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Sugar Composition of Water-soluble Dietary Fiber Prepared from Baobab
(Adansonia digitata Fruit Pulp, and Evaluation of Glucose Tolerance in Rats

YONEZAWA Kayo*', TANIOKA Yuri*', ISHIDA Hiroshi*',
SHIMADA Tsuyoshi** and FURUSHO Tadasu*'®

* 1 Department of Nutrition, Junior College of Tokyo University of Agriculture,
1-1-1, Sakuragaoka, Setagaya-ku, Tokyo 156-8502
* 2 Ecology Health Labo Inc, 1-3-8 Nakamura-kita, Nerima-ku Tokyo 176-0023

In this study, soluble dietary fiber (SDF) prepared from baobab (Adansonia digitata fruit pulp
(BFP) was found to be composed of 82.9% acidic and 10.1% neutral sugar. When the methoxylated
content of BFP-SDF was assayed, the proportion of methoxylated galacturonic acid was found to be
14.1%. The effect of BFP-SDF on the regulation of blood glucose level was examined in vitro and in
vivo. BFP-SDF significantly reduced both glucose diffusion and permeation rates in cultured Caco-2cells.

In oral

glucose-tolerance tests conducted on Sprague-Dawley rats,

compared to control rats

administered 40% glucose solution, rats administered 40% glucose solution supplemented with 5% or
10% BFP-SDF showed significantly decreased postprandial blood glucose levels at 90 min and 120 min
after administration. These results suggest that inclusion of BFP-SDF in the diet has a hypoglycemic
effect in mammals, mainly due to a decrease in the diffusion of ingested glucose in the intestine.

(Received Jul. 30, 2015 ; Accepted Sep. 17, 2015)

Key words : Baobab (Adansonia digitata, soluble dietary fiber, sugar eoposition, hypoglycemic effect,

blood glucose
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1. EBREHS JOKBEMHEYEHEE S ORRGE

EEREHCIE, T30V —AL R T RKRIZBWTHA
L7z & 7V EBFP% fii il L 720 BFP® KK 4 MLk %
Table 1 ISR L7270 HHHIZZ 2T Y — AV R 5 KERAHS
RENCE DM 2 Bt LTS EE2 M L7z,
Wikt (DF) oE& & SDFHLHEY (BFP-SDF) @
i, BEOICH#E L T o2 ¥ — % —IZBFPE, Z
DIVBREDOMAKZIMZ, 7+ —F =322 T8T THI
L % A5 5605083 #, 5, 000rpm T4055 M 0 4 Bk % 4T
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b, EREDOABEOLY ) — L ENATEHPICH
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Table1 Composition of baobab fruit pulp
(g/100g dry weight)
Component Baobab fruit pulp

Moisture 8.8
Crude protein 1.6
Crude fat 1.0
Carbohydrate 84.6
Ash 4.0
Dietary fiber*

Soluble dietary fiber 30.6

Insoluble dietary fiber 11.0

*Dietary fiber was determined by a modification of the
enzymatic-gravimetric method of Prosky et al.: J. AOAC Int,
77 (3), 690~694 (1994)
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fEAL, WEix20C, IRE)T-IRENE M ENL30HZ2TIT - 720
BRI OB ISR B X OISO BE HEHh BE A 1F v W
(HA&Z ) — 2 #]S2000) % H 72,

(3) J)va— ZILEFEEIC K IF TBFP-SDFDHF
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7V 32— A 2. 5mé % FRR ISR 8% 5 L C IR i o 4
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Table 2 General and sugar composition of SDF prepared
from baobab fruit pulp

Component BFP-SDF (%)
Moisture 8.3
Acidic sugar 82.9
Neutral sugar 10.1
Methoxylated galacturonic acid 14.1
Ash 8.6

2. BFP-SDFKZRDIEE

BFP X ¥ i i} L 72BFP-SDF K ¥ 8 O % i o 25 1L %
Fig. IR L7z MKOME % 1. 0mPa-s& L7254, 1%
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Fig. 1 Relationship between BFP-SDF concentration and
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Fig. 2 Glucose diffusion rate across a 7-mm layer of BFP-

SDF solution
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SDF®D 7V a2 — AR %E#MHI343. 4% THY, a3~ +o
— WV ENRBEFIEKT LTz (P<0.01), F72, 1.0%
BFP-SDF® & #%:1342.9%CT& v, 0.5% BFP-SDF &
FFETH > 72,

5. ) 3—2&aMRER(IC & T 5BFP-SDFH M FEED
HRBICRIFTHE

SD% 9 v b IZBFP-SDF%5.0%® % \» 1310%%& &>
40% 27V 3 — A 2. 5mé % stomach tubelZ & Y #%5-1,
¥ 514305 o b i % M2 L7 (Fig.4). 5.0%BFP-
SDF# 58T, #5-BE2 5905 F THEAITR VD
DD, Zh A= AEEROAEBG Ut BB, i
PO LAz SN M zR L7z, —7, 10.0%
BFP-SDF#% 5-# T &, %5 B#H72 5605 % T, 5.0%
BFP-SDF#% 5-# & M 0] 2 7% L 72785, $5-#90%
TR IS AR TH RIS AME T (P<0.05) LT
Wi 51T, #5%120531 BT, 5.0%% 5Tl
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Fig. 3 Glucose transport-rate across Caco-2 cells after
addition of 0.5% or 1.0% BFP-SDF

% Significantly different from the control (p<0.01)
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Fig.4 Postprandial blood glucose levels after administration
of a single dose of BFP-SDF preparation in rats

Values represent mean =SE (n=28)

Asterisks indicate significant difference from the control
experiment at the each corresponding time point: *p<0.05,
*#p<0.01.

