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Abstract: [Objective] Potato juice of freeze-thaw process is the liquid by-product derived from the production
of purple potato flour by solid-liquid separation method, and it is rich in carbohydrates and anthocyanins. In
order to increase the utilization value of the liquid by-product, the enzymolysis juice was added as
supplementary ingredient into wort to prepare dark beer by fermentation. [Method] Single factor test
combining orthogonal experiment was performed to optimize the fermentation conditions. The contents and
activities of antioxidant components in the dark beer were evaluated. [Result] The optimum fermentation

conditions for dark beer preparation with addition of purple potato enzymolysis liquid were as follows: Content
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of potato enzymolysis liquid was 25% (¢), initial pH was 6.5, inoculation of 2% (¢) M21 beer starter, and

fermentation for 10 d under the temperature of 15 C. The prepared beer was amber color and crystal clear, had

harmonious flavor and mellow taste. Its sensory score was 86.9, alcohol content was 5.84%, total acid content was

15.6 mL/L beer, total reducing sugar content was 18.69 mg/mL, chroma was 37.71 EBC, total phenol content

was 360.2 mg/L, chlorogenic acid content was 685.7 mg/L, and anthocyanin content was 208.4 mg/L. The total

reduction capacity of 10-fold diluent beer was equivalent to that of 0.150 mg/mL vitamin C, the scavenging rate

of DPPH radical was 49.9%, which was equivalent to that of 0.043 mg/mL vitamin C, and the scavenging rate of

ABTS' was 83.9%. [ Conclusion] Addition of purple potato juice of freeze-thaw process can partially replace

wort for brewing of dark beer with high antioxidant activities.
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Table 1 Factors and levels of orthogonal experiment for beer fermentation conditions

# Factor
JKF Level KO BB MR AR AR 2 80 % )
Addition of purple potato enzymolysis juice (4) PH(B) e ©
1 75 5.0 12
2 50 5.5 15
3 25 6.5 18
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Table 2 Effects of potato enzymolysis juice addition on sensory score and physicochemical properties of dark beer

e o S f N
KOLKRE o . )/ N . KRBT/
PRBERR i ms 0T DU R % o
BEARY 1)/ % (mg-mL™")  tE/EBC | . (gL™dh
o Sensory Alcohol ] (mL-L™) pH Fermentative )
Addition of purple Reducing Chroma ) Fermentation
O score content Total acids degree ]
potato enzymolysis juice sugar content capacity
0(CK) 85.8  4.48+0.03a  32.53+4.89a 34.83+0.25ab 12.8+0.3a 4.17 60.87 6.85
25 88.0  4.28+0.02b 9.96+0.02f 34.35+0.26b  7.9+0.1c 481 56.47 6.09
33 84.8  4.23+0.04b 10.10+0.03e 35.04+0.20a  8.1+0.1c 4.74 53.85 5.41
50 80.5  4.11+0.05¢  11.16+£0.03¢ 30.84+0.15d  9.1+£0.3b 4.54 52.43 4.26
67 76.6  3.14+0.03d 10.37+0.02d 27.23+0.20e  9.3+£0.4b 433 50.32 3.21
75 722 3.08+0.05d 12.59+0.03b 20.19+0.20c  9.4+0.4b 4.25 48.89 3.21

1) B ) 248 5 69 R R N B F4 % & £ 7 % #(P<0.05, Duncan’si%)

1)Different lowercase letters in the same column indicate significant differences (P<0.05, Duncan’s test)
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W, CEEREALRE J1 55 . M RE B PRI A M21 8]
M20 BOEH, LR RE VR R A . HHE A M21 %
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FER T, SN 4.25% F153.08%.
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Table 3 Effects of initial pH on sensory score and physicochemical properties of dark beer
\ P& SR/ . . KT/
. \ RS FE (0)/% SR/ KIESE 1Y
Wik pH EREVE REp)% (mg'mL™)  E/EBC o ? o (gL "d"
. Alcohol . (mL-L™) pH Fermentative .
Initial pH  Sensory score Reducing Chroma . Fermentation
content Total acids degree ]
sugar content capacity
5.0 82.6 4.49+0.04b  18.92+0.15a 39.50+0.20a  9.7+0.1a 4.67 66.15 4.67
5.5 83.2 4.26+0.04d  18.64+0.20a 38.88+0.10ac  9.7+0.1a 4.69 63.08 4.76
6.0 85.4 4.53+0.03¢  13.96+£0.20b 38.29+0.20bc  9.4+0.1b 4.68 64.62 4.85
6.5 82.3 4.66+0.02a 8.61+0.21c 34.88+0.15¢  8.2+0.1c 4.73 65.38 5.18
7.0 80.2 4.63+0.05a 5.75£0.31d  36.52+0.20d  8.0+0.1d 4.66 61.52 5.22
V)R 9 348 )6 09 R B /1 B F 8 AT £ 5t 2. 3(P<0.05, Duncan’s %)
1)Different lowercase letters in the same column indicate significant differences (P<0.05, Duncan’s test)
* 4 TREIESEMIHREMBERE TS KELERR Y
Table 4 Effects of yeast strains on sensory score and physicochemical properties of dark beer
\ P& A X . KT
o RS E ()/ %% MR/ RIEE Y
WeRFREbR RS RO gmiy e W) S (gLtdY)
Alcohol . (mL-L™) pH Fermentative .
Yeast starter Sensory score Reducing Chroma . Fermentation
content Total acids degree .
sugar content capacity
M20 84.3 4.49+0.00a  15.18+0.05b 36.06+0.06b  9.5+0.3a 4.56 51.54 5.84
M21 86.3 4.25+0.00b  13.47+0.03¢ 35.66+0.11c ~ 9.5+0.2a 4.53 53.08 5.54
M36 80.8 4.26x0.00b 8.70£0.02¢ 37.21+0.35a  9.1+0.3a 4.61 60.38 5.83
M44 84.1 4.24+0.00b  15.7240.03a 34.94+0.26d 10.5+2.1a 4.34 47.31 4.66
M47 81.6 4.17+£0.00c  12.92+0.04d 33.17+0.10e  9.1£1.0a 4.62 53.08 5.74

