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Physical Properties of Foods and Effects of Water on Them XIII
Texture Design of Foods Using Hydrocolloids

Takahiro FUNAMI

San—Ei Gen FEL, Inc., 1-1-11, Sanwa—cho, Toyonaka, Osaka 561-8588, JAPAN

Texture is important in terms of both food palatability and the safety of eating. Recently, the
importance of texture has been emphasized for the development of nursing—care foods in this aged
society, where the number of patients with mastication and swallowing difficulties is increasing.
Texture design of these food products is now one of the most important tasks in the food industry
in Japan. Texture of these food products should be modified by modulating viscoelasticity using
hydrocolloids so that they can be easily transformed into ‘ready-to-swallow’ bolus during oral
processing. This article reviews the importance of texture as an essential attribute of foods and
also the usefulness of hydrocolloids as an ingredient to modify food texture. The article also
covers recent trials by the author’s research team on bolus rheology and iz vivo acoustic analysis
during swallowing. The trials are to find some objective parameters describing the mastication and
swallowing eases as an alternative to conventional bulk rheology and subjective sensory analysis.
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TOAFy - EEMHEICIENT, OEHEE LU
MHBEA CREBE X N 5 B O J1% I I K OB HEE O %%
hkThd. FrAFv—IL, 5T, k1, Mg Bk
Uil 2 GO BN ERO I, BHE, kX O
REIZXHS>THIES., F7AFy—FEMRDODBVL X
DH30% % s nwbh Tk, ZTHk M, /8
HWEEoFEr QROARECKEISERTS2D) 2R
L, ZOHEBRIFIX5IZEW [3]. EERRE RIS F
I 2AF v —BLOCZNINHETE 7L - —DEL%
BT DEZENBOLAZUNEDENS.

MLBEMOT 7 2F v —idNNA Fraa4 FORM
ICkoTHETES. N Fuaoq Feid, BEE10
~1000 nm DR T 4%, AKEFEHMHIZHEL T B IREE
WD [4]. HBHVEEDO LD v 4 FIREEE HIH S
29Il EGDKRA T THH XN 5 L REHES
A VISOEAERT (5], A FaawA Mg, H5K, 7
b, PRk, ek, e, RERRK, &, fbxE
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Fig. 1 Source of food polysaccharides in nature.
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EATBHRAN) ICEEL, ToRMASNMTH B %N
BExE SFLEFHELALTED, 772 A2AF v —
DARO%EL, ZFL—=—N—DATEMERETZ L0
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b3, L rOEREIRIO AL LM FIZES £ T
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PIZPEF LU (Fig. 2), —EOORESEHRNETIE L < T
bh T3 [10]. & b OEEMAEL Fig. 3128 TET
LTERTIENTES [11]. ZKITISREAZZ DM
PENEREETLICE VT, xilldifl2mL, B
5 ONTHMT2. yHIZHEE 2 ZDOEAVER
L, BELEEEORMNDHETT DI ONTHNT 5. 2
IIREDOEAWER L, HEAET T 21220 TR
PF B ZoOETFTLICENE, BEOEAWVE
ABCD KO FHIO LV NLETIKFEHZ EEBITWHS
2 EDEAWE T EFGH DAl L ~JL TR &
w3 ZET, BEERIRERIZIZCD CHE RN T 3IRMEIC
55, A7 —F0O LS HRERERTIE, BIHE2EX
TEHDICHBC K > ThEZBUEL, < 5ICHERE
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Fig. 2 A diagram of human oral organs associated with food
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consumption.
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In-mouth process model from mastication to swallowing. Cited from Hutching & Lillford (1988),

Journal of Texture Studies, 19, 103-115 with modification.

WRAELTEREWONIZT LI LB ETH DDITH
L, WERRLAEHEIZ NS NMEFRETRERAKT 22
ERTELLDTSICHENT I ENTES. [EERR
BERmEBERERTE FOBETIHE LR L 254, [
RRERDOS2 [WFRy 7 2] IZFET S5 FTICK
DRIFMAZZL, S5ICHET TE 32REDOEHNEK
ENBFETICLDRKELMELLEZ 5. WIKRER
IZHNRTEHEBRERTED TV AF v —2HEHELLED
BMEELTUTO3IDAEZ 6N 5 [12,13]. 1) IR
BRI THERRE RO A EEBTIC T 5 115
Ff 2, B EXORMBEOZENKRE VT &, 2) R
B AT ARIR B D 7 AY I IPE N O R I R 8 =
WZk, 3) b MIKD XOMMEICNT ARENENT
& [14].
EARERS 20V T LIRBEROBIETIET 7 2
F o —OHH VB NPICEHETH I HBb» 3.