@ Control ; & 5% BFP-SDF ; Bl 10% BFP-SDF

110.0£2.4mg/d¢ (P<0.05), 10.0%¥%5-#Tix, 80.3
+5.3mg/d¢ (P<0.01) THDH, xfHHED126.6+4.0mg
/de & WEIBEE D BEZE AT 23R 57z,

z =
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k% H\wC, BFP-SDFEIUC X 2 KE o H, B
T OCEE, R I L AT 0 — VRO 5 2 P & 3
Ao AT — VRO ERZEOTVWE, 2D
25, BFPSDFEE I L AT U —VIMETFH D720
OREEEEME LTHHETRTH LI EZHLNE LT
W5Y, 4 HIEBFP-SDFOHEREMEICOWT S 512858
5Z L %HME LT, BFP-SDF®D KR, HF 2
B, BLOBRHICKITT RO W TR 21T - 72,
BFP-SDFIZ &, WERE»10.1%, va v (F5 2
vuasgE LT $82.9%% ETE Y, BFP-SDFD
EEFIERTIF o THLEWEEINT T2, X5 ) —
VEOUERFBEED LA P F I MLEZ B L2k 5
1314.1%THh o720 —RIZA M F I MELAT T 7V v
D542. 9%V EOLGEEIE A VRV (HM) 7 F >,
FNUTFTHNIEARNFIL (M) RZF U TH D
CEEFRINTVBEYZ RS, SHOFEEIC X ) BFP-
SDEDORZ F VIILMARZ F » Th b LRI S iz,
RIZT V3 — AW E RSB AT > 72 & T 5, BFP-
SDFIEEEDS 2 %12 BT 7V I — 2 O HEBL 4 3132120
5% TH21.2%TH ), BFP-SDF®D 7 )V I — Z L #H
EMEH AR L7z ARBFEE, = bokero— AR
FHOCYHAEROARE N L7V a2 — 20 BIE L
2bDTH DA, EERNIZBNTHEAL T ML
BFP-SDF2* 7 )V 2 — A Ok % #ifil§ % 2 & 2 PR S
HHREREEZOND, 51T, PMEENEZEE LR
FHMBL (Caco-2 MifE) 24 F 74 V7 =L LTHW
7235 #2417 % 2 ER 12 35 W TIZBFP-SDF#EE0. 5% 3\
THRIA3% DEBBITHEN A LN, X 0 BRI ELRNT
DBFP-SDFIZ X % 7 )V 2 — 2 OWIL L E % HELE 3 5 4&
HAURENT, TNHDin vitolZBIFT AR EZ D L1,
BFP-SDF S EBE OB I BT B EMRH I RIT T8
IZ2WT Ty bEHWTIZ IV — ZEAMREIT > 720 X
7 F A0TSR % S5 2R
HDHEVIREPHL L RENTWEYY, SRIOKTR
W, VI —ABWROAEZHRG L HERICH
~, 5.0%3 X '10%BFP-SDF % [l 12 4% 5. L 72354,
5305 RICBWTHERRZE TRV D OO A8
fHE A A SNz SDEDIMAEE I KT TRIREDO—D & L
T, AROZBZIMEEO LA ZHHT2 2 E85HIT5
Nb, ZhiE, KGEWIXL T ML L 72SDEASE WAL
T2 b2 Z & THD S /NGO PIZ) 058 8 [ A5 IE
THMBLEEZONT WS, BIZIE, VFTHERT V3
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A L L 72SDFIE 2 %K T#93, 000mPa- s =Kl
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BRGSO RES IRV 72012
B S/~ OB A <, 2 D72/ ISR
THEL 72V VOFEEEL O 7 IV 3 — 2 I 54
WMoBERcET L, MEENEALLLEZOND,

LA L, #5905 # DB 1310%BFP-SDF# 73 % 1 7
WCHRTHEEIZET (P<0.05) L7 72, 12000%
TS SIICHHFE LR (P<0.01) LR, T0#IZ
40mg/d¢ L T - 72 —FH, 5 %BFP-SDF#EIZ B W
TH1205 B TR BBICHRTERICET P
0.05) L72o S5 DFEHIZFig. 4127k L7z & 912, BFP
SDFIZ 7V 3 — A $5-#90% LB o MR AE 2 3% 52 12
BTEELZEDRRETHLIELEERLTVALDEE
Zbho Thbb, YIVOH.LMNIAFET S 7NV I —AITD
Wi, IEERLE AR ER R Caco-2 ML 2 H v 72 & MR AT
FLERBROFERAVRT L 91270 T — 2 DU Pl &
NHZENS, MEEOKTAERNIRE 2O TIER
W LHEBREINL, RIRTRFGHEOMPA A ik
EOHBIZIEL TWawvnDds, TR Lk, Ak
P DS RI TOIEFALIZA ¥ 2 Y ¥ O WIE 24O HIH
ZA LT, WO BHEGRICE S 5 &) BUTEERAS
HbEEZbNIZ, TS —H#OBFP-SDF O H52 AX #
2 KAES B B3, BFP-SDEZSAELIMBEfE D 2 > b
O—VIZERICHEG T 5WETH AW EZ RIZT 5 D
DEER D, 2D—JT, BFPSDFIZF v b 272
ZVa— ABMREBRICB VT, v a— 2% 5#605 %
TOMUBEE FAIPEN IR R L, F 729055 LT
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SDE# #5352 e BRETH Y, EBICEME LT
BFPZEIT AL 2420 WHTH L LASELE
Ths LLEN6, BEHEKOSHT AL OLNI R -7
X912, BFP-SDFOEWFIILMNRY F 2 THh 5 L 5
ENBZT NS, KBEODOBFP-SDFTH > THCaf %
VERINT AL TABREEERSE, VIVOREE
FRESELZEDUWEETH L EEZ SN D, BFP-SDF
WO I AT Cal F VIR FEE, ZhzH
W7 MU E A EHIER IO W TIE, ROBIZETH S
WCL72nwEEZ TS,

H AR Wk S 3 [ T B A8 % o JIHN 35
WTDFERO—EOMINPEEFNTnb, TDO—RE
L CBFPORIHIZRWICHIfFE N 525, 5H%RITE DTk
BT &ERE LTCOFHBTEICOWTHHREZILT S
CEDVUETHA I,

sNF 237 (Adansonia digitata 7 Vv — Y ¥V 7 (BFP)
DRI, 72 5 ONTHEREVER /T d 5 DF, Z L IZSDF
DOFEACH I AT TR OV TR L7z,

BFP-SDF i M 14 4 7382, 9% T Wi 4% 4510. 1% T H -
720 72, ANFUNMEEN4.1%TH o722 00,
BFP-SDFH D EHFIZILMNR Y F > ThhH I L Sh
720

