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Nutritional and Functional Properties of Water Extracts from
Achyranthes japonica Nakai—Rice Pilsner Byproducts

So-Hyeong Oh, Beom-Gyun Jeong, and Jiyeon Chun

Department of Food Science and Technology, Sunchon National University

ABSTRACT Two byproducts, brewer’s spent grain (BSG; germinated rice and malt) and brewer’s spent material
(BSM; Achyranthes japonica Nakai), were collected during the manufacture of pilsner beer using A. japonica Nakai
and germinated rice. Water extracts of BSG and BSM were prepared at different temperatures (25°C, 60°C, and 100°C)
for 5 h, and their nutritional and functional properties were investigated. y-Aminobutyric acid (GABA), saponin, and
niacin contents were higher in extracts prepared at 60°C for more than 3 h than the other extracts, whereas total
polyphenol content, DPPH radical scavenging activity, and reducing power were higher in samples extracted at 100°C
for 1 h compared to the other ones. Overall, water extraction at 60°C for 3 h was desirable to effectively collect
both nutritional and functional components from BSG and BSM. Under these conditions, BSM extracts showed 4~ 18
times high niacin and folate contents, 1.4 times high total phenolic content, and 11~60 times high antioxidant activities
compared to BSG extracts. This study shows that pilsner beer byproducts would be good sources of health beneficial
components, especially GABA, saponin, water soluble vitamins, and polyphenolics.

Key words: Achyranthes japonica Nakai, pilsner, brewer’s spent grain, aqueous extraction, functional components
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Ager 28 Ao e Baso] JukB,7). WF A% Al
dojA = BSGM A &z 4bdelA] Add FAbsE 5
oF 85%% 7V W& F& AAska glew, 95 100 LT
oF 20 kg®] BSGMe] @A sk= Ao m Haw o] k(7).
I A= WS FabEo] gRE v EE AlnYoR
o] &= 3 Jok(8,9), el Ag WF RAES VpER

ol gste] W WA, F7], Aol4, 9, EH I B T
I o] 71 MA HA e 23 b AEoR g8t
A7k g8 o] Fojx 1 Jrh(10,11). o] E A W5 BSGM
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& 4ol
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Ao A}-8-% thiamine hydrochloride, nicotinic acid,
nicotinamide, folic acid, y—aminobutyric acid(GABA),
gallic acid, L-ascorbic acid %2 Sigma-Aldrich Co.
(St. Louis, MO, USA) A 4383 21 diosgenin ¥5F3%
£ Tokyo Chemical Industry Co.(Tokyo, Japan)oll A
43l ). Folin-Ciocalteu’s phenol reagent®} 1,1-di-
phenyl-2-picrylhydrazyl(DPPH)2 Sigma-Aldrich Co.
o A, potassium ferricyanide, trichloroacetic acid %
ferric chloridet™= Wako Co.(Osaka, Japan)oll A T3}
th HGab B2 o AMS¥ WA H = Lactobacillus casei
subsp. rhamnosus(ATCC 7469)E ATCC(Manassas, VA,
USA)el A T-§isksdeh. 71e AHgE Aok 55 3 HPLC
S5S AMgEg o, =/ water purification system
(Aqua Max"""-Ultra, Young Lin Instrument Co., Anyang,
Korea)o. 2 GAH && A8315H
A M2 Y Xz

ARP W% A Zo]] AF&5E woli= 4291Ak 2% (pilsner,
carapils) .2 Weyermann Malzfabrik Co.(Bamberg, Ger—
many)ell A T3k o, mlop= AL W] (20154, AIE, g

) ME SN T FRE 2443 FAT B
24417k Bk ot F Ax3te] AL (T2
FRA 20159 11978 12970 A3}
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er’s spent material, BSM)< 37} $-&< 100°CelA 90
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ARP WFu §-84 ¥ 95 75 54 245
A% A5 F& WPE e} g WA BSG(Hel-rlo)
9 BSM($%