3. NMROaO4 KOs

NA FaaaA FOFXLbERzFHTsZ TR

mDT I AF X —%HlfHITEIENTES. Yl
NA FPaauf FOFELEBETHD, ZD20A
Feau4 FOUIIL—FILEERIZET TR NEKAIS
ThbhTns, N Fuoaaq FOVIL—r s,
VA a Y-, #ordr, SRR, M i, MK
g, ErAE U, HTBEOEBE S E, Heo
YR LN F RIS L > T TtE 5. N Fuaua 4
FDVUIL—FLEERBIZONWTINE TELL OEN K&
ENTVBRIZE22bET, FTLVNILOHREE TIE
FETETOEVOLBIRTH B.

REM LI MALAIELTHIXEF VBV 2T v H
LD AR/ T HEE & OB CRtim S T %
[15-17]. WIRREIZ BT, WO LHEES 1
BUZ k> TIERT 87 v 42040 (—ARS) s &

. WwHNC k> THHMWED & 5 4 TN u 7 2N EHE
WEFE L, EHI2F TN v o XL BAEBE R
T 7 VTFILT =L AN EDOFOEREAIC X 5> TR
L, B r LA 5. i8R E BT 50
F I VO FTRER-AIZL BN v 7 ZBE/ AL
M, BeEMESBINL, 2R TV — s
BIZBI 28 27 ¥ 20838kT 5. BRMEEHD
7 ALK % Fig. 4 IZBRAGITRT.
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Fig. 4 Gelation mechanism of food polysaccharides (schematic
drawing).



4 fis W

E )

bhwv, B T0aAVvkA—v g VEZER»SD T
V=N =R BT 528, ZhizonTidsgly
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BRRFHEDOH BN v o 2 (FLVIKEE), E5560
AVAA—Y a3 VDOEXIIHRWE L LML KEAT S
MENH ZEFRIKECHETH S (8 B5HA, WY
BoOHAKERHERMEIC L > T FERL D). HT
AP LU TREOREZ S LO T Z T T
BWME (v O WPEROBEAWE & B VI ECR A
WPE) I EEERITY. 72, FILOEEKIC G HE
ERIET. BEARIZ T L — N — ORI L W S
TRIFEFLWEARH L. Thbb, HANZWIZTE
BAMSIKL [21], Z2hiIEBHEDOY 2 — ¥ —EE KR
MEDORBRERT Th 5 [22]. Kk, HEAZEROR
BEVWIEPEARBEHE L BVWEADRH B, LX<

IZHE N ROGE, MRS ADIEETHED Y 2 7 H
BE S, THIKRPEFMIHRS PSS Z LICBRA S

D, WP AFERT S I LN H B [10]. W—Dn
A Fgaaf FARMICKD 5N 52 TOEMNZE
TH5EDOTIE AL, LER->TRDONBBEREIZL >
THYNRIRT 206 LR H 5. HEDONA Fuoao A
FETLY TR ENFEHNEMIETHE LA
5. HEEOMBLMARBORR D20, fisD
N Fuaaf FORMEZETTEL 26 OHERE
IZOWTE KBTI 0EDNH 5.

4. TIVAFv—&ETL—N—HH

EIPENIZ 3515 5 BRBERRE 13 B S ORI & i 7 )Lk
JEORNNZ K DIRDT 5 Z & BNEERICHED O 5 Tn
5. Wl LT NI DA, BT oA VHBVITEAR
DREBEBFUE I A <7< L ONEIZEL 5 [23].

FURERICE T 2 WO REIRE I, LEES L
(P2 Hb, k—hoxFy, TAFVBHILY D AL,
BXUOFEHyvarviis,/ a—-—s 2 -V H oMy
L) OWEWTEAPIRDT B2 L 20 - TN % [24].
WM EAINE L, o T 2 2F v — D7 VI ERERM
OB TESICHE L, BORMREASENT 5 2
Sk D N TR & Bl LR < %55 720 Tk A &
CRFTVEELLGNDS. FEE BHOTPERTREZER
DOIFRHIC L > TRED ZEPWMEINTEHD, 272
TS Wlzi1E, ¥—Fvv) /XL, Hhic
SV AR Y vy —F-) FEREL< LD [25]. D
F0, BICKI 27 VRTOH A X%, WK E DOHEE
FEFH E WS T T L — N — DL RS |2 5 4 RIF T
MOFEEETIE, HREBU®R+HbELRENE T L —
IN—GRIED, fA DOBEMEE,r SFTHL 72T — 7
L DOFEWTIS SO & - THEARNZIKD T2 Z & 298
ENTVW3B[26]. L2Lars, ¥35Fryorividll

EAEDE RIS, Yo vHa (K7 VLR &4
VAVHL/ T—H A=V HAHERHO T IVIEEGE
WMEDETHINESTS. €7 F 27 LnE Cuks )
ERTMO 7 IR T T L =3 — DR RIS H i < 7
L0F7 I ORMBEEE MRV 20 TH D, Zhickb T
L= N—DRRIERE NI h b, fFHIr LTI L —
IN— DREEBRE MK B 2 BHEEE LR L, #Ehic

SWT I 2AF ¥ —I2XkB8DTHD, 7L —IN—FH5H
FAOHRIZEACAD 6 b & &3z, BILOMERE OB
fli IR DT 5 Z L2k B, T L —3— DRERERIE A
A0 (BEBXOCHEE) XD LAT I AF v —
IZk o THELEZT R LW WEE 55 [27].