BFP-SDF % F > 7zin vitrol2 B1F % 7 )V 2 — 2 3k iiki
FEEEBIZBWT NV I — ADWRDPHEINL Z L2
Wizo F72, Caco2 Ml % W73 X 1 &I
HELRZDIZZEFHLMIZ L2, /2, BPF-SDF
MAEEL 25, 0% 3B L 0% & T040% 7 v I — A2, Snl
%9 v MIHEBERDRYS L7254, SRV a— A5
BEOHZ DD DIZHART, #51£905 LI T O ML A
ARICETI 2227, ZOERET L LTM
NTOHE X OWINOHEIZ X ) mAEEO 28 % L3
VIS NDE 2 PR EINTe UEDZT E N84 N
TIN—VERIIEEZ I Y —LT 57200 H
LEMTHLI EDEZ SN,

X #B

1) ¥HH % (BH), BILEF OO @ HmEkdE &k
OEM GEFAt, a0 (2002)

2) BErry, R. E.: Tropical fruits and vegetables as
potential protein sources, FOOD TECHNOLCHICAGQ
35, 45~49 (1981)

3) KRENA - BIOAEA - ARHE - AH # - SHE
Hed E BN+ N T 7 v — v (Adansonia
digitata) B KEBIIHm I L AT u— VAMAEZ 5 2
725y FOKEHMEMET L AT 0= VikED LA
WS 5, HERER, 40, 21~24 (2014)

4) HAEWWMFREN | WM LIS —5
3 GE—HRR, 50, pp.136~141 (2008)

5) LEVRAT-VERNY, M. A., Bgur, S., Mustap, V.,
RimEsy, C. and DemioNE, C.: Low levels of viscous
hydrocolloids lower plasma cholesterol in rats
primarily by impairing cholesterol absorption, J
Nutr., 130, 243~248 (2000)

6) A #- i A SERAT - A - FIE
- FFTAEL Dy~ A4 BHIX T v b ol A28
9%, HALAGFREE, 15, 111~117 (2004)

7) TETHAEMEREGHT R, FHAPaT &R A S

8) NEeLLY, B. and Gusrav, A. h. : New Method for
quantitative determination of wuronic acid, Anal.
Biochem 54, 484~489 (1973)

9) HIEHFE - BB ES  HrEmatinNny 87y o
(AL, W50, p.108 (2000)

10)Kravons, J. A. and BenneTT, R. D.: Determination



252 H A in BB 7 &

VOL.41 NO.6 2015 (8)

of Methanol Using Alcohol Oxidase and Its
Application to Methyl Ester Content of Pectins, J.
Agric. Food Chem 34, 597~599 (1986)

11) Esmara, K., Masunara, R. and Kirivama, S.:
Major determination of plasma glucose-flattening
activity of a water-soluble dietaly fiber, effects of
konjak mannan on gastric emptying and
intraluminal glucose-diffusion, Nutr. Repo. Internal
23, 1145~1156 (1981)

12) Konmshi, Y. and Sumvizu, M. : Transepithelial

transport of ferulic acid by monocarboxylic acid

transporter in Caco-2 cell monolayers, Biosci.

Biotechnol. Biochem 67, 856~862 (2003)

13) HAEVMHES RS BWHE—IL8E LS H—5%
3h (BE—MhR, H50), p.45 (2008)

14) Scuwartz, SE. LeviNg, GD.: Effects of dietary
fiber  on  intestinal glucoseabsorption and
glucosetolerance in rats, Gastroeterology, 79, 833~
836 (1980)

15) Fik, F., JakoespoTTIr, G., Kurcinskaja, E.,

MARUNGRUANG, N., MaTtziourmpou, C., Nimwsson, U.,

StaLBraND, H. and Nywman, M.: The physico-

chemical properties of dietary fibre determine

metabolic responses, short-chain Fatty Acid
profiles and gut microbiota composition in ratsfed

low- and highfat diets, PLoS One 10 (5) (2015)

16) Smva, D. C, Frerras, A. L., Pessoa, C. D., Paura,

R. C., Mesqurra, J. X., Lear, L. K., Brito, G. A,
GoneaLves, D. O. and Viana, G. S.: Pectin from
Passiflora edulis shows anti-inflammatory action as
well as hypoglycemic and hypotriglyceridemic
properties in diabetic rats, J Med Food, 14, 1118~

17) SAncuez, D.,

1126 (2011)

Mucuerza, B., Mouray, L.,
HerNANDEZ, R., MicueL, M. and ALEIXANDRE, A.:
Highly methoxylated pectin improves insulin
resistance and other cardiometabolic risk factors
in Zucker fatty rats, J. Agric Food Chem 56, 3574

~3581 (2008)

18) Wi At A - SEFRAT - FERSE - K

¥ fEFEE A K Y F ISR T CE SN
L 72 KA VE A i T 1% 2 BRUBEFR G 5 v b o F i
PEE LA A2 W 5, HAREWEHEZS, 11, 15~22
(2007)

19) Innawmr S., Isama, H., Nakamura, K., Konpo, M.,

Tasata, K., Kocucur, T., Summizu, J. and Furusho,
T.: Jew's Mellow Leaves (Corchorus olitorius)
Suppress Elevation of Postprandial Blood Glucose
Levels in Rats and Humans, Int. J. Vitami. Nutr.
Res, 75, 39~46 (2005)

20) Ermara, K., Masunara, R., Kmivama, S. and

ManaBg, M.: Correlation between viscosity and
plasma glucose and insulinflattening activities of
pectins from vegetables and fruits in rats, Nutr.
Repo. internal 23, 985~992 (1980)

21) Jenkins, D. J. A., Leeps, A. R., GassurL, M. A,

CocneT, B. and ALBerTI, K. G. M. M.: Decrease in
postprandial insulin and glucose concentrations by
Guar and Pectin, Annals of internal med 86, 20~23
(1977)

22) BRIV - RARE  BE ORI A CHEDH

EEFF 2 DY V) OmtFEREERR, KEFHRE,
53, 361~368 (1995)
CERE274E 7 A30H A, FK274E 9 A17H #)




(9) HAAEMEER2AFE VOL.41 NO.6 2015 ([t  30) 253

Mok B O H IR IC BT 5
WAL B L7 L — =l o4k
GO TN BT A R R fET R i

* 1 MR ESENIEE V5 —
* 2 WRERKF R

Changes in the Physicochemical and Flavor Characteristics of the Okinawan
Brown Sugar “Kokutd® during Storage at Ambient Temperature

