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The Extraction of Green Tea Components by the Rapid Increasing-decreasing
Pressure Method and Antioxidative Activity and Stability of the Extracts

YASUDA Midori*', NAKATA Keiko*', OHSHIRO Ayumi*), YAMAUCHI Ryoko™
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* 2 Department of Children’s Studies, Nishikyushu University, 3-18-15 Kamizono, Saga-shi, Saga 840-0806
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* 4 Weko Inc., 1264 Kamikitajima, Chikugo-shi, Fukuoka 833-0033
* 5 lizkka Research and Dvelopment Organization, 680-41 Kawazu, lizuka-shi, Fukuoka 820-8517

To establish an efficient extraction method for functional components from food materials, we
developed a piece of equipment for increasing-decreasing pressure extractions, which utilizes the
pressure difference caused by a flow of water. We extracted the functional components of green tea
using this equipment. As a result, catechins, caffeine, amino acids, chlorophyll, and a-tocopherol were
efficiently extracted from green tea at a room temperature (20~25C) in a short time (15 min). In
addition, significant antioxidant activity attributed to the green tea extracts was confirmed, which the
ethanol concentration was more than 60 % (v/v). Although the concentration of chlorophyll decreased
after storage for three months, the concentrations of the catechins, caffeine, and amino acids did not
change significantly upon storage. Therefore, even though there was an issue regarding the retention
of color owing to the decrease in chlorophyll, this method is suitable for the extraction and storage of
functional components from food materials.
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HIZZ  OEIBEEYED D 5 2 E MG IR TWw 57,
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DY, KEIELETNTVWBEY IVEE & D ITRHE
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HAH Y, ERIOBEIZORNE Z EPHER SN,
BIRZRTF 7= U220 TIE, VT v 7 AR
BB SR TWDY 2aua7 4 Vi, fERh kit
FRTIRBEEOBE TRIFOMEIZEELTVwb, 20
XL, RITEEFNTVEHDIE, MO 2RXBLU3
KIEHRIZB G5 20 03% <, TNHZHMIHES 2
HEFRD SNTW5b,

WE, RO BRIMINED B TH 5 23,
hTF L OBAR G Y, T BEL S, F
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HELBZELMEE o TWEY, BIZKBZERERC
721, KR TOMB LHAASNTWDEH, AR O
HHCRER 252000, 2RI EE AL TWBY,
BT, BEFRAMEEEHCT, A7 F o
H2, Bih 724 P hERRAOLNTVDE OO0, %
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o TR E AT 2HEBUCEHL, KiKicko
THENEEZSSICKREL T2 L TR O BRI %
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HAr CIHMKIR Ao R OB RETH 5 720,
BRI BT 5 M2 b2 Ebhd, S o mmE %
P ad - KRR O BLEATREIC 2 5 L HIfF s
TWwb, R TIE, BFEERES oMM EOM % H
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UL R B, 2, 2°- 7V /KR (3-
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Diagnostics), “XNVFAF YV ZWEEA Y v 4 FDOBHE T
¥), 1, 1-V7z2z=0V-2¥ 2 ) Ve FI I
(DPPH) (FIYGAiZET2), 7t L4 v F M) T A4
¥ (SIGMA-ALDRICH), 2, 2'-7VEZR (2-XF)
Juvt 7Y r) ZHEEE (AAPH) (ALDRICH),
SOD Assay Kit-WST (S311, RAZALZBEZERT) %2 Hw
Too T2, HMEYHE LT () -6- FaF -
2, 5, 7, 8F I AF LT /-2-H VKV
(huwy 2z A) (SIGMA) #fEH L7z, Zofh—f#kik
i, ADCHEE TEORMAEEZ H vz, K,
MILLI-Q Labo (MILLIPORE) X 0 fE#LL 72,

2. mMHEE

4, B L7-REIE, A, RRES, HRA
7, BRSO 4T, FEFICHMEERE 25T,
COEEIL, WP OET) % 2EICIEET 52 &
WCE DAL L2HBYHNORBNEDZZIGEH LD O
Thbd, Thbbh, BANMEIC XD MAIEEEZRK
KR, BHICRET S 2 EI2X ) IERS Z S
b0 BB, BHEMEITIEIEERK 2 BRI ICEHR S TE
CABmEIANVF—2FHLTVE"Y, OB
#Fig. lIR 7, MHAESR EERAR I, £100mm, &
X100mmD FIR TR F 2 — 7LV BIF-TH D,
ZOMICEBAVPEE SN TWD, RERASRNICIE, &%
BY Y TNBAo 2R OMIROELE (90mm) % 7R
L7z BIEE, EERAZICAN, BRI THIRAE