)y b7y 250 mL AHzrEEksTe] 10 g 9
0 mLE 7}8F g5 25, 60, 100°C2 =4 ¥
4% (HB-205SW, Hanbeak Co., Ltd., Bucheon,
Korea)oll Al 747+ 0, 1, 2, 3, 4, 5AI%F B¢t FE3190 %
Ao Heom Wreh § WFuks o ¥(Whatman No.1,
GE Healthcare, Little Chalfont, UK)g th& 100 mL=Z
&3] Aol AT

GABA £

GABA 32 Jo 5(13)9] WH& A5 WEsto] S45t
A} FEM AlZE 0.45 pum syringe filter(SF13-HLB
45-GM, Futecs Co., Daejeon, Korea)® o33} o,
AccQ-Fluor TM reagent kit(Waters Co., Milford, MA,
USA)e 2 f=A8kst thg HPLC AlZ2=81(1200 Series,
Agilent Technologies, Santa Clara, CA, USA)S ©]-&3}]
A8tk A 22 ZORBOX Eclipse XDB Ci5(4.6
mmXx150 mm, 5 pm, Agilent Technologies)o|™ Z# &
T 30°C3ATh GABA A& 333E715 &3t o7
3 340 nmeb FF 39 435 nmoll A &3 o] 54
2 A(40 mM sodium phosphate monobasic, pH 7.8)¢}
Bl(acetonitrile : methanol : water=4.5:4.5:1, v/v/v)& Table
13 22 2oz EA4s9 o, ojuf o] s4 &

I~ O
52 1.0
mL/min, AEFY =S 20 pL o
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Addition of water

Steeping malt (70%) and germinated rice (30%, w/w) in water at 45°C

!

Steeping at 60°C for 80 min

!

Steeping at 72°C for 15 min

!

Steeping at 78°C for 10 min

!

Filtration of wort

| — Brewer’s spent grain (BSG) collection
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for 20 min

Saccharification
process

ARP BSG:
--->» Malt and

Adjustment of sugar contents (11.5~ 12.0°Brix)

|

Boiling of filtered wort for 15 min: addition of A. japonica Nakai while boiling

|

Addition of the first hop (CASCADE-Pellets) and boiling for 60 min

l

Addition of the second hop (Hallertauer-HOP Pellets) and boiling for 15 min

l

Filtration

| — Brewer’s spent material (BSM) collection

germinated rice

Concentration
process

ARP BSM:
A. japonica Nakai

Quick cooling at 14°C

1
Addition of yeast (Safbrew S-23)

!

Fermentation at 14°C for 10 days

!

Decreasing of temperature to 5°C if sugar content reaches to 2.5°Brix

!
Aging at 3°C for 15 days
!
Shipping

Fermentation
process

Aging process

Fig. 1. A process flow of ARP (4. japonica Nakai-Rice Pilsner) beer manufacture.

Table 1. Gradient condition of HPLC mobile phases for y-amino-
butyric acid analysis

Time (min) A (%) B (%)
0 100 0
3.8 100 0
28 50 50
36 0 100
44 100 0
50 100 0
BAHEL 24
FTAPEY S Hial 5(14)9] o= SA3qIth Al

3
Fo 100 pLell 8% vanillin 100 uLE 7}8te] &3+ F
Yol A 1587 WA 8 vhg 72% H.SOs 1 mLE 7}13}e]
z Zgald ). 3-24Z(WB-20M, Jeio Tech Co., Dae-
jeon, Korea)oll A 60°C, 208-7F WF3-A)71 & 2oz
7}%} t}S microplate reader(Eon, BioTek Instruments,
Inc., Winooski, VT, USA)E ©]&3}o] F3EE 544 nmol
A 538t ZETAde] A3 2L diosgening Al