HIROSE Naoto*', MAEDA Goki*', TAKARA Kensaku** and WADA Koji**

* 1 Okinawa Prefectural Agricultural Research Center, 820 Makabe, Itoman City, Okinawa 901-0336
* 2 Faculty of Agriculture, University of the Ryukyus, 1 Senbaru, Nishihara, Okinawa 903-0213

Changes in the physicochemical and flavor characteristics of the Okinawan brown sugar “Kokuto’
during storage for 21 months at ambient temperature were investigated. Changes in moisture content
and water activity were small. Decrease in L* value and increase in the color value were observed,
and differences in color characteristics among different kinds of Kokuto reduced with preservation. The
color value of Kokuto increased concomitantly with a decrease in free amino acid content. The change
in polyphenolic content was small. The antioxidant activity of Kokuto increased till the sixth month
and then decreased afterwards. During storage, the content of sulfur-containing compounds showed a
large decrease, while the contents of 3-ethyl-2, 5-dimethylpyrazine and dihydro-2-methyl-3 (2H) -
furanone increased. These results suggest that the Maillard reaction progressed during storage of
Kokuto at ambient temperature. The degree of scattering of volatile compounds varied according to
the samples of newly produced Kokuto; however, the difference in scattering reduced with
preservation.
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Key words : brown sugar, storage at ambient temperaturejoc value, volatile canpound, Maillard reaction
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Table 1 Changes in the physicochemical characteristics of Kokuto during storage at ambient temperature
Preservation period (months)
0 3 6 9 12 15 18 21

Water contents (%) 530 £ 090 518 = 076 568 £ 057 564 £ 055 521 = 068 573 + 041 524 £ 069 498 = 065
Water activity (Aw) 065 = 004 065 = 003 066 = 002 066 = 002 067 = 002 067 = 002 065 = 002 066 = 002
Color value (valuex10)* 127 + 025 121 + 026 149 = 044 165 + 048 177 = 048 178 = 044 252 = 047 243 = 065
Asparagine (mg/100g DW) 4847 + 1988 439.3 + 1855 2741 + 1527 2504 + 1527 2309 + 1427 2030 + 1330 1611 + 1051 1485 + 103.0
Aspartic acid 906 = 308 840 = 290 772 £ 301 753 = 306 732 = 294 661 = 281 640 £ 272 677 = 302
Alanine 333+ 118 289 + 108 248 £ 106 230 £ 98 223+ 98 197+ 89 177 £ 78 194 £ 89
Glutamic acid 207 £ 66 248 = 53 170 £ 38 151 = 38 148 40 128 + 38 108 £ 34 87 + 31
GABA 157 £ 28 146 = 33 95 = 20 86 £ 20 79+ 18 69 £ 18 58 £ 14 53 £ 15
Sucrose (g/100g DW) 8444 + 713 8414 + 281 8166 = 143 9170 = 186 7972 = 343 7817 £ 303 7067 £ 165 7055 £ 153
Fructose 043 = 006 048 £ 012 052 = 017 019 = 009 020 = 009 017 £ 007 017 = 007 023 = 0.09
Glucose 026 = 012 029 £ 012 024 £ 014 005 = 007 005 = 008 003 £ 005 005 = 007 006 = 007
Aconitic acid (mg/100g DW) 211.3 £ 478 1994 + 490 1562 = 389 1517 = 375 1429 = 312 1246 £ 303 1104 = 270 928 = 220
Malic acid 768 £ 87 728+ 91 722 £ 107 762 = 111 730 £ 94 684 = 119 729 £ 119 714 = 134
Citric acid 731+ 74 642 84 639 80 700z 89 670 81 632 70 681 % 83 656 = 109
Total polyphenols (mg/g DW) 326 = 037 289 = 040 285 £ 022 302 = 026 283 £ 009 293 = 028 301 = 023 292 £ 0.09
Antiowident actvty (ol TE/g W)™ 646 = 113 950 + 164 917 £ 102 758 = 192 867 £ 075 864 = 081 814 = 136 554 £ 095
Mean of 7 kinds of Kokuto are shown (n=3, mean=SD).
*Color value: ICUMSA color
** Antioxidant value: DPPH assay

30 12 - 9 r

a*value b*value
28 6 F
0 s e}
26 3
24 1 1 1 0 1 1
0 6 12 18 0 6 12 18 0 6 12 18
Preservation period (months)
Fig.1 Changes in the color value of Kokuto during storage at ambient temperature

— :7 kinds of Kokuto (mean, n=3), @ : Mean of 7 kinds of Kokuto (Error bar indicates SD)
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Decrease in free amino acid
content (mg/100g DW)

0 I J
0 1 2

Increase in color value
(ICUMSA color, value x 10%)

Fig. 2 Correlation between color value and free amino
acid content in Kokuto during storage for 21 months
at ambient temperature

Values were calculated from measurements recorded before
and after preservation.
Total content of 5 kinds of free amino acids (asparagine,