1)) 5 4 S5 8 7R R 1B 54 & & £ 2 %(P<0.05, Duncan’s %)

1)Different lowercase letters in the same column indicate significant differences (P<0.05, Duncan’s test)
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Table 5 Effects of yeast inoculation doses on sensory score and physicochemical properties of dark beer

5 - pOLEIEHE)/ - . K%/
p(BERLEERY % K FE (0)/% - P(SR)/ RIEE /Y% o
) . EE IS (mgmL™")  {4¥/EBC ’ i (gL"d™
Yeast inoculation Alcohol . (mL-L™) pH Fermentative .
ensory score Reducing Chroma . Fermentation
dosage content Total acids degree .
sugar content capacity
2 82.1 5.84+0.00a  9.39+0.04c 33.24+0.15¢ 10.1£0.2a  4.57 61.54 6.06
4 85.1 5.09+0.00c  9.25+0.03d 32.18+0.10d 9.7+0.1a  4.64 61.15 6.20
6 87.2 5.01£0.00d  9.41+0.04c 33.01+0.20c  9.6£0.2a  4.64 60.38 6.19
8 81.2 4.83+0.00¢  11.01+0.12a 34.02+0.15a  9.1£09a  4.61 60.38 6.53
10 78.5 5.334£0.00b  10.14+0.03b 33.60+0.15b  9.6+1.4a  4.51 59.62 7.80

DR 31 3% )5 69 R B A B F 48T £ 5+ 2.3 (P<0.05, Duncan’si%)

1)Different lowercase letters in the same column indicate significant differences (P<0.05, Duncan’s test)
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JEU il BT AR 7 . BRI E N 12~18 °C BNE
B, SREIRE R B, Ho 15 C B R £
EVE N 863, HIASEL. AL i, 700N 4.85%

B, PR R i S R IR S B 2T, BB M 60.77%.
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Table 6 Effects of fermentation temperatures on sensory score and physicochemical properties of dark beer

o . pCEJEHE) \ . KIES/
RIERE/C TR EE (0)/% SR R0
i sy @R L) @pgEBe )l T (eLdY)
Fermentation Alcohol . (mL-L™) pH Fermentative .
Sensory score Reducing Chroma . Fermentation

temperature content Total acids degree .
sugar content capacity

10 85.1 4.62+0.00d  11.65+0.02a 39.80+0.20a 10.4+0.5a 4.71 55.38 5.52

12 84.8 4.59+0.00e  8.83+0.04b 38.42+0.15b  9.7+£0.1ab  4.70 60.38 5.67

15 86.3 4.85+0.00a  8.59+0.02¢ 37.96+£0.15b  9.1+£0.2b 4.85 60.77 8.87

18 84.1 4.79+0.00b  8.77+0.02b 36.45£0.20c  9.3£1.0ab  4.46 60.77 6.53

22 76.2 4.65+0.00c  8.59+0.03c 34.97+0.20d  8.9+0.9b 4.71 60.38 5.50

DR 2 38 )5 09 R R B F4 & = £ 5F % 2 (P<0.05, Duncan’si%)

1)Different lowercase letters in the same column indicate significant differences (P<0.05, Duncan’s test)
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23 AMEEDREFMAETRREEENRENK
RO EE
K B L2 56 & R B S R ik (g

®7 AMECDREMMETIRIKEMEELBIE KNSR

Table 7 Results of orthogonal experiment for dark beer fermentation with addition of purple potato enzymolysis juice