G
Fig. 1 The principle of the osmotic pressure -style
extraction method

A) pressure gauge, B) electromagnetic valve, C) circulation

extraction vessel, E) meshed vessel, F) sample

(green tea), G)

vessel, D)
circulation pump
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Table 1 Content of compounds in green tea leaves
Catechins (g/100g) Caffeine a-Toc
EC EGC ECG EGCG total (g/100g)  (mg/100g)
0.6 2.6 1.4 9.0 13.6 1.3 36.9
Amino acids (g/100g)
Asp Ser Glu Gln Arg The total
0.3 0.1 0.3 0.1 0.2 1.5 2.5

WCED AL XL IIC L, 2, MBREZ -EICT 5
OOREIT Y bO—F—, BHEBRETRET L7200
HEKBEBIUOEEATNAEARBEORE L. 2B,
W o J7132.2MPa& L, iR SR (20~
25C) THho720

F 72, ORI, P44 AR AL R B A
WCTHESE, MLEINHRTHo T2 TOEELELTD
B4 m & Table 1 12773, JHNCIE, BEESLH2D I
RER160g= i L 72,

3. BRSPS DHPLCSOR
ATFFVEBEIOA T 24 YOG, IHOS57IC X
Ll EEBEICZ L, W T 2%, Develosil ODS-HG
=5 (¢4.6mm x 150mm, ¥F bZ) 2K % HH 2
Bt LT H W 720 WEEWIZ, AW (0.085% Y ¥ MR K
W) BLXUBH A : 7 bF=FUN=3":2v/v)
W, SATBRERE 5105 F TA:B=80:20 (v/v)
EL, 400ICA:B=36:64 (v/v) %5 X ICHEMH
IV REELZ. 4055H 5555 F TIZA:B=
25 :75(v/v) & L7z0 0Mi5efhid, BBt E 1 né/min,
71T ARE40C, TEARL0x , BRIHEREUV230nmTd
572

7 I JBOSMIFE, AceQ + Tagik®l2 TIT - 720 Tl
W1 AceQ - TagiB SR LiIESF v b (Waters)
VT, KD XHIATo 720 XA TIVICRK20ul %
AN, FEARAL AR A 600l , FHEARILRIE20u F
WML 720 Sha#ssg, 15MEEL, 55CIleTl05
BIR L 720 HPLCAHME, BEHR™ & FBEICHT - 720

raaz4 i, zaa 74 VED) LEEIIRLS
C&ENRTWBZaa7 4 v-a%2HPLCIZ & 0 43413 %
LXKk, HHSEMIE, H T 2 CAPCELL
PAK C18 MGI (#4.6%250mm, &HEH), HEkik
AF ) =), h T ARE 40T, EAR 106, i
# 1 mé¢/min, ¥H D UV-Vis 430nm& L7z,
a-ha7za—n (LLF, eToc) &, BEHICH#EL
THM AT - 720

4. BEHEBRORELIEMEM

AR o LR LG & LT, ABTSEEB X O°
DPPHIEIC & D T ¥ WIHZEGYE, ORACHEEIC X DG Hk
RN AE, S BHICWST- 1S D A== F F T F
THHRIG M 2 574l U 72 ABTS - DPPHIZ, BEd & M

W72 72" Thbb, 3 Ma—VEE (7
W) A A% 0 TVEROPOLE L W E (99
HVHE) B (%) 2HBL, BREMHBEOICHE (50%
FHERE 5.2 24 2 T VIRE) &Rz, kI, Mk
WHEIMEO Y 7 ADICEZ KD, baa vy 7 ZADICs
il % AR R DOICE TR 5 2 L2 L 0, &I
W baway 7 286G (TEACH) %KH7z,
ORACH: X, X Tu—7TH 548nM7 IV F L A
VEW1.8meE Fu Ty 7 A FEAE 3000 DR
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R, 37C 403 MEDGHREEM &  (Bhite485nm,
JE520nm) #4772 MR, HARGEH B0
31 (Jasco FW-6500) ZHw7z, MIEHREON/- oD
v 7 ARG & AN O i # T i 2% (net AUC)
R, buny s ZREICH LTIy bTHI LI
X OMREMEER L. H T, fodmbiiclons:
net AUCHE%Z baay 7 AMEMRICRAT S I LICX
D, I OMIFORACH Z TEACHE E LTHIL
720

WST-1 #:1%, B & FARICIT - 72", Ao
A=N—FF ¥ FHEREZHEM L, ICMEZ KDz, &
B, A—=3—FF T FEENEEZ, WSTEICBITS,2
=y bDOEFK [WSTEITLD50%MEZ /R V>~ FIViE
W20u 12 & TN AHSODE%E 1 AL (U) &35 123D
WTHEH L7,

