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Abstract

We investigated the influence of germination and high hydrostatic pressure (HHP) treatment conditions on the conversion
of functional compounds and antioxidant activity in adzuki bean. The adzuki bean germinated at 25°C for three- or six-days,
and was later subjected to HHP at 0.1, 50, 100, or 150 MPa for 24 h. The highest polyphenol content (5.36 mg gallic
acid equivalents (GAE)/g) and flavonoid content (0.91 mg catechin equivalents (CE)/g) were observed after germination
for six days and HHP treatment at 100 MPa for 24 h, respectively. The total phenolic acid contents increased with increasing
applied pressure from 88.86 to 208.26 pg/g (100MPa, 24h). Phenolic acids are divided into two categories; those that exhibit
increased content upon HHP treatment, and those that exhibit decreased content. The increasing phenolic acids were gallic
acid, chlorogenic acid, (+)-catechin, p-coumaric acid, ferulic acid, heperidin, salicylic acid, protocatechuic acid, cinnamic
acid, naringenin. The total anthocyanin content decreased with increasing applied pressure from 22.42 mg/100 g to 6.28
mg/100 g (150 MPa, 24 h). The highest ABTS radical scavenging activity (8.02 mg eq AA/g) and DPPH radical scavenging
activity (1.22 eq Trolox/g) were observed after germination for six days and HHP treatment at 100MPa for 24h, respectively.
These results suggested that the combination of HHP and germination can lead to improved functionality in adzuki bean.
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Fig. 1. Change in total polyphenol contents of germinated
adzuki bean before and after germination with different pre-
ssure (0.1~150 MPa). Values are mean£S.D. of 3 replicates.
Different capital letters in the same items indicate a sig-
nificant difference (p<0.05) among different pressure(0.1~
150 MPa). Different small letters in the same items indicate
a significant difference (p<0.05) among different germination
periods of adzuki bean.
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Fig. 2. Change in total flavonoid contents of germinated
adzuki bean before and after germination with different pre-
ssure (0.1~150 MPa). Values are mean+S.D. of 3 replicates.
Different capital letters in the same items indicate a sig-
nificant difference (p<0.05) among different pressure(0.1~
150 MPa). Different small letters in the same items indicate
a significant difference (p<0.05) among different germination
periods of adzuki bean.
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Table 1. Changes in phenolic acid composition of germinated adzuki bean before and after germination with different

pressure (0.1~150 MPa)

Contents of phenolic compound (11g/g)