23} 21 total saponin contentE pg diosgenin equiv—
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Elolil g vfololal e AFFTH(15)Y] WHEE I
Mg 3to] HPLC A]2¥l(1200 Series, Agilent Technolo—
gies)2 2 B39 th A5 AL 0.45 pm syringe filter
(SF13-HLB45-GM, Futecs Co.)& o33t $ HPLCZ &
Aoty 22 YMC-PACK ODS-AM(Cis, 250 mmX
4.6 mm, 5 um, YMC Co., Kyoto, Japan)S A-83}4 0
diode array detector(DAD, Agilent Technologies)& ©]
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Table 2. Gradient condition of HPLC mobile phases for thiamine
and niacin analyses

A (%): 5 mM sodium 1-hexanesulfonate

1 V) .

Z:lrrlg (0.75% acetic acid and 0.02% rrllget}(l:)n)(‘)l
triethylamine)

0 100 0

8 100 0

20 75 25

30 60 40

31 100 0

39 100 0

A 6AIZE vl Fste] A3 T). Folic acid € 9(2 ng/mL),
ascorbic acid £4(0.1 g/mL) & A5 FE9L
um syringe filter® o] 3}s}e] ARg-5}3 o, A

it THRTE o835t Xl wat vhA 54 3te] ARE
¢t} Folic acid casei media ¥l 2]l 6A]F &<t depletion
media°ll A B1Y¥AIZ] L. caser brothE &5 pL/mL)3kaL,
ascorbic acid €% (10 pL/mL)& 7}8le] & &§ste] 4
Wi 2 Fn8]5% Tk 96 well microplated] EF8 w7
B AE A RS 150 plA 9L & TH]?S} B A S 150
A 7hete] 2 £ vhs 45 9 37°C w7 (HB-
103M, Hanbeak Co., Ltd.)ollA] 18~20A1%F vj A ZTh.
3t S3% 595 nmoll A o+ A
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Microplate readerZE ©]-&
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ka2 Bio-Tek(Winooski, VT, USA)2] Gen5 Hlo]E &
A AZESO]E o] &3dto] AitEal o™ pg/100 mL= U
ER AT
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FZg s gL Singleton 5(17)9] HHo g2 F43}
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Folin-Ciocalteu’s phenol reagent 100 pL¢ 5% sodium

carbonate €9 200 uL& X}l & 7}sle] & &3 v
1A 7 B¢t obA o] Wx] 8} t}. Microplate readerS o] &
ste] 750 nmell A 3 EE S435%aL TE s T§HS
gallic acid® EF¥ 02 AASHY] g gallic acid equiv—

alent(GAE)/100 mL= e AT}
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13t o™ gallic acid
ng GAE/100 mL=
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T 200 pL, 0.2 M sodium phosphate buffer(pH 6.6)
200 pL, 1% potassium ferricyanide &< 200 uLE 7}3s}
o 2 39t 50°C A Fol A 2083t v 1
71 & 10% trichloroacetic acid 200 pL= #7}3}e] b

JA A ZEE w2 1,000 rpmell A 1083 A&
5N 100 tLE 96 well microplated] F 3+ oS <
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Fig. 2. Changes in y-aminobutyric acid content of water extracts
from BSG of pilsner manufacture. BSG indicates brewer’s spent
grain (malt and germinated rice). Mean values with capital let-
ters for the same temperature and small letters for the same
extraction time are significantly different (P<0.05). NS: not
significant.

ol 1217 = 60°Ce] Lol e oF 3~441%) o] F
ZAI3bo] viEA g Ao R Holu, FA7Ee] &2 GABA
ko] &8 7t E Aow Helth 3 Lin 5(22)&
ztd o 2 HE GABA S 55 A detgrnc 4489
oM FEEo] won, 25 50, 75, 95°C2] ¥ 7HA] 2=
z71o) A 50°Ce} 75°Cell Al F+5& Al GABA 3] B =
A YERTha Batste] dnbd o R A5 58 A AMEE =
T9 2%7F GABA 3% FE 8495 BTN
2 AFolA Axg Ay W= 45~78°Ce] T2 B9l
A Z 2AIZF AR FElt o] FoR R o] WA F dGH
o] wWole} mjole] GABA AEo] FEHUS Aoz A7tH
th, w3k BSGe € 2= o] GABA 2SS AR 34
& s Aoz BT},