5. BEHEROREFELR

FRZE I O R RETIE, £%320g%100% =%
—)V 5 21T T305 MM L2 s v, 20% %
—IVIBEEIC R B X ) KISTHMLU 720 Z ORISR %
WL TA4TCIZTL, 2, 3HMREL, R
HOERG DG 21T o720 B, BIEMBEOLHTD
A, R (CM3500d, 2 =43 /7 v%) ZH0w
T, a* b*OWWEEITV, MM (@*/b*) *HMTS
ZEIZLDIWE L7,

BRBSLUEE

1. BERPOHMEICRIEF THESEORE
WMHBEEE LCHW 2y ) — VKRB RP O Y ) —

VOWERERZEZ TS5 oM 27w, 2ot ok
IR DYEEEZ T2 20, 40, 60, 80, 100% D T ¥
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Table 2 Effect of ethanol concentration on content of compounds in green tea extracts by the rapid increasing-

decreasing pressure method

Ethanol Catechins (mg/100m¢) Caffeine Amino acids (mg/100m¢) Chlorophyll a-Toc
(%) EC EGC ECG EGCG total (m/1000) Asp Ser Glu Gln Arg The total (¢g/100mé)  (ug/100me)
20 96 567 113 406 118 22.0 49 14 39 20 17 242 380 5 15
40 89 658 127 894 177 35.1 75 25 57 28 24 329 539 33 31
60 52 618 143 105 187 33.0 55 18 43 22 18 267 422 90 27
80 52 480 160 932 162 26.1 44 14 36 19 15 252 379 1,330 216
100 40 205 113 444 802 14.2 06 04 10 06 03 110 139 2,830 316

Extraction conditions were as follows: amount of green tea; 160g, amount of solvent; 5¢, extraction pressure; 2.2 MPa,

extraction temperature; 20~25C and extraction time; 5min.

J = VK R TR 2 AT o 72 B0 h 7 F ~
MW, 724y, TIJWE, yun74, o-h37
T H—IVOEE % Table 2 [R" T, 3, RIS
BT E VB, 60%T % ) — VKB THIME LA
KRBV el oTze EBIC, B TF VHORT
IZEGC, EGCGASECG, ECICHRTEL L i s hTwb
ZEHNH L NI 572 ECREGCIIAKICEHE TR T WL
Bz, ¥ 7= VBEEORWERTE it shiz,
Bz 1, EC, EGCIZ100% =% J — VKA & V) 20% =
5 ) —VKERDIZ ) BENEN2.4, 2.8f5% i s
N7 —F, ECGREGCGIZ Fuf v %A L, ECR
EGCX D bBAKMTH B0, 20%L% 7/ —NL X1}
60%°80% L% J — VKEHIZ L Kl s hizeEzoh
Bo LA L, 100%xL% ) — VK TIZECGREGCGD
HHESRDEL R 0L Ebhds, EBIZIIRD
BT VIBEMEVEERE o7,

I/, 724 V20T, 40BXU60% LY J —
WK TR L2235 Ao B E V£ o7z,
H 7 A VIZHKEOWETH 5%, 1000615 J —
W TIZ40B L U60% T 7 7 — VIRIEHE DR 4 E) L Al
HEhTwhrois,

TI/BIIOWTE, FTZUFTRTOT I JBO
60~70% L b L SN, RIZ, TANTF U,
TIVEIVBTHoTle TI/ERICDOWVWTH100% T ¥
J —IVEETIE, MBI R T25~37% L i &
NTWhhozd, TOMOBHETIEID ) KE LLE1L
I ho 7z,

BWILOWIZX B &, —F/ 3 g%2200méDKIZT 2 55
M L7234, EC EGC, ECG, EGCG, 77 =¥, #
7 x4 oM EIXE RN E RN 20CT
2.0, 8.1, 0.5, 2.1, 7.7, 3.5mg/100mé, 90C T
9.1, 37.3, 5.1, 37.7, 21.6, 23.9mg/100méTH - 72,
AREBFRTIE, KITHTE2REORDPWILS YO HTELY
R 22wy, IhaEELTH, REEZAV7240%
IF ) — VKB TOMBTIE, WILSYD20C ToOH
Wizl ~X<C, EC, EGC, ECG, EGCG, 77 =V, %
FEriFFEhZFR2.2, 4.1, 12.7, 21.3, 2.1, 5.0f% &

otz KRS, BUKMEOEWEGE L TWwS S
Ebirol, 2, WCOLHFLERDETFTT =V
H7 2 A PR DDA T F VRSO R A
HMENTW, TOXHIT, KETIE, KETHOCE
DM AT Z 5 2 EAVRIRE Lz,

