03°
Ethyl caprylate (mg/L) 0.14 £ 0.03 0.15 £ 0.02° 0.15 £ 0.02° 0.16 £ 0.01°
Propanol (mg/L) 14.12 £ 0.10° 14.15 + 0.13 14.04 £ 0.10° 14.11 £ 0.12°
Isobutanol (mg/L) 23.10 £ 0.14° 22.99 + 0.08° 23.05 + 0.21° 23.11 £ 0.14°
Isoamyl alcohol (mg/L) 57.15 £ 0.30° 57.12 + 0.21° 56.62 + 0.38° 57.07 + 0.35°

Values are the means & standard deviations of triplicate measurements. Means in a row that does not share
the same alphabetical letter represent significant differences at p < 0.05

Total phenolic and flavonoid contents in beers

The results of TPC and TFC in beer samples are presented
in Table 2. Both TPC and TFC increased with the addition
of omija fruits to the beers compared to the control. The
contents also varied significantly depending on the time of
the addition of omija fruits. Among the beer samples, the
highest TPC and TFC (606.82 mg GAE/L and 406.75 mg
QE/L, respectively) were measured in the beer with omija
fruits added at the beginning of boiling (A). The beer
produced with the addition of omija fruits prior to fer-
mentation (B) had higher TPC and TFC than the beer C
produced with the addition of omija fruits at the latter stage
of processing.

Beer rich in phenolic and flavonoid antioxidants exhibits
longer shelf life and better sensory properties such as flavor
and foam stability compared to the beer with lower
antioxidant activity (He et al., 2012; Zhao et al., 2010).
Recently, numerous studies were performed with emphasis

on total phenolic and flavonoid contents of commercial
beers (Mitic et al., 2014; Piazzon et al., 2010; Zhao et al.,
2010). Generally, ale beers have much higher TPC and
TFC values than lager beers (Piazzon et al., 2010). The
TPC values obtained by Folin-Ciocalteu in our study were
much higher compared to the ale from Piazzon et al. (2010)
(563 mg GAE/L). The TPC value in the beer with omija
fruits added at the beginning of boiling (A) was almost as
high as that reported for the amber ale beer produced with
the addition of goji berries (50 g/L) (Ducruet et al., 2017),
which was much higher than those in the commercial
apple, peach or apricot beers. There reported also signifi-
cantly different concentration of TFC in different fruit
beers, ranging from 103 to 209 mg QE/L (Mitic et al.,
2014) or ranging from 68 mg catechin equivalents/L for a
commercial apple beer to 222 mg catechin equivalents/L
for a commercial cherry beer (Nardini and Garaguso,
2020), which were lower than the omija beer.

Table 2 Determination of

TPC, TFC, and the contents of Ttems Beer A

Beer B Beer C Beer D

three lignans in the beers TPC (mg GAE/L)

TFC (mg QE/L)

606.82 + 16.64"
406.75 + 4.05"

568.73 + 13.57°
343.75 + 7.23¢

575.00 + 12.45°
377.19 + 9.01°

519.09 + 15.78°
303.19 + 4.91¢

Schisandrin (mg/L) 12.10 £ 0.30* 9.44 + 0.20° 8.96 + 0.20° UD
Gomisin A (mg/L) 3.12 £ 0.10* 220 £ 0.17° 2.19 + 00.11° UD
Gomisin B (mg/L) 0.86 + 0.01* 0.77 £ 0.05° 0.65 + 0.07° UD

Values are the means + standard deviations of triplicate measurements. Means in a row that does not share
the same alphabetical letter represent significant differences at p < 0.05

TPC total phenolic content, TFC total flavonoid content, UD undetected
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Determination of lignan compounds

Lignans are the major and characteristic constituents of
omija fruits, especially dibenzocyclooctadiene lignans,
which have been found to exhibit various potentially ben-
eficial biological activities (Ekiert et al., 2013). As shown
in Table 2, the addition of omija fruits during processing
(A-C) increased the contents of three major lignans
(schisandrin, gomisin A, and gomisin B) in the finished
beers. Similarly, their contents in the obtained omija beers
depended strongly at the time of addition of omija fruits
during the processing. The lowest contents were found in
beer C, whereas the highest contents were noted in beer A,
to which omija fruits were added at the beginning of
boiling. At this stage, the beers were subjected to the
thermal treatment at 100 °C for 60 min. Previous studies
(Gerstenmeyer et al., 2013; Lu and Chen, 2009) also
pointed out that the moderate heating at 100 °C did not
degrade the lignans in foods. In contrast, it resulted in
better extractability of the lignans.

