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The Effect of Adding Trehalose to Starch Based Foods
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After being cooked and gelatinizing, as time passes, the hardness, whiteness, and syneresis rate of starch
based foods increases and retrogradation sets in. Confectionary that is cooked using flour that contains starch,
or contains starch itself, is prepared by using sugars, which help to suppress retrogradation and limit the
amount of damage caused when cooling or freezing. In this study it was decided to examine the effect that
partly or completely substituting sucrose with trehalose has on the physical properties and sensory evaluation
of warabimochi (bracken starch cake), kuzukiri, kuzumochi (kudzu starch cake), dango (sweet dumplings),
mushi-yokan (steamed sweet bean jelly), imo-yokan (sweet potato jelly), biscuit, muchi-kasutera (steamed
sponge cake) and pie filling. The effect that using trehalose has on preventing retrogradation and reducing
damage when cooling, freezing and defrosting the confectionary was also measured. The results of the
findings showed that when trehalose is added to starch based foods retrogradation when cooling or freezing is
dramatically reduced, compared to when sucrose is added. However, the level of effectiveness differs not only
depending on the amount of trehalose added, but also on the type of starch and the amount of used, water
amount and preparation method.
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CHUHBEEIETRTVWLE Y, X512 [T
B | EHPRIIIEEER G L LTER ST
WAHLRY) 72 /) —=NVO—FE, 7t A IVFF
k4 (Caffeoylquinic acids . CQAs) D& = b %
W ENHS N E RS TBY Y, AR
HEDRESNTWD, 2 THMNIHEENTE
s =Tl [TVBH] 2 HADOEAEFICH
DANG 7280, BTN T—XKNMLAETH S
NR—A MRy F—%FHL72REL > DR
BERATV, [TWvB9) ] HHORMEICHY A
TE72, AT [T0EI ] OMLdd il
BEL, KU 7 —VESICEH LEEFITR
KRR EGEE T 5,

=T, [TWVB) | HOEELRR) 72/ —
VA Tdh D CQAs DFHTIEIZDOWTIE, R
L ENT2GHTEPGFIEL RO HIKTH 5,
FZCEENHBTHIN—TTIE, <A
EEFME T VB [HEGRICETNL N T o
% (Caffeic acid : CA) B & UF7 D CQAs D
GATEIZOWT, B RE BV TZ4 %
BRT 2L, [TVB9 ] 0 CQAs D
EALRIILER e Y < A B - REOEHICB
7% CQAs DPIZE X RATE /2o AKfaTldah
5—EDONEZRNT %o

HO OH

o\ OH

Caffeic acid (CA)

1. YY1 EZEEROH 7 F1TN

X BERME

[TV ] EETMOERMIE B R EFE
EHBELTH Ny 725 ATHD, T Bk
MG THELNTA VR T/ —VDE
mEHL WV, [TWB) | KEFENLEELKY
T x /) =V & L TIE CA R CQAs 415
NTwb, CQAs IX CA & F FEEH I K&
L7AbE&E 2 A5 2L EMFEORMBTH D,
CA DAEANE LK AT X 0 Ak 2 BYEER
BT Do [T B9 ] i3 7D CQAs
WHEAETAILEPMENTBY, 2613
2R L7 LI ITF FERICCAD—5THEE
L7zE /A7 A4VFFEEHD 3 (3-CQA,
4-CQA, 5-CQA), F FTMRICCADV HmTHa
L7207 2 A IVFFEEDS3HE (3,4-diCQA,
3,5-diCQA, 4,5-diCQA), F F WE I CA % =
DTREELE M)A T2 AN FF D
(3,4,5-triCQA) TH % ,CQAs 1T ¥V ~ 1 EIUIR,
J—b—F, TRV, JarFrEILDEL
TRk A R BAEICEETNTEBY, AL HIC
BT 2&5R310g bHEEEATVD Y §
12, I—k—4 (279 ~ 520 gke- ¥ZWE), F
Z (141 ~ 28.0 g/kg- 2 ), ~T2K%E (4.8 ~
249 glkg- FEWE) HEN BT LD D

s ORs

5
HOOC\TZ:;:fgC\ORZ
1

OH OR;