aspartic acid, alanine, glutamic acid, and GABA ) were

evaluated.
@ : Mean of 7 kinds of Kokuto (n=3)
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Table 2 Changes in the content of volatile compounds in Kokuto during storage at ambient temperature
Preservation period (months)
Compounds R.T. 0 3 6 9 12 15 18 21
Alcoholss
Ethanol 9472 856 £ 507 567 * 264 874 + 468 1257 £ 647 910 £ 546 806 * 437 962 * 488 974 = 432
2,3-Butanediol 28090 175 =178 145 =222 105 = 108 33 = 18 30 £ 24 31 £ 33 115 £ 69 169 = 95
2-Furanmethanol 20966 204 + 94 118 + 33 68 * 17 55 £ 15 45 = 08 34 = 07 24 £ 11 14 = 17
Aldehydes
Acetaldehyde 5527 3210 * 587 3588 £ 518 4133 £ 467 4177 + 959 3700 + 891 3744 £ 877 3740 £1068 3430 £ 940
2-Methyl propanal 6.724 1111 £ 641 894 = 403 971 =417 635 =356 449 + 222 478 £ 265 502 * 286 464 * 254
2-Methyl butanal 8757 484 =302 381 =195 424 +231 271 £177 205 =133 204 + 133 221 =160 194 = 126
3-Methyl butanal 8866 484 + 166 457 * 130 407 = 134 344 =153 277 +129 273 126 274 = 143 239 * 109
Pyrazines
Methyl pyrazine 19854 588 £ 456 354 £ 252 278 =170 329 +231 276 + 168 204 £ 102 167 = 95 132 = 67
2,5-Dimethyl pyrazine 21558 2645 +1982 1521 1050 986 = 637 1136 + 883 994 =+ 668 727 * 369 531 £ 336 419 * 255
2,6-Dimethyl pyrazine 21724 920 + 175 641 + 121 509 =108 587 *172 549 +160 376 = 94 333 £ 62 282 = 64
2,3-Dimethyl pyrazine 22259 97 # 100 84 = 80 73 = 57 80 = 17 67 £ 61 55 + 37 43 = 40 30 = 37
2-Ethyl-6-methyl pyrazine 23290 111 * 41 99 = 31 72 £ 20 75 £ 30 71 £ 32 41 £ 05 36 £ 19 28 = 20
2-Ethyl-5-methyl pyrazine 23488 121 + 86 72 = 44 50 = 23 56 £ 33 45 = 23 25 = 17 18 £ 17 10 £ 16
2,35-Trimethyl pyrazine 23878 300 = 238 280 +205 201 +138 233 +188 214 +155 155 = 90 138 = 99 117 = 76
3Ethyl-25-dimethyl pyrazine 24894 371 + 212 274 =128 230 = 86 542 *167 491 +119 352 = 55 83 *218 525 = 56
Sulfides
Dimethyl sulfide 5933 7361 £2078 4531 =*1199 684 * 233 574 + 201 496 + 206 359 £ 141 246 = 114 233 = 106
Ketones
Acetone 6.794 785 * 264 897 =+ 198 1154 £ 187 638 116 356 * 56 366 = 62 346 = 77 258 = 55
2,3-Butanedione 10515 1060 =+ 282 544 = 91 364 = 54 368 = 85 285 = 71 272 £ 55 173 = 64 210 = 45
2-Hexanone 13057 164 £ 92 108 = 54 50 £ 16 41 £ 19 28 = 11 26 £ 09 03 = 07 04 = 09
Dihydro-2methyl3(2H ) furanone  19.685 317 + 245 677 + 484 320 =187 301 *180 204 =111 152 £ 75 133 + 80 106 = 53
3-Hydroxy 2-butanone 20393 200 * 68 145 = 35 98 = 29 91 = 29 74 £ 30 62 = 20 33 = 09 48 % 26
1-Hydroxy 2-propanone 20821 779 + 488 482 +229 308 = 78 194 + 57 164 * 21 144 £ 22 o = 25 106 = 15
Carboxylic acids
Butyric acid 20147 549 483 651 +552 761 711 546 691 479 £ 385 596 £ 573 58 = 98 222 * 333
Total peak area 2804 £7073 1709 £339.3 13120 +£237.7 12562 3312 10409 +2581 9483 +1904 9035 £2128 8215 =£1669
Mean of 7 kinds of Kokuto are shown (n=3, mean=SD).
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Preservation period (months)
Fig. 3 Changes in the content of volatile compounds in Kokuto during storage at ambient temperature

— ! 7kinds of Kokuto (n=3), @ : Mean of 7 kinds of Kokuto (Error bar indicates SD)
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Table 3 Component loadings determined by multivariate

analysis of Kokuto

Element Component 1 Component 2
Alcohols —0.149 0.901
Aldehydes 0.667 —0.545
Carboxylic acids 0412 0.299
Sulfur containing 0734 0180
compounds
Ketones 0.936 0.099
Pyrazines 0.870 0172
31 o 3 3 3
A 0 months 6 months 12 months 18 months
< [ ] =2 2 X
S TN Y . oF
Mo o manar ey chaparan e EHPAS
& 214 B £ 14 @ & E & o
i ]
-3 -3 -3 3
PC1 (46.8%) PC1 (46.83%) PC1 (46.8%) PC1 (46.3%)

Fig.4 Changes in the scatter diagram of Kokuto during storage at ambient temperature
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Dehydration and Astringency Removal from Persimmon Flesh
by Osmotic Pressure, and Study of Fruit Quality

TAIRA Satoshi*® SATO Yuki*, AKIMOTO Ayaka*
SAEKI Yoko* and MATSUMOTO Daiki*

* Faculty of Agriculture, Yamagata University, 1-23 Wakaba-machi, Tsuruoka, Yamagata 997-8555

The astringency of peeled persimmon fruit (Diospyros kaki Thunb.) after harvest can be removed
during drying. Dehydration and astringency removal may also be induced via osmotic pressure by
dipping the flesh in a concentrated sucrose solution. We examined the influence of dipping conditions
and fruit maturity on the degree of dehydration and loss of astringency in persimmon flesh. Peeled
fruits were individually dipped in a sucrose solution in a small plastic container that was sealed with
a lid and kept under a constant temperature for several days. Dehydration of the flesh in 50° Brix
sucrose solution progressed faster as the temperature increased from 35C to 50C. However, the
degree of dehydration was similar for all conditions after 7days of dipping. Dehydration progressed
faster and the magnitude was greater as fruit maturity advanced. Although a loss of astringency did
not occur in flesh dipped at 5C, astringency disappeared rapidly in the flesh as the dipping
temperature increased to between 20C to 50C. The loss of astringency occurred more easily in
mature than immature flesh. The ease of astringency loss varied among years. The total scores for
product quality with respect to taste were higher for more mature fruits, except when they were
overripe. These results suggest that the flesh from fruit at 80—-100% maturity was suitable for
processing. The fruit quality was different from traditional dry or semi-dry persimmon in the texture
and was influenced by cutting and by the cultivar used.