Oxidative stability of beers

The changes in the antiradical and reducing the potential of
the four beer samples as a result of forced-aging at 40 °C
were evaluated using DPPH and FRAP assays (Tables 3
and 4). DPPH radicals have been widely used as model
systems to investigate the radical-scavenging abilities of
antioxidant compounds (Tafulo et al., 2010). As shown in
Table 3, the radical scavenging activity values of the four
fresh beer samples (on day 0) ranged from 0.88 to
2.02 mM trolox equivalents (TE). The DPPH radical
scavenging activity of each sample declined rapidly within
the first 9 days and subsequently stabilized gradually. All
the three omija beers exhibited stronger DPPH radical
scavenging activities than the control beer D on the same
day along the forced-aging period. Significant differences
in DPPH radical scavenging activity in the three omija
beers were also evident depending on the time of the
addition of omija fruits with the highest level in the beer

produced with the addition of omija fruits at the beginning
of boiling. Reducing power is also believed to be associ-
ated with antioxidant activity and serves as an important
indicator of beer aging (He et al., 2012; Piazzon et al.,
2010). Similar results were obtained in FRAP activity
analysis (Table 4). Among the samples, the largest
decrease in FRAP value was observed in the control beer D
after 15 days of forced-aging. Throughout the entire force-
aging period, the beers with added omija fruits exhibited
much higher FRAP activities, ranging from 1.86 mM Fe*"
for the beer A to 0.79 mM Fe®" for the beer C at forced-
aging day 15.

Antioxidant activity in beers is attributed mainly to their
phenolic compound contents (Ducruet et al., 2017; Zhao
et al., 2010). The data showed a good correlation between
antioxidant activity and TPC or lignans content in the beer
samples. As expected, the beer with the highest TPC
exhibited greatest oxidative stability during force-aging.
Several studies have evaluated the antioxidant capacities of
various beers (Piazzon et al., 2010; Tafulo et al., 2010;
Zhao et al., 2010). Piazzon et al. (2010) analyzed the
antioxidant activities of different types of beer based on the
FRAP assay and reported higher oxidative stability in the
polyphenol-enriched beer. Ducruet et al. (2017) mentioned
that enriching beer with fruits such as goji berries not only
add a new flavor but also increases the content of bioactive
compounds and the oxidative stability of the finished beer.
Furthermore, Kim et al. (2015) demonstrated that the
addition of 1.5% omija fruits extract to a cookie formula
increased antioxidant benefits without affecting consumer
likings.

Sensory evaluation

For further analysis of the additional effects of omija fruits
on beer quality, the organoleptic characteristics of the beer
samples were assessed (Table 5). Based on the sensory
evaluation, it was apparent that the four fresh beers had
little differentiation in the mouthfeel including fullness and
freshness. However, significant differences (p < 0.05)

Table 3 Changes in 2,2-

diphenyl-1-picrylhydrazyl Times (day)

Beer A (mM TE)

Beer B (mM TE) Beer C (mM TE) Beer D (mM TE)

(DPPH) scavenging activity in

; : 0 2.02 £+ 0.13*
different beer samples during .
15-day force-aging 3 1.70 &+ 0.12

6 1.37 £ 0.10°
9 0.95 & 0.09¢
12 0.80 & 0.10%
15 0.76 £ 0.03°

1.68 & 0.10° 0.96 &+ 0.05* 0.88 + 0.03°
1.30 £ 0.10° 0.70 £ 0.06° 0.69 + 0.04°
1.01 + 0.07° 0.44 + 0.03¢ 0.40 & 0.03¢
0.69 + 0.10¢ 0.28 + 0.02¢ 0.24 + 0.01¢
0.50 + 0.06° 0.19 + 0.07¢ 0.20 + 0.01¢
0.50 + 0.05° 0.21 + 0.08¢ 0.18 + 0.01¢

Values are the means + standard deviations of triplicate measurements. Means in a column that does not
share the same alphabetical letter represent significant differences at p < 0.05