S ) R c % RRE V5
Experiment No. Error Sensory score
1 1 1 1 1 73.2
2 1 2 2 2 78.8
3 1 3 3 3 79.6
4 2 1 2 3 78.7
5 2 2 3 1 68.8
6 2 3 1 2 83.7
7 3 1 3 2 75.0
8 3 2 1 3 81.5
9 3 3 2 1 86.9
ki 72.150 70.603 74.450 71.250
ky 72.050 71.333 76.433 74.137
ks 76.103 78.367 69.420 74917
% Range 4.053 7.764 7.013 3.667
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T, 55 T R 8 MG e ) 3 BT AL RR A  BEEAT
P . 3 8 RIAN, 42 25 ok o il Je i BRIk
WP ARG R AE TS R AY o 5 23 2R Tk (0 ML % T S
VR E B AR EL, AT 5 1) 6 1) 55 €0, T 2 5 TR £ ALY
Al gRReERERS, HEAFENRAT
8 HRG AT AE T T, S SR IR A4
HEEEDNAN360.2.685.7 M 208.4 mg/L. Hr
T AN SRR o o T R B Y 2.90 A

114 %o 5RKEEER IR, SR 8
BT R I ) S By B R R, ATRE SR
PR R B SR 5 0 0 R TBUA R s S SRR A E
R & D R HAE R A R e VE R =,
HAE i Ja M p S B T i dh . BRI,
PNTINER 0 B B AR VB RT DU IR il B
IE7IER A/ )i

RS AMECDREBEERTRNRERBESHTERCEEREMHS TELR"

Table 8 Contents of antioxidants in commercial dark beer and dark beer with addition of purple potato enzymolysis juice

e pl(mg-L™")
Sample S} Total phenol  £%J5{f® Chlorogenic acid 767 % Anthocyanin
SIS O S B S AR VL IR g 360.243.9a 685.7+11.6¢ 208.4+6.0b
Dark beer with addition of purple potato enzymolysis juice
KR BER A TR Mixture juice before fermentation 352.7+1.8b 1104.9+7.9a 691.3+23.1a
4l 37 2R IR (L1 Dark beer prepared with pure wort 186.0+1.5¢ 1020.0+41.9b 0
TR AN A commercial dark beer 124.2+2.8d 602.1+24.4d 0

1)) 5 & J& 89 R B B F 4 R £ 5+ 2 %(P<0.05, Duncan’s %)

1)Different lowercase letters in the same column indicate significant differences (P<0.05, Duncan’s test)

24 RMEEDREEAHTRKREEBNEINMT
FLEED
e 1 i DU I 2% AP 1) 45 (R S 0 5K O 5 4% T i
SR VLTI LML, g LA RE 10 7% )R 2EAT RS L
AACTETEVEA . 1R 9 FIHN, S aid R (il K&
TR LI A B, TR0 25% (o) 55 € 1) 4% 2 il i
TR T ) 26 A I £ P LA B v AR A T R4

BEF1. FEML 10 R5 R BEUEIE JR 7715 0.150 mg/mL
YA FR C IR S, 20 5l 9 Sl 22 28 Y 6 LR F T
WAL ) 1.80 A1 2.80 fi%; DPPH H Hi 3 iE R %
N 49.9%, 5 0.043 mg/mL 4i4: R C IERIERfE

A1, 4 ) g Al 2 28 R £ REL T RN T A IR £ TR 1
1.06 F1 1.44 f%; ABTS H HEIFFRFE A 83.9%, 737l
A B A A R R T S MR € R 1.13 A 1.20 %

®9 AMECDREBETRNKEEESHEREEBKIMIENLENLER
Table 9 Comparison of antioxidant capacities in vitro between commercial dark beer and dark beer with addition of purple
potato enzymolysis juice

MIEE T DPPH H Hi#:iE R G677
Total reduction capacity DPPH radical scavenging capacity ~ABTS [ 3
FEA , YHEZC) . YEHEZC) TR /Y
i wrl PO e, PORERO WD
Sample . (mg'mL™) . (mg-mL™) ABTS radical
Reduction o Scavenging o .
Vitamin C Vitamin C scavenging rate
value rate
content content
VRN 10 B B S R U PR € e 0.9509+0.022 42 0.150+0.016a 49.9+0.6b 0.043£0.003b  83.9+2.3a
Dark beer with addition of purple potato
enzymolysis juice
KRR AT 0.9138+0.006 5b  0.143+0.019a 55.3+0.8a 0.048+0.004a  37.0+3.3c
Mixture juice before fermentation
23 IR 0.5259+0.006 8¢ 0.074+0.019b 46.8+0.5¢ 0.040£0.003c  74.0+3.4b
Dark beer prepared with pure wort
FTT T A commercial dark beer 0.3460+0.001 8d  0.042+0.020c 34.6+0.5d 0.028+0.003d  69.9+1.3b

1R 51 3B 6 8 K B /b B 55 A 7 £ 37 2 % (P<0.05, Duncan’s )

1)Different lowercase letters in the same column indicate significant differences (P<0.05, Duncan’s test)
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