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Quality Characteristics of Beer with Pine Bark Extract

Ju-Seon Park and Sung-Tae Kang*

Department of Food Science and Technology, Seoul National University of Science and Technology

Abstract

The pine bark extract was added during the beer manufacturing process to develop a functional beer using natural
plant materials. Pilsner beer was prepared by adding 0-0.125% to the wort. Immediately before fermentation,
extracts were added with yeast cultured twice for 48 hr, and fermentation was carried out at 25°C for 5 d and stor-
age was carried out at 2°C for 15 d. In the experiment, pH, reducing sugars, soluble solid contents, specific gravity,
alcohol contents, chromaticity, total flavonoids, total polyphenols, DPPH, and yeast number were tested during fer-
mentation and storage to characterize. The pH, reducing sugar, soluble solid contents, specific gravity, and alcohol
contents of the six samples were not significantly different during fermentation and storage. However, yeast number,
flavonoids, polyphenols, and DPPH were higher at higher pine bark extract contents. L value in chromaticity was
the highest in control, and a value and b value were higher as the amount of extract added. In the sensory test,
beer with 0.05% pine bark extract showed the best color, sweetness and aroma. Therefore, it was judged that it is
desirable to prepare beer by adding 0.05% pine bark extract to pilsner beer.
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tH(Park, 2009).
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AL &9 ol &gt 7], W T tFst A+(in et al,
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Table 1. Formation for the preparation of pine bark extract beer
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Fig. 1. Flow diagram of pine bark extract beer preparation.

Beer samples

Control p0.025 p0.05 p0.075 p0.1 p0.125
Malt (g) 372 372 372 372 372 372
Pine bark extract" (%)” 0 0.025 0.05 0.075 0.1 0.125
Hop (g) 2 2 2 2 2 2
Water (mL) 1600 1600 1600 1600 1600 1600

DPine bark extract : The ratio to the wort after lautering
2% means the rate of pine bark extract in beer.
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Table 2. Soluble solid contents, reducing sugar, specific gravity and pH of pine bark extract beer during fermentation and storage