LRk X912, 100 % 7 — Vs oM T,
BRETORTHAT X VHE, 74>, TIJBEE
OHMHBEIT TN HBENZ DB SN o7, TOH
HiZ, RX¥EFOF T EPEEL, WL ko701
REDTHIED ST, A SNz7zoTidRv
MR E Nz FEBE, 100% % ) — VB Tlx, A
HBICEEITHITHOTOWREWZ E R INTED,
REOH X EGIMBRICERREREL2525050k
E S AY (WA

—%, B chbrua s 4 i, 20~60%L ¥
J = VKB TIE 5 ~90ug/100me & 12 & A LI S e
Mo 2h%, 80, 1006 % /) — VIEE TIEZFNEFh
1,330, 2,8304g/100mé & HliHE DR IMAFED H7ze a-
a7 20— VT ORI N, 10015
J — VIETRIZ20% T % ) — VKT D #2108 & B 7%
MHEOM KRR IN, 7007 4 VRe-+ 27 =
O—vid, BKEOBCYETH 5720, FEFBHWT
WERWEEIZS —ZEOMHAREThH oL EZ BN,
2. BERSOHBICRIFTHEEROEE

KA O RS TSR RER (5, 10, 154))
DB ETable 32T &7z, 4B, REBRTIIHEAME
A HBUKYE F CIRIL < RIS S 2 il § 5 2 &
ZHMELT, =¥ /7 —ViEEZ60, 80, 100%IZi%E
L7ze F72, Lo BYEIZY ) — ViRESEMNT, &
BEORMIPBEENT2Z ENS, SHFDEDOKTEE
RIEF B ERETEAT S 2 LI L ) s otk
LB RAMTz, TORR, WEROBKEOB AT F >,
73BT, HHER 5 ~154 ToMEOEWITIE
LALBIZ I N Do Tz RIS 7 =4 VTl
B OEBIRD SN Eh oz, TS DILEWOHITIZ
MLTIE, EARMctHEVHEISONLTEBY, 72
B ORI RTINS ozl e 5, 5otk
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Table 3 Effect of ethanol concentration and extraction time on content of compounds in green tea extracts after

adding a small amount of water

Ethanol Extraction Caffeine (mg/100mé) Caffeine Amino acids (mg/100m¢) Chlorophyll  a-Toc
(%) time (min) EC EGC ECG EGCG total m/100m8) Asp Ser Glu Gln Arg The total (#8/100mé) (ug/100me)
5 60 637 122 640 146 872 105 45 79 41 38 506 8L3 60 6.9
60 10 67 687 162 714 163 945 137 58 102 54 45 670 107 440 85
15 62 615 137 668 148 842 120 51 89 48 41 575 924 490 87
5 61 595 124 626 141 870 97 49 79 43 33 567 868 4510 145
80 10 47 404 119 560 113 565 59 32 54 32 25 364 567 5340 186
15 72 653 165 683 157 966 85 45 72 42 32 573 848 9,930 643
5 47 341 112 478 978 592 20 22 26 15 16 292 392 9500 445
100 10 38 273 76 368 755 453 30 19 27 18 19 281 394 7230 644
15 44 327 96 484 951 509 32 21 30 18 29 318 448 8690 743

Extraction conditions were as follows: amount of green tea; 160g, amount of solvent; 5¢,

extraction temperature; 20~25C.

MTtHaThsr L HBsniz, —F, zuu7 4 )ivia-
P77z a— )V TR R O A E BN R
Brhoie 7unu7 4 id, 60%T¥ ) — VKB T
B o EETHIFEALHBE ISR o 2
B, 80% L% J — VKB IR & i mm 7
4OV OFEFEFBEF IR L, 155 ER I 5 4 B
D LL_E D9, 9304g/100me DEAE: S 7zo 100% T %
J = IVIETIE, 5o MoMMBRRT39,5004g/100md
OEHFELN, EOHOIMBREROINIIFED SN ho
2o TOZEIF, 100%T% ) — VIR EHHT LI L
W&, saa 7o VoRREEINATETHL I L E
RBLTWDS, a- b2 720 —VTIX, 60%L% ) —
KRB TIIIMBAHEETH Y, R OEE b RFIX
B o 12, 80%8B L U100% ¥ J — VB TIX,
MR 3E1Ce- P27 2 O — VBREEAE KT 5 2 & 2T
LW o7z HFIZ, 80%T% ) — VB TIE, 54T
FIREAEHHB SN2 oD L, 10, 15545 T