| ARP W Az Al A7t A ja-

&8l of gl gl Aol A
=Rl HF-E9 R gy, S5, 48 T ofAlof A He
A3 saponin, oleanolic acid, 20-hydroxyecdysone,
triterpenoid A€ 9] inokosterone, ecdysterone™} 2 &4
steroid A€ <] B-sitosterol, stigmasterol & Th&s ¢k
Ao 2 defA QIrh(23,24). ol
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ok, dled A Fo Had AR el Ao
2 magol glow, 58 AlEIS ek, AT, WA 5o
a4 Aoz deA Ark25,26)

R ATl M ARP A2 A 5HFH o F dojAx
BGM| F8 7154 4¥& A¥der d4sa BSMe
emd wE 45 FF 54 2ASUHFig 3). BSM
A4 FE o] ALEY S GABA JE3} 2o] BE 35
2ol 27] 142 B9k w2 $5EE Aow ek
th 21 o] F A& 517 S 60°Cell A= F7kakaL 100
°Coll = Zhaahs #2149 4 Yehl o, 1413
ol F-o] A FaFel o] FRd sk wEHA Yot

o 4 F& 54 189
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Fig. 3. Changes in total saponin content of water extracts from
BSM of pilsner manufacture. BSM indicates brewer’s spent ma-
terial (4. japonica Nakai). Mean values with capital letters for
the same temperature and small letters for the same extraction
time are significantly different (P<0.05).
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sided] &£240] Yl Ao 2 Bolt) nlaka ARP W3
BSME| Al i FE5272E 60°Co 22 F29]
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ARP SHz=HIO| LtO[O}Al H
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59 84 HEr B
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e FEAES A3, °
gAeg £33 FYAHE
22 ltH(?29). ARP W
7104 Elopnle HEHA ekgton 2k
Z 9] volojal e W3l Fig. 4] YERNATE ARP
W5 BSG FE& 9] vololal e 25°Cet 60°ColA] 5

—
rE

78 mglont o dol7} wvistg on, 100°CAM =
1217F Z0ke] Lpo]obal ZZ2Fo] 25°Ce} 60°Col Hs}od
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Fig. 4. Changes in niacin contents of water extracts from BSG (A) and BSM (B) of pilsner manufacture. BSG and BSM indicate
brewer’s spent grain (malt and germinated rice) and material (4. japonica Nakai), respectively. Mean values with capital letters
for the same temperature and small letters for the same extraction time are significantly different (P<0.05).

25°Col A 5A17F &4 tpolobil &7K(56.5 ng/100 mL)2}
H] 528k 2ol o 60°Col A 1417 =5 to]obal g
2(62.1 pg/100 mL)HthE e =30tk (Fig. 4A).
SkH ARP "5 BSME M 2% Z7oA F&3 A7)
60°CollM = FF 27 1A3F 5 Fuolopdl FEF9]
94%¢° 3llgsh= 1,188.5 ng/100 mLe] velolale] &=
=, o] 25°C9F 100°Coll A 1A B¢ 59 g
Hlate] 72zt 4,986} 240 =& FF =
S5AIZE Bt Al Wb veRA] ekokth(Fig. 4B). &
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Fig. 5. Changes in folic acid content of water extracts from BSG (A) and BSM (B) of pilsner manufacture. BSG and BSM indicate
brewer’s spent grain (malt and germinated rice) and material (4. japonica Nakai), respectively. Mean values with capital letters
for the same temperature and small letters for the same extraction time are significantly different (P<0.05). NS: not significant.
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Fig. 6. Changes in total phenolic content of water extracts from BSG (A) and BSM (B) of pilsner manufacture. BSG and BSM
indicate brewer’s spent grain (malt and germinated rice) and material (4. japonica Nakai), respectively. Mean values with capital
letters for the same temperature and small letters for the same extraction time are significantly different (P<0.05).
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letters for the same temperature and small letters for the same extraction time are significantly different (P<0.05).
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