Days Control p0.025 p0.05 p0.075 pO0.1 p0.125
0 12.50+£0.10"N942 12 47+0.06" 12.53+0.06* 12.50+0.00* 12.47+0.06* 12.53+0.06*
Soluble solid 5 5.73£0.06"® 5.73£0.06" 5.70£0.00° 5.73£0.06 5.73£0.06" 5.73£0.06"
contents 10 5.70+0.00%¢ 5.67+0.06%5¢ 5.67+0.06%5¢ 5.63£0.06™ 5.60£0.00°° 5.60£0.00°°
(brix®) 15 5.63+0.06"55¢ 5.600.00° 5.67+0.06"C 5.63+0.06° 5.60+0.00¢ 5.60+0.00¢
20 5.60+0.00M¢ 5.67+0.06° 5.60+0.00° 5.57+0.06° 5.53+0.06° 5.53+0.06°
0 10.95+0.02¢A 11.06+0.014 10.96+0.02°%A 11.06+0.01*4 10.98+0.01% 11.08+0.01*4
Reducing 5 1.49+0.02°® 1.42+0.01<¢ 1.48+0.02°8 1.49+0.02°® 1.48+0.03%5¢ 1.44+0.02"8
sugar 10 1.5120.01%8 1.49+0.03%8 1.44+0.02°® 1.44+0.03°® 1.52+0.01% 1.45+0.07°¢8
(g/100mL) 15 1.49+0.02N58 1.50+0.01° 1.46+0.07° 1.42+0.08° 1.47+0.03¢ 1.46£0.078
20 1.44+0.01°%¢ 1.43+0.03%¢ 1.50+0.01% 1.45+0.02%8 1.43£0.01%° 1.43+0.06°8
0 55.00+1.00MA 54.33+0.58* 54.67+0.58* 54.33+0.58* 54.67+0.58* 54.33+0.58*
Specific 5 8.00:0.00NP 8.67+0.58¢ 8.33+0.58¢ 8.67+0.58¢ 8.67+0.58¢ 8.33+0.58¢
gravity” 10 8.67+0.58N5¢P 9.33+0.588¢ 9.33+0.588¢ 9.67+0.58" 9.00+0.00¢ 9.33+0.588
(gfem’) 15 9.67+0.58N55¢ 10.00+1.008 10.00+1.008 9.67+0.58" 10.00+0.008 9.67+0.58"
20 10.00+0.00%8 9.67+0.58°EC 10.33+0.58% 10.00+0.00%8 10.00:£0.00%8 10.00:£0.00%8
0 5.48+0.01* 5.47+0.02* 5.46+0.01%* 5.4440.01* 5.42+0.02¢4 5.38+0.024
5 4.37+0.01° 4.48+0.00*" 4.47+0.02%° 4.45+0.02°° 4.42+0.00 4.40+0.02F
pH 10 4.48+0.01% 4.59+0.00°° 4.56+0.00°¢ 4.51£0.00°¢ 4.47+0.00%° 4.46+0.01%°
15 4.56+0.02°%8 4.63+0.00*® 4.60+0.00°8 4.56+0.01" 4.56+0.01¢4® 4.54+0.018
20 4.50+0.02% 4.61+0.00* 4.58+0.01°8 4.55+0.01°® 4.53+0.02°¢ 4.51£0.01%
"Values are mean + standard deviation (#=3).
Ivalues with different superscripts a row (a-¢) and a column (A-E) are significant at p<0.05 by Duncan’s multiple range test.
NS means no significant difference (p<0.05).
HSpecific gravity is expressed as (x-1)x1000.
Table 3. L, a, b value of pine bark extract beer during fermentation and storage
Days Control p0.025 p0.05 p0.075 p0.1 p0.125
0 38.73£0.35P  38.13+0.42°C 37.93+0.21°C 37.70+0.30°® 37.10£0.40°® 36.87+0.06°
5 40.23+0.42%C 39.97+0.5748  39.73+0.40%AB  39.67+0.42°>A  39.20+0.36>* 38.93+0.38
L value 10 40.43+0.15"C 39.83+0.32°4B 39.57+0.38>B 39.47+0.47%4 39.10+0.30% 38.97+0.25
15 41.00+£0.35*8 39.60+0.10° 39.53+0.55%8 39.50+0.20° 39.10+0.40%* 39.07+0.49*
20 41.57+£0.50** 40.57+0.40* 40.47+0.59%* 40.20+0.61>* 39.63+0.494 39.50+0.35
0 -0.23+0.06%¢ -0.07+0.06% 0.03+0.06°® 0.13£0.12%¢ 0.20£0.10°¢ 0.40+0.00%®
5 0.03+0.06% 0.20+0.00%* 0.23+0.06%* 0.37+0.06** 0.43£0.06%* 0.47+0.06*8
a value 10 0.10+0.00%* 0.20£0.00% 0.23+0.06%* 0.33+0.06%* 0.40+0.00** 0.50+0.00%*
15 -0.10+0.108 0.03£0.06% 0.13£0.31°8 0.20+0.00"® 0.30+0.00°8 0.47+0.06*8
20 -0.27+0.06%¢ 0.10£0.10% 0.27+0.06%* 0.30+0.00°* 0.43£0.06** 0.53+0.06*
0 4.43+0.12% 4.50+0.10°%4 4.70£0.10°* 4.97+0.12"* 5.57+0.21* 5.80+0.17*
5 3.33£0.12°® 3.63+0.23%F 3.93+0.15%® 4.23+0.06"® 4.43+0.29°8 4.73+0.06%
b value 10 2.47+0.15% 2.87+0.06% 3.50+0.00°® 3.80+0.20¢ 3.90+0.10°¢ 4.43+0.35%¢
15 1.00+0.20%° 1.33+0.12%° 2.40+0.46°¢ 2.93+0.38"° 3.37+0.15°° 4.10+0.20°¢
20 1.30+0.35% 1.60+0.35% 2.57+0.46%¢ 2.90+0.00>P 3.40+0.26™° 3.67+0.23%°

Dyalues are mean =+ standard deviation (#=3).
Jyalues with different superscripts a row (a-¢) and a column (A-D) are significant at »<0.05 by Duncan’s multiple range test.

L, a, b value
u o] wish A% 7]

e} e},

Lare wEsh A% 7]
o gl =

O
=T

7F o] ME = Table 39

% goges o we

Al 7oA & 7] 7ko]

I71}1 0
E‘/TALE‘

o LEko] =obH thp<0.05).

Yom (2008)2] 1--ellA] @1 5=2] polyphenol®l] 4:31= tannoid
= W37t lageringsh= &< tannin© 2 W3l T A 3}
A33 S Z A haze particlee] ®Thal St} ESE Siebert

(2006)8] AFoINE S8 EEe 2

9]

o1& T Ay =

s v s



O
3
i
>
5
lo
o
l.olr
_L>,i
op
o
=
R
Olt

8,
o
)
%
i)
0
>
e
it

_%_

ol et al. (2001a)-4

Hae Fg 717+ Ak 7%”% L7L°] controlo
=3, agko] controlo] e A -rT/\]-O]—OiE]-(p<0 05). b
s

=]

s

2 =
mEB

AR ARZZE9] o] =242 foFo R

§‘_ == 1=
o e nygon wael AR 717ko] AYEHEA b
A

FZ 25°CoA 597 HEAT|EA
1% vheh, 2°Coll A 1543 AgstiA sdvi aw 4o)
3ol Wsks S48t 27t Fig. 2, 3¢ YERISL
. 37] 8% 4= 520log CFU/mL o2 24359
g 29t AURFHAFEZES] FUMel 255
2 7o Bkem p0.1257} 7.85 log CFU/MLE 713

< #s Bk weEbd H7b ARV o] 3R
Hoh o =2 28de 7k 2oz Adsila, ole o
dAe ol F71 AdFe] B8 Ao AsdL o|F
9g SRR = BE A FONA 24 2po]E Holx| ok
Rkom A 7|7kl = FEES] FHo] E2FE 4R
o] 7+t AAtHp<0.05). A 15U}l RE A5 &
2 47} Jung & Chung (2017)3} 7ol 6.00 log CFU/mL
FToZ AU 2ol A7t 8] 6.25 log
CFUmMLE 7P¢ @& 3& Bt ol 2y ddFEE
9] gitalso] EAPLEAR 23 yeast stressE S &Y OE
HarA R AEHES PN AR FHEH
(Jamieson, 1998; Yom, 2008).