12
B 5min
% 101 O 10min
§ 8t O 15min
6 I
E
e 4
=
o 2 F
g
0 DIl Dl
80 100
Ethanol (%)
(a)

extraction pressure; 2.2 MPa and

X, 5ADEEOZFNENNIS, 4455 CHils s Z
ERHB L7, 100005 J — VBl E H W26 12
&, 55T 445ug/100me DI ST RETDH Y, 15
5 1 4 1B 1213743 ug/100me (3 A S o i SR Y
63%) L\ EWIIHSRI S SNz, SO X H IS, B
KEDEMEEY (e-ba7zu—), zaua74l)
IZoWTIE, BTy /= VEMETTE DI EOHMEA
BB TH D Z EHRBENT,

3. BRE R OMERLIE M T

G2 28 2 TR L 7 B2 N o PR L e
%, TTABTSE L UDPPHEIC X VR L7z =%/
— ViR %60, 80, 100% (v/v), HhHiEM%Z 5, 10, 15
GRIZEE LT &2 47 5 72856 O F A4S o ABTS,
DPPHIGE M #Fig. 2IC /R L72s T3, i % 7 —
VIREZ LIZA D L, RN IZABTSHE: L DPPH
ECHPLTEBY, 8028 L1007 /) — VB %
H7z8d, RROERICN S BBIXIZ L A LHR I

1) B

12
B5min
g 10} - ©10min
58t ?? o G15min
ERRE
a4
&
on L
0 2
0 i s i
60 80 100
Ethanol (%)
(b)

Fig. 2 Effect of ethanol concentration and extraction time on antioxidant activity of green tea extracts

a) ABTS method, b) DPPH method
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LTlrolzbDD, 60%ITF ) — VKEE TIZEHOERE
AW PUE LG PE o W ) 25520 & Ntz BRI,
ABTSIEMETIE60% 1. 7 J — VKT % JH 7235612l
W HOEENEFEICHN IR L o720 Thbb,
ABTSIEME T AL IRE ] 5 43 [H T136.44+0.16 (mg TE/
mé-sample) T&H - 723G AT, 155 FIHHH TlE9. 39 +0. 67
(mg TE/m¢-sample) ¥ TEH L, TEACMET2.95 (mg TE
/mé-sample) DNNASEILE S N7z, DPPHIHM: T 3 Ak
OfEPNIERE S N2A8, FoRfbRIZ/NE <, TEACH
T1.26 (mg TE/mé-sample) FEEEDIEN L AR S Lz
o 7zo DPPH: & ABTSHENE, koMl (—%&
FEERBIR) 123K T VA NMHEEEENEETH Y,
FOL2EEER 2 RS EEZBNTWSD, Bizbid
AT A= NVEEEE AT HPRIEWIC B v TABTSH: &
DPPHIE T RBIRE S — B2 5 2 L 2 MG LT
WY, R TIZBWTY, EC, ECGR ED A
TaA—NVHEEER BT ALEMSEENTEY, Thb—
HOLEMORBEIZL Y, ABTSH: & DPPHE TOIGME
HBHBEOEPECD DL HES L 72,

%\ T, ORACH:, WST-1#:%&MM2 T, Ay

DOPRALTEEIC KA T8 ) — VIR OB 2 Wit L7z,

R 1550128 LTl 247 o 72356 o SR
W D ABTS, DPPH, ORACH:, WST-1#ED M
FAZTHH Ty J — VIREOREZFig. 30 F L O TR
L7z BIUIRLZZEHIC, MEHEDOENIZLY) LY J —
VIREORBEOECTEEZEIIHNLHERE & 572
ABTS & DPPH#: TIHPL L 72 MH H) 2538 5 7z DIk
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Fig. 3 Antioxidant activity of green tea extracts by four different assay methods;

a) ABTS, b)DPPH, ¢)ORAC, d) WST-1
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Table 4 Change in content of compounds in green tea extracts during the storage

Stotri?ng: Catechins (mg/100m)  Caffeine Amino acids (mg/100mé) Chlorophyll  @-Toc Color difference

(month) EC EGC ECG EGCG total (9/1000) Asp Ser Glu Gln Arg The total (48/100mé) (ug/100m) a*  p*  a*/p*
0 28 138 50 365 582 109 29 09 25 14 09 200 287 216 280 -26 359 -—0073
1 29 177 80 398 684 116 17 06 15 09 06 134 187 43 382  -29 535 -—0.055
2 37 170 39 353 599 116 19 06 16 09 06 135 192 - 453  —16 400 -0.040
3 46 209 125 431 809 137 18 06 16 09 06 141 198 - 764  -12 526 -—0023

The extraction conditions were as follows: amount of green tea; 320g, solvent; 100% ethanol, amount of solvent; 5¢,

extraction pressure; 2.2 MPa, extraction temperature; 20~25C and extraction time;

30 min. Green tea extract was diluted to

20% ethanol for the storage. The storage was performed in the dark at 4TC.
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Measurement of Specific Heat Using Twin Isoperibol Calorimeters
and Estimation of the Effective Thermal Diffusivity of Wheat Flour