(Received Jun. 10, 2015 ; Accepted Oct. 9, 2015)

Key words : astringency removal, dehydration, dry fruit, osmotic pressure, persimmon
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Fig.1 Effects of keeping temperature on decrease in
flesh weight during dipping treatment in ‘Hiratanenashi’
persimmon

Fruits for 5C and 50C treatments were harvested on 27
September, 2012 and those for 20C and 35C treatments
were harvested on 19 October, 2012. Fruit flesh were dipped
in 50° Brix sucrose aqueous solution. Vertical bars indicate S.
E. (n=3). No bar can be seen when S. E. is smaller than the
symbol.
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Fig.2 Effects of fruit maturity on decrease in flesh
weight during dipping treatment in *‘ Hiratanenashi’
persimmon

Fruit flesh were dipped in 50° Brix sucrose aqueous solution
at 35C in 2013. Vertical bars indicate S.E. (n=3). No bar
can be seen when S. E. is smaller than the symbol.
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Fig.3 Effects of keeping temperature on soluble tannin
concentration in flesh during dipping treatment in
‘Hiratanenashi’ persimmon

Fruits for 5C and 50C treatments were harvested on 27
September, 2012 and those for 20C and 35C treatments
were harvested on 19 October, 2012. Fruit flesh were dipped
in 50° Brix sucrose aqueous solution. Vertical bars indicate S.
E. (n=3). No bar can be seen when S. E. is smaller than the
symbol.
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g.4 Effects of fruit maturity on soluble tannin
concentration in flesh during dipping treatment in
‘Hiratanenashi’ persimmon

Fruit flesh were dipped in 50° Brix sucrose aqueous solution
at 35C in 2013. Vertical bars indicate S. E. (n=3). No bar
can be seen when S. E. is smaller than the symbol.
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Table 1
treatment in persimmon flesh*

Influence of fruit maturity and dipping temperature on degree of dehydration and eating quality during

Days in dipping treatment

. Fruit Dipping 1 3 6
Cultivar .
maturity temperature Degree of Eating Degree of Eating Degree of Eating
dehydration  quality? dehydration quality dehydration quality
60% 40C Ax 25+ 0.2 Anpo 22 * 04 Hoshi " 3.0 = 05*
50C A 15 £ 0.2 Anpo 1.5 £ 0.2 Hoshi 1.8 £ 0.3
80% 40C A 37 04 Anpo 34 =02 Hoshi 34 = 04*
. . 50C Anpo" 2202 Anpo 24 =02 Hoshi 28 £ 05
Hiratanenashi .
100% 40C A 42 =05 Anpo 28 =05 Hoshi 32 = 0.2*
50C VAN 30 £ 04 Anpo 25 £ 0.3 Hoshi 2.6 £ 0.2
40C A 18 =07 Anpo 30 £05 Hoshi 27 £07*
Overripe 50C A 1.7 £ 0.3 Anpo 1.8 = 04 Anpo 25 + 0.2
100% g
Denkuro .0 40C A 23 03 Anpo 2.8 =04 Anpo 30 £ 06
coloring

z Fruit flesh were dipped in 66° Brix sucrose aqueous solution in 2014.
v Scores for evaluation of eating quality (1, very low; 2, low; 3, moderate; 4, high; 5, very high). Mean+S.E. (n=6).

* Degree of dehydration were under 45%.

v Degree of dehydration were approximately 50% like “Anpo-gaki” (semi-dry fruit of persimmon).
v Degree of dehydration were approximately 65% like “Hoshi-gaki” (dry fruit of persimmon).

*Some kind of molds appeared on dipping solutions.
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Influence of Disulfide Bond Formation Via Recombinant
PDI-Ero1 Processing of Proteins and Baking Quality

NOGUCHI Tomohiro*'®, NISHIBORI Fumiya*’, SHIONO Koji*’,
OKA Daiki*!, NOGUCHI Haruko™ and TAKANO Katsumi**

* 1 Food Processing Center, Faculty of Applied Bioscience, Tokyo University of Agriculture,
1-1-1 Sakuragaoka, Setagaya-ku, Tokyo 156-8502, Japan
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Disulfide (SS) bond formation in dough is an important factor in bread making. In this paper, we
examine the effects of recombinant protein disulfide isomerase (PDI) and endoplasmic reticulum
oxidoreductase 1 (ERO1) on SS bonds in dough. The oxidation regeneration ability of ERO1 for PDI,
which results in the formation of SS bonds in proteins, was analyzed. ERO1 obtained from wheat also
had oxidation regeneration ability for PDI In addition, the ability of SS bond formation to reduce
ovomucoid degeneration increased about 3-fold with coexistent ERO1 and FAD compared with PDI
alone. TaPDI, TaERO1, and FAD were reacted with acid-soluble wheat proteins prepared from hard
flour and analyzed by diagonal electrophoresis. PDI has been suggested to form SS bonds in gliadin.
Further, in bread-making tests using medium flour with poor suitability for bread making, the specific
volume of 4.69cni/g without TaPDI increased to 5.34cn/g with addition of PDI, ERO1, and FAD, similar
to that of hard wheat flour bread. From this result, it was possible to confirm the effect of using PDI

in poor wheat flour on improving bread quality.

(Received Jun. 15, 2015 ; Accepted Oct. 4, 2015)

Key words : protein disulfide isomerase, disulfide bond, bread, endo plasmic reticulum oxidoreductisedh
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Dough
properties of flour are derived from the nature of

formation and the wunique physical
gluten. Gluten is a complex protein formed from
gliadin and glutenin, which are hydrated wheat
storage proteins. Various interaction are involved in
Inhibition of SS bond

in bread dough with greatly

the formation of gluten.
formation results
reduced physical properties. Therefore, cross-linking
of proteins by disulfide (SS) bond formation is the
most important interaction in gluten formation. In
general, SS bond formation in proteins requires heat
treatment at about 80C. When heated, the proteins
in foods including ham, sausage, boiled fish paste,
such as fishery paste products, tofu, yuba, cheese,
and processed egg products are gelled at
temperatures of 80C or more.

because wheat dough preparation is
carried out at 25~ 35T,

mechanism other than heat is inferred. Moreover,

However,
a SS bond formation
in flour that have

there are various enzymes

recently been suggested to be involved in dough

V~9 " Therefore, with

formation during bread making
the thought that
enzyme -catalyzed reactions, we examined protein
disulfide isomerase (EC 5.3.4.1; PDI) as a catalyst

for SS bond formation and reported the properties

SS bond formation involves

of endogenous wheat PDI and recombinant wheat
PDI (TaPDI)??. In addition, endoplasmic reticulum
oxidoreductase 1 (ERO1) involved in the oxidative
regeneration of PDI was prepared from recombinant
wheat ERO1 (TaERO1) in an Escherichia coli
expression system’.