W] AdFE FHFe TE X FoA] TF 3UXIA A
A S7teit 2 F2E 9 2715 B tH(p<0.05).
Kim et al. (2014)¢] Al WEH dHEo] W= ghd

4>a

viable cells (logCFU/mL)

0 5 10 15 20
days
—o—control —=#=p0.025 =—e=p0.05

p0.075 —e=p0.l —8—p0.125
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Table 4. Polyphenol, flavonoid and DPPH radical scavening of pine bark extract beer during fermentation and storage

Days Control p0.025 p0.05 p0.075 p0.1 p0.125
0 377.10£7.77%%  39571+1.62%  415.95+10.64°° 429.65:10.81* 464.42+2.13"  483.84+13.22%
5 356.85£0.94®  388.96+6.23%  420.86+0.61%  443.97+12.90* 466.26+3.83"*  480.57+2.15*
( p"gAp}E‘%}ﬁl ) 10 347.65+4.96C  378.73+7.50F  391.62+4.96"  405.93+3.09®"  421.47+6.97™  435.38+2.32
He & 15 322.90+4.08°  365.24+7.08C  381.80+3.03®  39223+0.71®  417.79+2.13"®  428.22+1.84°
20 294.68+3.38F  320.04+128°  333.13+1.23°  346.83+5.15"  373.82+4.35C  373.01+1.06
0 70.57+1.60" 80.424122%  9532+1.60"  119.28+2.88°  161.5942.40"  187.1422.11%
_ 5 67.1120.46™ 897442770 102.5120.80  136.84+5.76**  165.05£1.22%*  180.75+2.88®
(“gaé%‘}f/’;fg) 10 63.1240.92 80.95:2.11%  9320+£1.66®®  111.56£2.01°  128.33+8.08"  147.22+1.38
15 61261221 75.10£122  87.874046%  95.86+1.84°  115.0243.32°C  123.80+3.23
20 57.53+3.60" 75.90£1.22°C  83.6142.44%  932042.44°  108.63+1.22°C  115.28+1.38
0 27.69+£5.88™N%)  36.10+0.93°®  43.89+7.74™  53.75+6.16™°  64.96+1.32* 71.00+2.90°
5 29.58+1.97° 43.5542.10% 49.5442.19° 53.94+5.16° 59.59+2.06" 69.07+1.74*
D(E/E)H 10 23,6341 37 44.0843.12% 475141780 S457£170°  59.644225%  68.10+1.65%
15 23.92+1.86° 45.77+0.88% 48.77+2.749 55.20+2.28° 60.13+2.54%8 66.84:2.29%48
20 24.51£2.30° 42.004£331% 451424179 52.0247.22%  58.00£2.74™F  63.68+2.33%

Dvalues are mean = standard deviation (#7=3).

Jyalues with different superscripts a row (a-¢) and a column (A-E) are significant at p<0.05 by Duncan’s multiple range test.

NS means no significant difference (p<0.05).
f)GAE means gallic acid equivalents.
CE means catechin equivalents.

Table 5. Sensory scores of pine bark extract beers

Samples" Color Sweetness Sourness Bitterness Mouthfeel Flavor Overall
(%) preference
Control 4.70+1.69%° 4.80+1.47 4.80+1.77 4.95+1.47 5.25+1.37" 5.35+£1.27% 5.15+1.46"
p0.025 5.80£1.64° 4.35+1.53® 4.65+1.46 5.15+1.66 4.30+1.42 5.20+1.40% 4.50+1.40
p0.05 5.10£1.59® 5.45+1.82° 4.70+£2.23 5.20+1.94 4.90+2.10 5.85+1.87 5.00+1.86
p0.075 6.00+£2.00° 4.15+1.46° 4.80+1.67 4.75+1.33 4.80+1.61 5.10£1.37% 4.70+1.63
p0.1 5.95+1.28° 4.90+1.48™ 4.60+1.85 4.55+1.39 4.50+1.32 4.45+1.39° 4.45+1.47
p0.125 6.00+1.30° 4.35+1.73% 4.55+1.73 4.85+1.79 4.60+1.57 4.75+1.41° 4.35+1.23

DRefer to the Table 1.
Yvalues are mean + standard deviation (n=40).

dvalues with different superscripts a column (a-b) are significant at p<0.05 by Duncan’s multiple range test.

NS means no significant difference (p<0.05).
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