MURAMATSU Yoshiki*'*, SAKAGUCHI Elichiro*', KAWAKAMI Shotaro™*'

and TAGAWA Akio*

* 1 Facuty of Regional Environment Science, Tokyo University of Agriculture,
1-1-1, Sakuragaoka, Setagaya-ku, Tokyo 156-8502
* 2 Kagoshima—-Osumi Food Technology Development Center, 4938, Hosoyamada,
Kushra-cho, Kanoya-shi, Kagoshima 893-1601

The specific heat of wheat flour was measured at four different moisture contents (9~18%) and
five different temperatures (10~50T), using twin isoperibol calorimeters. This type of calorimeter is
suitable for specific heat measurements of liquids. In this study, wheat flour samples were added to
water, and the specific heat of each sample suspension was determined at each measurement
condition. An additive relationship exists between the specific heat of a food material, its composition,
and the specific heat of each component. The specific heat of the sample (wheat flour) was
determined from the specific heat of the sample suspension using the additive property of specific
heats. Furthermore, the effective thermal diffusivity of the sample (wheat flour) packed bed was
estimated by substituting the literature data of effective thermal conductivity, the measured data of
specific heat of the sample, and the bulk density of sample packed bed. The effects of moisture
content, temperature, and bulk density on these thermophysical properties of the sample were
investigated, and we proposed predictive models for these properties.

(Received Mar. 11, 2015 ; Accepted Jul. 8, 2015)

Key words : wheat flour, specific heat, effeativthernal diffusivity, twin isoperibol calorimeters, predictive model
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The specific heat measured at four different

The solid line shows the value calculated from equation (8).
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The solid line shows the value calculated from equation (15).
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Table 1
equation (15)

Values of the parameters and root mean squared error (RMSE) of

Bulk Density (kgm™)

Parameter
436 500 600 700
a (m’s™? %' T 259%x107" 454%x107" 446%x107" 358x107"
b, (m*s™ %) -1.02x107"° —-119x107" —290%x107" 1.33x107"
¢ mst T 280%x107" —129x107" —1.63x107° —1.80%x107"
d: (m’s™) 6.69x107° 6.72%x107° 7.38%10°° 6.67x107°
RMSE (m’*™) 145%x107° 1.69%x107° 1.78xX107° 152%x107°

BEIZBI AKX (15) ©/8F A —% B L URMSEDH %
Table 1 IZ2/R ¥,

FEIE G O BRI L MR TG O BILHEE D » %
EOMEE L TRINLGIENRTFHNENL, ZD20,
P EBE LR OBILER E OBRE BKG DO BIREIC
L THRTe, ZORR, HEOMIHEREN I BED
— KA F IR TEEND I EARENT 2D, &
KGDEMMEIZB T 2 B OBIHEEZ, UToX
(16) & 7) WKCwAZERELHEHLTCELZLD T
D7z,

@ = @0  F Dy0HCs e (16)
a~GlLEH

=@ Fhy e 17)
a, bidEH

WINOR D BILFE L SEEOMKRE LT E 722,
RMSEDfEi, X (16) Tix2.54x10"~2.41x10" (m’
s, X 17) T 133.54x10"~3.53x10" (m's™) &
Y, WETF—7Lo#EAMEIR, X 16) KR
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Fig. 4 Relationships between the effective thermal

diffusivity and the bulk density at five different
temperatures of wheat flour (moisture content: 12%)