Caffeoyl = OH

o)—\\—@ OH

— R BHRE

L&M1& BEAR
3-caffeoylquinic acid 3-CQA
4-caffeoylquinic acid 4-CQA
5-caffeoylquinic acid 5-CQA
3,4-dicaffeoylquinic acid 3,4-diCQA
3,5-dicaffeoylquinic acid 3,5-diCQA
4 5-dicaffeoylquinic acid 4,5-diCQA
3,4,5-tricaffeoylquinic acid 3,4,5-triCQA

Neochlorogenic acid
Cryptochlorogenic acid R, = Caffeoyl, R, =R;=H

R, = Caffeoyl, R,=R;=H

Chorogenic acid R; = Caffeoyl, R,=R,=H

Isochlorogenic acid B R, = R, = Caffeoyl, R;=H
Isochlorogenic acid A R, = R; = Caffeoyl, R,=H
Isochlorogenic acid C R, = R;= Caffeoyl, R;=H

— R, = R, = R; = Caffeoyl

M2 YA EEHRIEETNI N T H IV XFEREE
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CQAS A EEHTH AL ENMENTEY, W
VA BEHETIE 142 ~ 171 gke- YW EOH
FITEIN TS >, $72, CQAs I3HiMRAL
e, PLDSALER, AT = v ARmtirem,
RALEEM 0 & Off 4 2 EEREMEZ R 2 L 0
HEENTWDE MY, [Funk) ] EEFICBW
THEWFEBRTOMEREFEH e FTo LDL
BALEIHIAI A S TB ) 519 2ok
FEMEIZ CQAs I2& A DEEZ SN TWA,

2, YYTAEEGHDODCALTED
CQAs D3 IREL BE—BRETD
HLMEER

ATE Z EHEAL S 5 7290121%, SATEDO Y

AR T ALV RTH S, HHEDOE

MPERERE & 1%, ISO/IEC 17025 2B W T, [EX

T B HEE O FE IR LTl 4 O BREFIE AN 72

ENTWALILEEHFBIZL > THERL, FEN

B EHET LI ETH S| &idd#iah T
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WEZTHH L TOHEEED D 2 — 58 DHiFHN
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BN HE—3ERE 1B W TRE L 720 fe
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A EREH T D CQAs FHHTED H—RER=E TOH

MHREICET L7,

JUIh B B R SE v & — DfgE SV — 7T

10 L ERI S Y v 4 TZETEF O CQAs

WCAHB LZZAFEICHLD LA THB Y, CQAs D

SHIEODS I T A x iz sru~x b7

774 —=I2X ATV, CAB LU 5D CQAs

(5-CQA, 3,4-diCQA, 3,5-diCQA, 4,5-diCQA,

3,4,5-iCQA) Z /it RE LTwizh?, £

DENTEDOZ B EIIHER I N TV oiz, &

CTEESIE, 3 Okuno 5DHEET 12400

YWEEMR 72, B—RBRECHmkoZ 4%

DR EAT 5720 WEBIIDTOLEBY TH 5,

1) TNFTHMMRTHo 72y~ A EELE
HFOCABIUVSHD CQAs 12V A F — 1
STHDH2MDE ) F1 7 x4 1V FFEHEH
(3-CQA & 4-CQA) = NZ, HHTA %% 8
Besic L7z,

2) YA EDOEEINMZ THBF D CQAs
LHMIEZFEE T 5 L 91T, Okuno 5 254
VA FEH P D CQAs DM D720 12 E
L720DS 1 7 A DRk E B XU HPLC 74T
SMEIZZEE IR, CA L 7HD CQAs D
S8 WAy v A TS B X BRI R
DT & BRIFIZHES 5 &2 ikE L7k
(E3),

3) WYY aEHORKEIRG,S CA L THE
D CQAs M T 5 54128 VT, LD
80% (viv) =% /7 — )& HHGEEIZHW
7-F F, MR EEE & R o Rt &
75776

4) ThFETS-CQADHYmE L TE=R SN
TWRFIZOWT, SHEORIEL LT
B CEHL2bODAFURETH- 722 L
Mo, FNOHLBESOENLVENARLK % KD

K1 YYTIEEETOT7TRBOETESD 7 x4 1L FFEEOHEMRERE

N e EIN EAEEER = BNBERR
t&a CAS BHR&E= (326 nm) NTE (RRF)
3-caffeoylquinic acid 906-33-2 19,300 £ 300 354.31 1.005
4-caffeoylquinic acid 905-99-7 17,300 £ 200 354.31 1.121
5-caffeoylquinic acid 327-97-9 19,400 £ 300 354.31 1.0
3,4-dicaffeoylquinic acid 14534-61-3 33,700 £ 400 516.45 0.839
3,5-dicaffeoylquinic acid 2450-53-5 29,600 £ 500 516.45 0.955
4 5-dicaffeoylquinic acid 32451-88-0 35,000 £ 600 516.45 0.808
3,4,5-tricaffeoylquinic acid 86632-03-3 45,500 £ 800 678.59 0.817