In this
regeneration of TaPDI by TaERO1 and examined

study, we analyzed the oxidation

the improvement of bread quality owing to SS bond
formation with addition of both enzymes.
Materials and methods

1. Samples
Two types of flour were used in this study :

§ Corresponding auther, E-mail : tomo@nodai.ac.jp
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Suzume (Nisshin Flour Milling Co., Ltd.,, Japan) was
used as medium flour and Cameria (Nisshin Flour
Milling Co., Ltd.) was used as hard flour.
Recombinant wheat PDI (TaPDI)” and recombinant
wheat ERO1 (TaERO1)” were prepared using an E.
coli expression system.
2. Assay for PDI activity

The activity of PDI was measured using the
method of HoLmGreN®”. The incubation mixture
contained 0.5mg/m¢ insulin (human, Sigma), 0.1 M
potassium phosphate (pH 7.5), 2mM ethylenedia-
minetetraacetic acid (EDTA), 0.33mM dithiothreitol
(DTT), and PDI solution (204¢ ). The reaction was
initiated by the addition of DTT. After incubation
for 40min at 25C. The increasing turbidity of the
insulin peptide chains was measured at 650nm. One
unit of PDI activity is defined as the amount of
enzyme that increases the absorbance at 650nm by
0.01 absorbance units per min at pH7.5 and 25C.
3. Oxidation of TaPDI by TaEROI

The analysis of the oxidation of TaPDI by
TaERO 1 was carried out according to the modified
PDI activity assay of HoLmcren"” DTT solution (5
mM, 66x¢) was added to TaPDI solution (20uf )
and the mixture reacted at 25C for 10 min to
reduce TaPDI. Then, TaERO1 (0~1.6nmol) and
flavin adenine dinucleotide (FAD; 1.6nmol) were
added and the mixture reacted for 30 min at 25TC.
To determine the amount of PDI in the reaction
solution, we measured PDI activity using the PDI
activity measurement method described above.
4. SS bond formation in proteins by TaPDI

Reduced denatured ovomucoid was prepared

according to the method of OnpA!”. Ovomucoid (50
mg; Sigma) was dissolved in 0.1M Tris-HCl buffer
solution (25m¢ including 9M urea, 50 mM DTT, and
1mM EDTA; pH 8.2) and the SS bonds were
reduced by processing at 25C for 30min. The
ovomucoid solution was dialyzed overnight (4T)
with water to obtain a solution of reduced
denatured ovomucoid.

TaPDI (5U, 0.8nmol), TaERO1 (1.6nmol), and
FAD (1.6nmol) were mixed, and the reaction volume
was adjusted to 2004 with water. The mixture
was allowed to react for 30min at 25C. Then, 400ug
/mé of reduced denatured ovomucoid solution was
added (800x¢) and allowed to react for 180min at
25C . The

determined according to the method of ANDREWS."

extent of SS bond formation was

by measuring the free SH groups.

5. Diagonal electrophoresis analysis (non-reducing
/reducing two-dimensional SDS/gel electrophoresis)
The formation of SS bonds was analyzed using

SDS / gel

electrophoresis. Acetic acid solution (20m¢, 0.1 M)

nonreducing / reducing two - dimensional

was added to 2g of hard flour, homogenized with
an ultrasonic homogenizer (Hisukotoron, Microtec
Co., Ltd.), and dialyzed overnight in water. The
solution was centrifuged (10,000 rpm, 20min, 4 C),
and the supernatant, which contained the acid-
soluble wheat protein, was wused in the next
experiments. TaPDI (5U, 0.8nmol) and TaERO 1
(1.6nmol) were added to the acid-soluble wheat
protein solution (3mg/mé¢), and the mixture was
reacted at 37C for 180 min. The reaction solution
was electrophoresed by SDS-PAGE under non-
reducing conditions (Me-). After electrophoresis, the
gel was cut to separate each sample lane, and
subjected to a reduction treatment with 2 -
mercaptoethanol. These reduced first dimension gel
samples were then electrophoresed in a second
dimension gel (acrylamide concentration: 12.5% (w
/v)). After electrophoresis, the second dimension gel
was stained with SYPRO ruby.
6. Bread-making test

(1) Bread-making method The bread-making
tests were carried out using the straight dough
bread production
200g of hard

flour or medium flour, 10g of sugar, 8g of yeast, 8g

method for standard white

according to the following recipe :

of shortening, 4g of salt, and 137m¢ (hard flour) or
120m¢ (medium flour) of water. Mixing of the wheat
dough was carried out for 6 min at 20C using a
pin-type mixer (National MFG Co., Ltd.). The dough
was fermented for 120 min at 27C and 200g of
dough was molded in a Wide Fine Moulder
(Oshikiri Machinery Ltd.). The dough was placed in
a pan (15cm X 5cm), proofed for 60 min at 38T
(85% humidity), and then fired for 20 min at 200C.
(2) Physical properties of crumbs The crumb

properties of the bread were measured using
materials testing machines (Instron Corp.). After
baking, the bread was cooled for 24h at room
temperature and cut to a thickness of 20 mm. The
stress (N) when the bread is compressed 50% with
a plunger (diameter: 230 mm) and the hardness of
the bread were determined. Cohesiveness, measured
twice with 70% compression, was determined by

dividing the second value by the first value.
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Results and discussion

1. Effect of recombinant TaERO1 on the action of
recombinant TaPDI
PDI is reduced by forming SS bonds in substrate
proteins and loses its oxidation ability. For this
reason, the reduced form of PDI
regenerated by oxidation by ERO 1, and SS bond
formation in the

in vivo is

substrate protein progresses
continuously. Therefore, we examined the oxidation
ability of TaERO 1 for TaPDI acquired from wheat
(Fig.1) . TaPDI was
absorbance at 650 nm following reduction was 0.432.
On addition of 0.4nmol (0.5 equiv.), 0.8nmol (1
equiv.), and 1.6nmol (2 equiv.) TaERO1 to TaPD],
the absorbance at 650 nm was 0.430, 0.320, and

0.058, which shows that the absorption decreases

When only present, the

with increasing concentrations of TaERO1. When
insulin, which is insolubilized by SS bonds, is
reduced by PDI (reduced state), the absorbance
(turbidity) of the reaction solution increases. In the
presence of TaERO 1, this increase in absorbance
was controlled because the reduced form of TaPDI
was oxidized by TaERO1 and SS bonds were not
formed in insulin. This result shows that TaERO 1
was successfully expressed with the ability to
oxidatively regenerate TaPDIL
2. SS bond formation in proteins by TaPDI or