The solid line shows the values calculated from equation (16).
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Table 2 Values of the parameters and root mean squared error (RMSE) of equation (16)
5 a bs G RMSE
MC (%) Temp. (C) (m® s kg™?) (m° s' kg™) (m* s (m* s7")
9 10 -137x107" 1.66x107" 212%10°" 1.59x107°
20 -116x107" 147%x107" 295%107* 1.97%x107°
30 —1.94%107" 226x107"° 1.26x107° 8.03x107"
40 —-9.77x10™" 1.25x107" 413x10°° 841X107"°
50 —7.73x107" 9.69x107" 5.22%107° 6.05x107"
12 10 —-1.02x107" 1.36xX107" 2.81x107° 456x107"°
20 —741%107" 1.03x 107" 414x10°° 5.88% 107"
30 —-205x107" 3.98x107" 6.30x10°* 3.20%x10°"
40 —-111x107" 1.49x107" 3.33%x10°° 1.02x107"
50 —-115%107" 1.67x107" 2.88x107* 4.09x107"
15 10 -1.83%107" 2.35X107" 1.53x10°° 435x107"
20 —-1.61x107" 2.14%x107" 8221077 254x107"
30 —-3.06x107" 377x107" —-286x%107" 496x107"°
40 —154x107" 200x107" 2.60x107° 2.92Xx107"
50 —338x107" 425X107" —348%x107" 1.05%x107°
18 10 —154x107" 1.98x107" 1.28X107° 7.62x107"
20 -1.23x10°" 1.56% 107" 3.09% 107 6.22%107"
30 —1.87x107" 231107 1.62%x107° 5.56% 107"
40 —476%107" 5.63x107" —6.95%107* 249%107"
50 —2.88x10°" 3.65x107"° —140%x10°° 241x107°
£® 5 Qw DK L7z #w (k)
DB (m' s S R TURAN
0 D ESHE (kg mD) s B O K
a cEH k] kg' T %) T DimBEE (T)
& EB (ms' % T Tm DNy LR DR AR oW EAE (T)
& CER (m's ' kg ) Tw CROMEE FSHE (C)
a CEH (m' s kg ) Tmor w i /NER EKOBEEW, T 723KOME EF
by cEH k] kg' T %) i (C),
b, CER (m st %) Win DNER K DIRE TR O E R (kg)
b, CER (m' s kg ) Win - com = /MRy EAKRDRGEROBAER (k] T
by CEH (ms?) Ws hEmOERE (kg)
c CEH k] kg' T Ws - cps - hEBOBERE (k] T
C: CER (m' st CH) Wy a7 o ER (ke
G DEE (m's)) W ey - T2 —EroRITFRER (k] T
Com DNER ERDBEEHOLE (k] kg T DkoE R (kg)
Cps N OB (k] kg' T Wi * Cow © KDBZR (k] C)
Cpv AT RN E k] kg T Xy DEEA LGRS (WV)
Cpw RO (k] kg T Yi CWE (k] kg T
d cER k] kg' T
d- CEH (ms?) X ®|
Hv SHERETO 1 CoBGEES (v TH) 1) HARBMVE AW @ sty 7y 7 (FEE
k DEMAEE Wm' T H, H50), pp.514~535 (2008)
M SR (%) 2) KTM— @ BamEoRE @I, S8,
n TR H50), pp.58~73 (1996)
Q DK, BRUOVNEH LOKDREHEWITARE L 72 3) Saravacos, G. D. and MarouLss, Z. B.: Thermal

# (k])

DNy ERDBREE W L2 (k])

conductivity and diffusivity of foods,In Transport
properties of foods (Marcel Dekker Inc.,New
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York), pp.269~358 (2001)

4) SingH, R. P.: Heating and cooling processes for
foods, In Herpman, D. R. and Lunxp D. B. (Eds.),
Handbook of food engineering (Marcel Dekker
Inc, New York), pp.247~276 (1992)

5) MRS - HINEE - SHFIE - KRR - REIE
® MR OAMBURES, R 64 (1), 70~76
(2002)

6 ) Kazarian, E. A. and Harr, C. W.: Thermal
properties of grain, Trans. ASAE 8 (1), 33~37
(1965)

7) NH M- HINES - AEEA D DSCIZ X 280
He#llsg, EP%EE, 46 (6), 547~554 (1987)

8 ) KarLetunc, G. : Prediction of specific heat of
cereal flours: A quantitative empirical correlation,
J. Food Eng, 82 (4), 589~594 (2007)

9) FEIEN @ AT O R & MBI~ O IRH
CRECBTEGE £ > % —, B0, pp.17~54 (2002)

10) AR RA - BHIEZS - AHFIE - B L - WEIE
#FoU) IRt oY, HARTEL 47 (7), 548

~550 (2000)

1) MEER © TEOBREICE T H0198, RERM
Fepriy B - A, 33, 1~54 (1982)

M. S. and Al-Sami, G. S.: Thermal
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prediction. In Rahman M. S. (Eds.), Food
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pp. 649~695 (2009)

13) AH - ENBHCL B OB EOWE, LR
BEEE, 47 (1/2), 93~99 (1993)

14) Magee, T. R. A. : Measurement of
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Development and Quality Analysis of Fermented Butter-like Food Prepared Using

Gamma Aminobutyric Acid (GABA)-Producing Lactic Acid Bacterium

TANAKA Tomohiro*"*?, KOIZUMI Ryosuke*', IRISAWA Tomohiro™*',
TERASHIMA Teruya®, TADA Kotaro*'® and SUZUKI Toshiro*'

* 1 Department of Agriculture, Tokyo University of Agriculture,
1737 Funako,Atsugi-shi,Kanagawa 243-0405
* 2  Tokyo Resach Laboratory, SUNDIA Co.,Ltd., 2-35-3 Eitai,Kohtoh-ku,Tokyo 135-0034