Germination
Pressure iod: . .. Chloro- . . . . ... Proto- . . .
Mpa) periods Gallic  Gentisic . (+)-  Caffeic Phloretic . Ferulic Veratric .. Hesper- Salicylic . Cinnamic ~ Narin-
(Mpa (day) . . genic . . .. Coumaric . .. Naringin . catechuic . . Total
y acid acid . Catechin  acid acid . acid acid idin acid . acid genin
acid acid acid
0 03+ 021 27+ 511+ ND ND 0.3+ 054+ 016+ 043+  0.09+ 032+ 0.5+ 3.76+ 0.06+ 1456+
0.00 0.01 0.01 0.01 0.00 0.01 0.00 0.03 0.00 0.02 0.04 0.04 0.01 0.02
10.04+ 332+ 051+ 9.83+ 2.08+ 139+ 20.37+ 1.4+ 142+  50.53+
Con 2 ND ND 0.33 0.20 0.06 0.45 ND 0.24 ND ND 0.00 1.34 0.12 ND 0.02 1.35
871+  3.05+ 1.24+= 3271 0.11= 1.58+ 1.1+ 2981  9.26+ 1.20+  88.86+
4 ND ND 1.99 0.24 0.02 0.00 0.05 0.03 ND ND 0.02 1.61 0.05 ND 0.10 3.98
644+ 276+ 034+ 536+ 0.27+ 1.9+ 021+  14.53+ 30.53+ 253+  64.81+
0 ND ND 0.00 0.03 0.01 1.23 0.01 0.01 ND ND 0.01 0.02 ND 0.17 0.02 1.31
0.1 5 ND ND 1.64+ 242+ 032+ 11.9+ 1.76+ 2.5+ ND 0.16£  0.59+ 2411+  0.03+ 57.74+ 6.41+  109.57+
Mpa 0.45 0.02 0.14 0.49 0.01 0.03 0.02 0.19 0.11 0.02 1.07 0.33 0.65
2.01+ 37+ 086+ 13.06+ 1.76+ 3.63+ 1.05+  23.07+ 049+ 90.83+ 9.97+ 150.43+
4 ND ND 0.01 0.05 0.00 2.87 0.01 0.03 ND ND 0.05 0.06 0.01 0.37 0.04 2.65
0.48+ 1.58+  7.22+ 1.75+ 1.88+ 5.66+ 1.74+ 3583+ 029+ 60.72+  18.58+ 135.74+
0 0.02 ND 0.02 0.14 ND 0.54 0.03 0.20 ND ND 0.55 9.32 0.02 0.48 0.10 7.23
50 ) 0.23+ ND 046+ 739+ 039+ 9.87+ 5.16+ 8.4+ ND ND 09+ 39.67+ 096+ 57.58+  11.08+ 142.09+
MPa 0.13 0.00 0.28 0.08 0.03 0.10 0.04 0.00 1.65 0.05 0.74 9.46 12.15
1.81+ 057+ 1377+ 077+ 699+ 2425+ 10.75+ 4898+  2.28+ 61.86+ 2748+ 199.52+
4 0.01 ND 0.00 0.06 0.21 0.59 0.23 0.19 ND ND ND 0.62 0.06 0.23 0.05 1.15
0.58+ 035+ 1247+ 5.28+ 8.45+ 7539+ 138+ 1651+  39.66+ 162.17+
0 0.01 ND 0.00 0.19 ND ND 0.12 0.01 ND ND ND 0.59 0.03 0.14 0.75 0.07
100 6.06+ 048+  11.73+ 2285+ 11.73+ 107.12+  1.95+ 1237+ 3342+ 208.26+
Mpa 2 0.30 ND 0.00 0.05 ND ND 0.13 0.12 ND ND ND 1.00 0.02 0.16 0.36 1.01
6.99+ 66.81 1637+ 32.06+ 13.82+ 2.14+ 8.56+ 445+ 191.24+
4 0.03 ND 0.19 0.08 ND ND 0.72 0.03 ND ND ND ND 0.04 0.59 1.08 1.05
17.14+ 9498+  9.58+ 4.04+ 6.95+ 1.44+ 1.98+ 32.56+ 168.67+
0 0.72 ND 3.90 0.16 ND ND 0.17 0.00 ND ND ND ND 0.56 0.01 0.88 3.14
150 14.9+ 15.71+ 18.23+  10.81+ 2.14+ 3277+ 94.55+
2 ND ND ND
Mpa 0.43 ND 0.72 ND 0.18 0.14 ND ND ND 0.05 ND 0.37 0.67
8.68+ 12.61+ 11.7+ 8.46+ 1.24+ 3151 7420+
4 0.25 ND ND 0.37 ND ND 0.07 0.19 ND ND ND ND 0.01 ND 091 0.02
0 ehEAohTe] ga%e mgrAench wole] ofs) ¥ AFASHE o] Bk BE RO BEHCHTenple

A vepon, tEAlofYH T SkEAoPd o] B & 2
AZL HYT GEAOPIL ZA Q] =84 MABA Ak
Aol Fhze o] 2ok Ze A4 Aanrt BelT,
anthocyanin-B-glucosidase 2} polyphenol oxidase®} -2 Al Ex%
Fof] EAJ5H Ha EAO ApRHo] FaT 4T
SHLin 5 2008). whebx| 2 AFAT= A oA
84 el SEAO 9 k= Alohte] £AEE R
A ot} QbR o) )3 anthocyanin-S-glucosidase
oF 22 =AM FhpRdf Ha0| B3t upEt FEA]
obdo] ehEAloffdloR AghHe) e Ane wewt
(Kim 5 2016). E3, cyanidin®] 79 catechin®} 317 cyanidin-
catechin, proanthocyanidin 2! E}FH 9] LA RS2 A Hole}
Aol o8l Aol HAFUA T2A AEHE A

A7) §Iat Bl 2 ehd FARG 2L DA HAEL

B4

NJ 2000).