TaPDI-TaERO 1

TaPDI was allowed to act on reduced denatured
ovomucoid, and then subjected to SDS-PAGE. The
SS bond band of obtained by electrophoresis under

05

HH
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0.D. 650

02

01 r

: ]

A B C D

Fig.1 Effect of TaERO 1 concentration on the reduction
activity of TaPDI

A: TaPDI (0.8 nmol), B: TaPDI (0.8 nmol) + TaERO1 (0.4
nmol), C: TaPDI (0.8 nmol) + TaERO1 (0.8 nmol), and D:
TaPDI (0.8 nmol) + TaERO1 (1.6 nmol).

non-reducing conditions was observed at 35 kDa
with TaPDI alone, whereas the band shifted to a
lower molecular weight (30 kDa) with TaPDI,
TaERO1 (1.6nmol), and FAD (1.6nmol) (Fig.2 A).
On the other hand, the band of 30 kDa (Fig.2 A, No.
3) was shifted to 35 kDa by treatment with 2 -
mercaptoethanol (Fig.2B). With only TaPDI, 82.2 +
SS bonds per 1g
ovomucoid were formed (Fig.3). By adding TaERO1

1.0 pmol reduced denatured

Fig.2 Refolding of reduced and denatured ovomucoid by
TaPDI and TaERO1

A : non-reducing conditions for SS bonds and B: SS bonds
reduced. 1: Ovomucoid (Me-), 2: ovomucoid + TaPDI (0.8
nmol) (Me-), 3: ovomucoid + TaPDI (0.8 nmol) + TaERO1
(1.6 nmol) + FAD (1.6 nmol) (Me-), and 3’ : SS bonds in
band No. 3 reduced by treatment with 2-mercaptoethanol.
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Fig.3 Influence of ERO1 on SS bond formation by PDI

A: TaPDI (0.8 nmol) and B: TaPDI (0.8 nmol), TaERO1
(1.6 nmol), and FAD (1.6 nmol).
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Fig.4 Two-dimensional electrophoresis of acid-soluble wheat protein fractions

A: Non-treated and B: TaPDI-TaERO1 treated.

(1.6nmol) and FAD (1.6nmol) to TaPDI, the
amount of SS bond formation was increased about
three-fold to 2744 =
TaPDI is continuously regenerated through oxidized
by TaERO 1, and SS bonds were revealed to be
efficiently formed in proteins.

It should be noted that the formation of SS bonds
was confirmed with only TaPDI, even though no

2.0 pmol. Therefore, reduced

change was seen in the position of the bands in
SDS-PAGE. Because there are nine SS bonds in
ovomucoid, with the decreased formation of SS
bonds with TaPDI,
molecules were not well folded.
3. Action of TaPDI-TaERO1 on acetic acid extracted
proteins
The action of TaPDI and TaERO1 on the protein
fraction extracted from flour by acetic acid was

it was suggested that the

analyzed by diagonal two-dimensional electrophoresis.
The proteins detected on the diagonal of the upper
region are considered to have formed intramolecular
SS bonds, whereas proteins detected in the lower
region are considered to have formed intermolecular
SS bonds. In this experiment, gliadin proteins of 30
~40 kDa and 50 kDa were detected in the diagonal
of the upper region in the samples treated with
TaPDI-TaERO1 (Fig.4). From this result, SH groups
in the gliadin were considered to be formed
intermolecular SS bonds by the enzyme treatment.
On the other hand, proteins were also detected in
the diagonal of the lower region with a broad
molecular weight range. From this result, the ability
of TaPDI-TaERO1 to form SS bonds between
proteins is suggested.

4. Influence of PDI and ERO1 on baking quality

The influence of TaPDI, TaERO1, and FAD on

bread-making properties was examined using hard
flour and medium flour (Fig.5). The specific volume
was 5.40cni/g with hard flour and 4.69cni/g with
medium flour. No significant change was seen in the
specific volume when only TaPDI (50U ; 8nmol) or
TaPDI, TaERO1 (8nmol), and FAD (8xmol) were
added to 200g of medium flour. However, when
excess TaERO 1 was added (TaPDI: TaERO1 =1:
10 or 20), the specific volume increased significantly
to 5.13 and 5.34cn/g respectively. The specific
volume of the bread with 20-fold excess TaERO1
was similar to that of hard wheat flour bread. A
comparison of the physical properties of the various
bread ( Fig. 6)
differences between the stress and cohesion values.

crumb showed no significant
SS bond formation by the TaPDI system increased
the specific volume of the product, but it did not
have an influence on the properties of the crumb.
In future studies, we will examine quantitatively the
relationship between PDI and ERO 1 and improved

baking quality, as well as the influence of other
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Fig.5 Effect of TaPDI and TaERO1 on specific volume
of baked bread
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A B E F Protein  Disulfide  Isomerase Expressed in

Fig.6 Effect of TaPDI and TaERO1 on hardness ([)
and cohesion (H) of baked bread

A: Strong flour (Cameria), B: medium flour (Suzume), C:
B+TaPDI (50U; 8 nmol), D: B+TaPDI (50U; 8 nmol)+
TaERO1 (8 nmol) +FAD (8 #mol), E: B+TaPDI (50U; 8
nmol) + TaERO1 (80 nmol) +FAD (8 g#mol), and F: B+
TaPDI (50U; 8 nmol) + TaERO1 (160 nmol) + FAD (8 zmol).

oxidizing agents.
Conclusion

In this study, we examined the functions of
TaPDI and TaERO1 acquired from wheat and their
bread TaPDI was
confirmed to be oxidatively regenerated by TaEROI.

influence on characteristics.

In addition, SS bond formation in proteins was
significantly improved in the presence of TaERO1
compared with TaPDI alone. TaPDI is continuously
regenerated by the TaPDI-TaERO11-FDA system,
revealing efficient formation of SS bonds in the
proteins. When bread making was tested by adding
this system to medium flour, which has inferior
bread-making properties, the use of only TaPDI did
not result in any significant improvement. However,
with coexistent TaPDI, TaERO1, and FAD, the
specific volume of the bread was improved and was
the same as that of hard flour bread. This result
confirmed that the addition of PDI, ERO1, and FAD
to wheat flours with poor bread-making properties
is able to improve the bread quality.
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