XEEER 2V » 5B AL - 5dE
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3,5-diCQA =——>
60,000 +
3
< 40,000 5-CQA
=
a 3,4-diCQA
g |
<€
20,0007 4,5-diCQA
4-CQA 1
| CA 3.4,5-riCQA
3-CQA 1 lU l
0 A Ul_ A A A
T T T T T
10 15 20 25 30
REFIFE (4)

K3 Yy~ EXEEFRASE [TV0sS5] EHF0rOY NI T L
M OBHOERETIFIZE 2 28R

<HPLC# s>
717/, Cadenza CD-C18
<ihHiRE> (Imtakttt, PIE4.6mmx250mm, K FE3um)

BEER: (A)7K:FE£=100:0.2,
##1 (250mg) B)F7Er=kUIL
< SEBESM 7% (B) — 40%(B), 335/ (1%/min)
(2N - H
| 80%(v/\) TH/ =)L . A;’;ﬁj lg?,é/ min
(1E8:9mL, 2E18E3EH:8mL) oo
HELEAZ: bl

BE R RER (40£5kHz) ICAN,
37°CThn Bt
I

SRR <H7AANFFBREOHHR>

|
C = [(Asampie = Aintercept) X Vsampie X d x RRF
D58 (1870xg, 25°C, 1557) ES M Y
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= . C: h7 cAACIFFELE (ug/9)

IS *ﬁ

(5] == Asompie - &NT AL BEOE— T
SE O THEL EEEADERE, Antercopt’ TREISDYIR

80% I5/—=)LT25mLICER N
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T, EVEERBEGTEN»SOERTIRL

72 M xS FR 3% (Relative Response Factor :

RRF) Z8 L, #Hd=ms LCERT S

ZEEWREE L, Thbb, CABIY

S-CQA X FNZFNOEMm T H W TIER L

B TERLT, oo 6D

CQAs 13 5-CQA THERK L 72 #mifi & Fva T

5-CQA MM & & L CTlll%E L727%, RRF &%

L2%Z&I24) 4% CQAs ffixtiE s L CTH

W32k L7,

%8B, RRF x W/ gmiEld, KEdh oA
VIIREY PO FEF Y OEE
KHHWHRTBY, EELDOAFICESTLE
Mz oMb, EBRBIED LML 22 L
WO R ED BB, PO EEZMA Iz 3
GO CA L 7THD CQAs DI3HT 7 DIk
I 4R L72EBYTH A,

KT, EERERE, ERIRER X O
2DV CRERANC RD L 7o M e R 2 T IE 38 % fR K
L, BREMESETNEE 1206 - 720 ic & ) 3T
& DAY <A TG ORI S TR
TH 5 CA R CQAs 2PN T & T\ % 2 % MET
T HRMENEREE 2T - 720 Thbb, 7 A
B 3 bF 4 (AOAC) OHF A K74 »icHkD
&, RBHCH Yy v A TEEEHIFADLOM
172 CA & CQAs DIRED 7 % 3 DT
EENENHEMLT, —HH720 2 KIEOHIE
ATV, ZOMER R4 5 5 OMKEYEL TH
952 LT, MMEIERZERS 5 LRI
B RE CONMAEE LR L7z Y~ A
EEH TORMAPGRER T, ApH@minL 7
CA & CQAs D lZxtd 2 M #/EIC & 1 [T
SN2 mEDOEEGTH S BUED 3,4,5-riCQA &
B < T HEOGHARIZB VT 93.9 ~ 101.0% T
& o720 AOAC W IRFERICED IZFFHREEND
AL LR L8 25, SHidLRTHD
7 B9 R TUT B\ T EERATHRES #i P Y 12 IL
F 0, EREAEETIEEICHE S 72450 CoRIEE
WIEMES RN EDVRENT WS, T/,
BEVEETIESE 2D CEF 10 MO D & Lo s
OEH L 7T IR EE R 22 B & OV PR3