TE trolox equivalents
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Table 4 Changes in ferric

. .2 Times (da
reducing antioxidant power imes (day)

Beer A (mM Fe*™)

Beer B (mM Fe?")  Beer C (mM Fe?t)  Beer D (mM Fe?™")

(FRAP) value in different beer

. 0 3.01 £ 0.05*

samples during 15-day force- b
aging 3 2.51 £ 0.06
6 2.24 + 0.06°

9 2.02 £ 0.12¢

12 1.89 + 0.13°

15 1.86 £ 0.14°

240 + 0.15° 1.86 + 0.08* 1.79 + 0.09°
1.97 £ 0.16° 1.50 + 0.10° 1.24 + 0.04°
1.64 + 0.12¢ 1.10 & 0.06° 0.96 &+ 0.03¢
1.39 + 0.09¢ 0.89 + 0.05¢ 0.70 £ 0.07¢
1.10 £+ 0.10° 0.90 + 0.03¢ 0.57 4+ 0.03°
1.01 + 0.10° 0.79 + 0.04¢ 0.58 + 0.02°

Values are the means + standard deviations of triplicate measurements. Means in a column that does not
share the same alphabetical letter represent significant differences at p < 0.05

Table 5 The sensory profiles of different beer samples

Sensory attributes  Beer A Beer B Beer C Beer D
Total acceptability ~ 4.0° 3.0° 3.0 £ 0.5° 4.0°
Malty aroma 3.0° 2.5° 3.0 4.0
Hop aroma 3.0° 3.0° 3.0° 4.0
Omija fruit flavor ~ 3.0* 35+ 05" 35° 1.0°
Sweetness 3.0° 3.5% 3.0° 3.0
Sourness 3.5+£05% 2.5 3.0° 2.0
Saltiness 2.0* 2.0* 2.0% 1.5%
Bitterness 4.0 3.5% 3.5% 3.5%
Astringency 1.5% 1.5% 1.5% 1.5%
Freshness 4.0 4.0* 4.0* 3.5%
Fullness 3.5% 3.5° 3.5% 3.5%

Values are the means + standard deviations of triplicate measure-
ments. Means in a row that does not share the same alphabetical letter
represent significant differences at p < 0.05

were observed for sourness and bitterness as the scores
decreased in the omija beers (A—C) compared to control
beer D, suggesting that the decline in pH and increase in
bitterness intensity of omija beers. This finding was con-
sistent with the aforementioned data of the chemical
analyses of beer. Compared to control beer D, sweetness,
saltiness and astringency exhibited no subsequent changes
by the addition of omija fruits during the brewing (A-C).
Beer bitterness is produced primarily by the hops and by a
few other bitter-tasting molecules such as polyphenols and
proteins (Deng et al., 2018). Since the same hopping
regime used in our work, it is possible that the bitterness
difference was originated from the polyphenols and pro-
teins released from the omija fruits. Another observation of
the omija beers (A-C) was a very distinct and palat-
able omija berry-fruit flavor. The volatile oils which are
largely made up of monoterpenes and sesquiterpenes are
the main components of omija fruits and responsible for
imparting the characteristic fruity flavor (Lee et al., 2011).
Overall, the most preferred product among the three omija
beers was the beer A produced with the addition of omija

fruits at the initiation of boiling (Table 5). The enrichment
of beer with omija fruits led considerably high amounts of
phenolic compounds especially lignans in the beer and can
be considered as a valid advantage. Other researches were
also conducted to increase the quality of beer by adding
goji berry, green tea, black tea or oolong tea (Ducruet et al.,
2017; Rong et al., 2016; Xu et al., 2018) having a profound
impact on beer flavor due to the volatile changes connected
with the yeast fermentation.

To conclude, the observed results clearly exhibit that
addition of omija fruits during brewing could increase the
level of bioactive compounds such as lignans in beer. The
contents of lignans and total phenolic compounds in the
omija beers strongly depended on the moment of the
addition of omija fruits in the brewing process. The addi-
tion of omija fruits at the initiation of boiling led to the
extraction of the phenolic compounds and development of
ale beer with the highest oxidative stability and the best
sensorial attributes. However, the colloidal haze of beer
significantly increased in the beer produced with the omija
addition. Consequently, further research is necessary to
unravel the methods to improve the clarity of omija beers.
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