LAe) WshE 3 A Fig 3 % 4ok ok, YA
2 oh%) e g FABBAL Wol Advt Skt
w2} ol 3URtoll= vl FASHRAITE, Wok 6 o] {9
Aoz F7kshs A3 Hof ABTS 9 DPPH =tz 275
o] Z+zZ} "ol A 3.52 mg eq AA/g & 5.24 mg eq Trolox/g ©]%}
A9k, 5.24 mg eq AA/g X 0.44 mg eq Trolox/go.2 F7}3}%
o} ol23t A= Totx7| A I oA EAE SEAOL
o] g Astel 3 Eeluls, St ot 9 glEAt 3
ol ot 37] AA FUiete O dn= BoEh E3,
64} ol o] itk nX& 1A avte A



140 ARG -G - o8 - YA - AHS - ol2 - AN

Table 2. Changes in anthocyanin profiles of germinated adzuki bean before and after germination with different pressure

(0.1~150 MPa)

Pressure Germinatio Cyanidin-3-  Delphinidin-3-

Total anthocyanin Total anthocyanidin

(Mpa) periods (day) glusose glucose Cyanidin Delphinidin (C3-G +D-3-G)  (Cyanidin + delphinidin)
0 144+0.07  20.9840.14 14.17+0.06 3.45+0.02 22.42+0.07 17.62+0.05
Con 3 1.19+0.04 9.10+0.19 11.82+0.16 2.18+0.02 10.29+0.23 13.99+0.18
6 0.94+0.08 7512015 11.58+0.04 1.94+0.08 8.45:0.23 13.52+0.05
0 0.61+0.03 5.99+0.15 11.49+0.03 2.09:0.06 6.61+0.18 13.58+0.09
0.1 Mpa 3 0.23+0.03 4.06+0.05 10.70+0.04 1.610.02 4.28+0.08 12.31:0.02
6 0.13£0.01 4.54+0.07 10.130.00 1.510.01 4.67+0.08 11.64+0.01
0 0.06+0.08 7.26+0.04 11.14+0.10 1.95+0.06 7.3240.04 13.10+0.16
50 Mpa 3 0.07+0.04 7.1120.07 13.87+0.00 1.75+0.01 7.1840.11 15.62:£0.02
6 ND 5.79+0.08 13.49+0.06 1.68+0.01 5.76+0.10 15.17+0.05
0 ND 7.3240.10 12.97+0.46 243+0.18 7.3240.10 15.40:£0.28
100 Mpa 3 ND 6.360.19 13.04+0.12 1.68+0.02 6.36+0.19 14.71+0.10
6 ND 6.30+0.18 12.01+0.04 1.54+0.00 6.30+0.18 13.55+0.03
0 ND 6.07+0.09 12.89+0.47 227+0.25 6.07+0.09 15.16+0.22
150 Mpa 3 ND 6.47+0.01 13.09+0.39 1.710.02 6.47+0.01 14.80+0.41
6 ND 6.28+0.07 13.39+0.40 1.57+0.02 6.28+0.07 14.97+0.41
0.1Mpa-24H 50Mpa-24H 100Mpa-24H 150Mpa-24H 013pa24H . em{‘::: r::@ 100Vpa 240 130Mpa:2eH

Precsure(Mpa)-Tine(H)

Fig. 3. Change in ABTS radical scavenging activity (mg
eq AA/g) of germinated adzuki bean before and after germi-
nation with different pressure (0.1~150 MPa). Values are
mean£S.D. of 3 replicates. Different capital letters in the same
items indicate a significant difference (p<0.05) among dif-
ferent pressure(0.1~150 MPa). Different small letters in the
same items indicate a significant difference (p<0.05) among
different germination periods of adzuki bean.

Aol w2t oFsiAl vebgtew, HgE o] Skl
w2} ABTS W DPPH 2tz £752 217
AA/g L 0.44~1.21 mg eq Trolox/ge] HYZ 100 MPa7}R] &
745teh7} 150 MPag] 9Fel Ae) A] ZH4she A ualr
A2jqrelo] Z7katoll w2k 100 MPae) Qreizhx) wolge) 7

Fig. 4. Change in DPPH radical scavenging activity (mg
eq Trolox/g) of germinated adzuki bean before and after
germination with different pressure (0.1~150 MPa). Values
are mean+S.D. of 3 replicates. Different capital letters in the
same items indicate a significant difference (p<0.05) among
different pressure (0.1~150 MPa). Different small letters in
the same items indicate a significant difference (p<0.05)
among different germination periods of adzuki bean.
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