MR EE R 22, 2N EN 1.3 ~ 3.3%, 1.9 ~ 5.5%
DHEHFTHY, ¥V <A EHEHTDOCA L THE
D CQAs DT RIF L BHATHE B L OEA
FHMZRTZ EPHREEN TV S 2, AOAC
DOHA KT ICEBE, 2T TOEMILF
AERDOFE R 5 E R E N7z Horwitz 22U
DEHFFEOWRE (Heh%) 2AAL TPl
SN B B ADS R 22 1 % 3R
ETORYE LI L RO SN R T
A HE (R 25 D [ A 0.3 < HorRat < 1.3 T&
B LR D AT EDG S 7z LT
52, KWFRIZBT 55T, 8KSD
HorRat 250.5 ~ 1.0 D#EFHTH > 72728, {iijd
D IHREEE DS & 7z &I S 7z 2,

3. YUY A EEEIAKB TULES |

I2H T3 CAH &V CQAs D EBAL

Bl LE 8

YA TOMEEIZES, ERBLUOET
Wl ENTws, 22T, 4y~ EXEMH
W [TWwWB 9 | o EEE 3EAMIZST T,
FNENOIMICEETNS CA B LU CQAs D
Hx FElOBE S BE 2 TR MR SN
e THE Lic, ZORE, 2013444
WU AR R AE 2 & —  (HRIRAFZE L )
TN/ [TnB) | OFEHFLEETIICA
L TH D CQAs S S 7228, EMIZB W
Tl 3,4,5-triCQA D AR FLL T CTE = T
Ehdol. ¥, CA L THO® CQAs DEET
i, EHTHRDBL 41,532 pg/e- CWETH
D, % (12,176 pg/g- &) DK 3.4 65, I
1 (9,003 pg/e- W E) DK 4.61ETH > 72,
—HT[Twb) ]| oL, EMBIURIIE
1745 CABLUCQAs DAFIIK 5 IZ/R L7z &
N, T X DM H B T LIRS NI,
Tabb, EHTIE3, 5-diCQA DK LELLE
FNTHBY (612%), RW\T5-CQA (12.8%),
3,4-diCQA (11.7%) DIHTH o7z (K 5A), ¥
B L ZEITB TS FEFKIC 3,5-diCQA D& =
M D % <, 3,4-diCQA B X U 5-CQA b £ <
HEIENTBD, TIN5 3D CQAs DAFIE
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3,4,5-triCQA CA 3-CQA

0.1% \,w 1.0% 4.3%

4,5-diCQA \

: ¥ 4-CQA

5.3% \:EE 3.6%

EEE -
3,4-diCQA
3,6-diCQA 11.7%
61.2%
3,4,5-triCQA CA 3-CQA
0.2% \= 2.2%
45-diCQA__~ 4-CQA
7.1% \ 5.6%

3,4-diCQA
21.7%

CA 3-CQA
0.5%\ 3.5%
4,5-diCQA s 4-CQA
4.4% \ 4.7%
35-diCQA hodels
34.0% :

3,4-diCQA
28.6%

K5 4 V~1 EEZEZEFARKE [TV0E5] OES (A), BF B), £ (C) ICBWBH T F 1L FFE

FRAARR

M OREIROEREMRIIE 2 2 2]

WERD 85% L L& HoTwiz, LaL, %
W2 BT A 3,5-diCQA, 3,4-diCQA B X UF 5-CQA
DERITE D BEEITENEFN 34.0%, 28.6%,
245% (H5B) THH, ETIEENEN 38.1%,
21.7%, 24.9% (R5C) THBHI b, EHL
72354, T & 2 Tld 3,5-diCQA D EIE )T
K <, 34-diCQA & 5-CQA DEEDEH W &2
ML 72,

4, YU/ EEE 19 5lE - RFEDO
CAHLU' CQAs DEE
JUIN AR SR ZE 2 > & — (RBIATFZE#L A
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T20124ED 5 AIZINEES 724> < A T 19 &
- RoEFEH L LT, H—REBREIC
BOWTHLYM AR L 2OWETCABIV
CQAs DEFZATV, HEHHDZNS I =D
ffE - RIS B B I A 1T 0 720 2 DFER,
HeDrF7IZmLzEde, [TwsH] &
FULEEPRBTHLY Y <A E 10 M -
I H D CA & 7D CQAs DEFHE (CQAs
Maim) 13 29,468 ~ 53,678 Wg/g- Y E O T
TP 42,022 pglg- e ETH o 720 — A,
P A BEGPIZT VN T U DEET S
LX), EPEOELTWD 9miE - R
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60,000 7 B3,4,5-triCQA H 4,5-diCQA
m 3,5-diCQA 0 3,4-diCQA
50,000 4 @5-CQA 04-CQA
0 3-CQA mCA