* 3 Toyama Prefectual Food Research InstituB50 Yoshioka, Toyama-shi,Toyama 939-8153

In this study, the gamma-aminobutyric acid (GABA)-producing Lactobacillus buchneri1001 strain,
isolated from kaburazushi (a regional specialty food of Japan’'s Toyama Prefecture consisting of pickled
fish, rice, and turnip), was employed to prepare fermented butter-like food. GABA was effectively
produced during fermentation by inoculating sodium glutamate-containing fresh cream with L. buchneri
1001 together with Lactobacillus bulgaricusand Streptococcus thermophilusFurthermore, using freeze-
drying instead of the churning process traditionally used after fermentation resulted in the production
of fermented butter-like food with high GABA content, as well as a greater amount of protein and
carbohydrates. The resulting fermented butterlike food met compositional standards, and its
organoleptic characteristics were found to be as good as those of commercially available products.

(Received Jun. 15, 2015 ; Accepted Jul. 22, 2015)

Key words : butter, lactic acid bacterium, fermentation, GABA
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2Rk o7z LSXOpHIZFERE 1 HEEI124. 36K & L
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%0 3SHETIEE/KTL, 1001X X0 BRI T
RO bz, FLEE S 1001 X HARBEE 2N A 5,
%W 1 H #£13270mg/100g, 6E# 3 H # 12 1£860mg/100g
WELL, 202 S, GABAAELEEH L. buchneri
10011%, FEEEFLELE 2 &2 & < W S 2 BT FLER
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TOESWIZIZ SN TV, FLEEIZO W TIZLSX
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gk oi,
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5~ 7I1ZR L7z &RERIX & S ICBBMIRRED 7V &
I VEBREILRINEICHYSY T 520mMBEE R L7z, L.
buchneril001? & % #:HE L 721001X1%, ZE1 H&EH» S
GABADH RN RO bh, FEE3 HiZIZIZwmL 727 v
¥ IVEBRONIIRE ML, H12mMOGABAZ AR L
72 LAL, Fo—= U7k 9Ny — 3 V7 &8k

L7t DGABARIZM2.56mME 2 ), FL WA L7,

—F, BAEHERE H W2 5E8 OGABARIZH22mM & &
WEE IR L7z LA L, F8B% 3 HER U TGABANE R
ENLholzZ Ny I VL% L, BREIERZITH20
mM¥EAE L72o GABAZAKILMEH % Hf L TR WwLSIX
2oV Tid, FEMZ#E L CGABADARIZZED 1L
3, BUHTEIER S GABAIIMH 8 7 2> - 72, L. buchneri
1001 & L. bulgaricus TT1, S. thermophilusTT2 % & &
HfE L 72LS1001 X 1d, 1001 & MARICHEE 1 HE» S
GABAD AR tm FE% 3 H#ZIZIX1001X 2 K &
< kIl % #19mMIZ , WML vy I VRO
%%%GA&%JﬁmLK@Lﬁmnﬁf%fﬂh——/ﬁ
BEHOSEEDOGABARIZI001IX & FARIZE L < WA
L, #2.8mM& 7% o 7%, Bz Z Hwz3b 0ldf
38mM & 72 0, 1001XK D1, 7R DGABAZ &4 L 720 LS
10011X £ 1001 X TGABAA B w12 = A U7z D i,

GABAERIAME IZIpHOE T LARET TV 3 ¥
W& FH LGABAZ A 270w, RifgecHWw
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bulgaricus, S. thermophil&{RAEL, pHAYKE KT L
72LS1001[X 13 % < DGABAZ A L 72D 2% L, L.
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T A B RE AV 72, L. buchneril0010 A& % 35 L 72
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bOLEZ SN, FEORETLSIX L LS1001X D5
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B L-DDLH#EREIN, FEL VIR MA CldpH
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133.5% 1\ 286. 9%, KAILWIZBAZ IR 5. 7% %R L
720 STAUIBUREEIE TIIKG DA L A & 53 LR
ENDLZENS, Fr—o v FETRENY — IV HEH
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A~ A TR N —
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K55 (%) 0.3 0.4 0.5
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®2 HRERN Y —B L OB TRllE L 7-GABAGH RN & — kil (LS1001X) OF el

ft ) (mpi3bs iy [N
iR N 5 —  (EE) 3.1+1.28 3.4*1.26 3.3%¥0.82 3.6*1.05 3.1=1.19
TR N 5 — (LFE) 3.3x1.41 3.6x1.07 4.1x1.10 2.9+1.37 3.5+1.26
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o7z %P, MEEFIHICLEZRGABABIR X910
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FERERIAERDON Y —BERTH D F v —= v 7 Ob
DSBS A2 212X ), GABAGAEENEL, ¥
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