40,000 A

30,000 A

20,000 H

A7 AAINFFBEE (ug/g-E2HE)

10,000 A

O = T T - T - T T T

ESNERBDME R

EGNREDMIE R

X6 YA EIQHRE  RIEOEFSFOH T 1AM IV X STBRIEEE
M OBMHOEREHFIZE 2 #8R

#EH D CQAs # i 1E 11,209 ~ 29,581 pg/g- #24
T OFPH TP 20,464 pg/g- W ETH -

Al - R T 5-CQA DA% <, AEIHIE L
BN BWTIIESOMIZ L ) CQAs DL

72 ZD72%, AREE LYY < A T - WELZLMENTHLEZEDRHL D E o7,

%%’@%éﬂtﬁlf@%%fi%éﬁ,ﬁ

% R 5L D CQAs D EHLY FbYIC

ZNWZ EDIRENT, KA DOWIET N —TDRESL L2y <A E
F7, YUY AEEH O CQAs IZDOWT, Y OCAB L O7H O CQAs (3-CQA,

et 23 253EY (10 B - 2% oFbTid
i, B2 2T2%EE (9 M- R o
HFCIERED 7 W - R T 3,4,5-triCQA A3
HWIRFRD T CERTE R o725, U
D CA L 6D CQAs IZTXRTDMHE - ZfED
WHIZBWTIHAET LI EHH L, 77,
WFNROME - RFEICBW T, 3D CQAs
(3,5-diCQA, 3,4-diCQA, 5-CQA) D& EHEDS
EIRD 84.6% ~ 94.0% x HOTBY, 5123
D CQAs DHTIE 1 il % T, 3,5-diCQA
PbELEENTVA, L, £z s
TAHEHTIE, oMl - FFETRTITBVT,
3,4-diCQA 255-CQA L W &£ << HF N Twi-—
FT, e ET2ESTIPEIETH L7

4-CQA, 5-CQA, 3,4-diCQA, 3,5-diCQA,
4,5-diCQA, 3,4,5-triCQA) DT IS AT &
28 (RRF) # W22 & T, 2l ATTHE
72 CA & 5-CQA DA Z FEHEM I L Tl fE
THbHI M, MELRFHETERTE, o
S % 82813006 ET 5 X OVHPLC & —fi%
HTHHZErLAHBEEwEEZ NS,
F72, CQAs I3REA4 R EREMIZEAEINT
BY, LOHFEEICBWTERT 2EE0
ZVERBEVEL S D— D THh B, FDI205TE,
Fy A BEEBLOBRIRZ T TIER L, B
TEEFICODERGIEAEATES LHICLT
w%f:wo
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Abstract

Oyster, Crassostrea gigas, decreased cholesterol and triglyceride concentrations in serum and liver

of SD rats, and their effects were thought to be in part exerted by taurine and lipid components such as

n-3 polyunsaturated fatty acids and plant sterols. Feeding defatted oyster lowered serum triglyceride

and liver cholesterol and triglyceride levels. Hypolipidemic activities of oyster may be ascribed to

both the lipid and the non-lipid fractions. Oyster high-molecular-weight extract fraction hydrolyzed by

proteases reduced serum cholesterol concentration, and oyster low-molecular-weight extract fraction

effectively induced hypotriglyceridemic effect. Oyster and its extract improve lipid metabolism,

and it shows promise in the development of novel physiologically functional food for preventing

cardiovascular disease.
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(9) (9 (9) (9)
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LF/—ILEZIBIEXZI B2
(mg) (mg) (ug) (mg) (mg)

(é%#i) 85.0 6.6 1.4 47

L@ds 874 3.3 3.8 4.8

1.9 13.2 22 0.04 0.14

Tr 0.4 38 0.04 0.15
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WD RIGHREEIC ] 5N 2 BB (Aberrant
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71 F T ¥ A O KIGHEHEENH B & OEEHDH]
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