WkE LU= 2 PIRESTE, ZHE (7L ¥ Vi,
ANKFVAFLELT—R, BLXUOY7—H2L) K
Bz & ZREBMNC X 5T 7 L — 73— O GRIE ALk
P43 [24]. 7 L — 73— OREHIRIE IR DI &k >
THHIZHRADT 2D Cldan., —EIRE E TR
BERELLEVWD, T4 LEEDAVIRETH S C
BB D ERISEA L, ThESEHOMEICLS
FHLTH B, Sz sE, LHEIERTEES Y
ALIA4 NI E BB, 7LV —3— DRI
RFTEHHEOBEL ¢ THBbchs w32k T
b5, KEOINZXD 7L — 35— DHLEUR B A IR
L, ZV—N—DREHEEENMITT28DEEFL6N
5. ZREEEN 7 L —N— ORI IZ TS BIR
—WWHEFEROBE» 6 B FHTE 5. N4 FaF
STUBENLAFLELT—ZAELPA—H TEF YOG
Mz kv, BIPENOEF KR TIREIIZL 50 E»
bHoT, WBRBIOH -1 v T L —N—DRERHR
BERE IS T B Z RN TS [28].

EERES KOCHEREROVThIZEWTE, N, P
g2 FEHWTERDT 2 2AF v —&HHi§+5 2
EICKD, JVv-—N—-DORUEREEHBE XL &,
EHICET I AF v —OFEHIZ I D BXNICHFE LW
TLU ==L, IFEL{ AV TL—IN—%4T2
FULTEDZLAMRTINBEND B,

5. TV AF v —ENFERHE

T AF v —EHUNEEE L D & KA B
TAEMONFEHEGRSD S, Thide b O
R E2ZZTHEISE > T3, HEE, RTlATE
N EERRER T, BUNEBHIEO W2 28 5 J1% R
PEd e b OHBETENCIE A BB E KT L0, &
AN T0% %A 5 KER (BEIC X > Tk E AL
FOER) BT SRR E RIS 2 LA
HIRNTWB [29]. i, HEDOHBTHULIHL TER
THEIBERHLOELPVERTLHTHATENRS &M
ERIBRDOFER S WG X N7z [30]. KREFEOL AT Y —
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Fig. 5 Force-deformation curves for uniaxial compression of
polysaccharide gels. Cylindrical gels of 20 mm in diameter
and 30 mm in height were compressed at 10 mm/min. The
curves Gy (pattern I) and Gy (pattern II) occurred with
approximately equal probability. Cited from Nishinari et al.
(1980), Nippon Shokuhin Kogyo Gakkaishi, 27, 227-233 with
modification.

NEHEIEETH 32, MNEFEHEKOL AT Y —
IR TR RO HEL <, 2 O PG & Fig 4
BTENHELOVORBIRTS 5.

KETEIRIZ BT 5 BHOIIEEEIWIGH, &
DODEEIZK > AR N 5 L Z2DIBHIZ K - T
Al E M B H/AE D, BEREER TS & 7
ML XS0 H 5. —J7, MBEBICRT I8 —
EAMBROMEZ 2 SR ERD D Z LN TES.
T, BEWTIG ) & RPN R R B T L ISR
TEMEND L. BRIEA4A%W/N) DFER TN L RE
25%(w/v) DX T F VL & ik U 72354, mi#RI35E
RKTINDTFWRKE NS, WG EIZEY T F 2 OFRKE
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W (Fig. 5) [31]. 72 2F v — L OBE I, WMEE
i “firmness’ & % WM& ‘hardness’ (WFh i) &B4
R ERNDIZHE U, B Wi 8RB WG /713 ‘toughness’ (5
&) & B\ ik ‘chewiness’ (AL Z) & &, ‘firmness’
IZ ‘springiness’ (#J11:) X ‘cohesiveness’ (k1= &
EEDRE) EEDOERAEED LV EMET 2 XA F v —
&Y & PR R, BRSO E OB T L & R
M firm’ & % E ‘hard’ & EHilT B DI Tld .

BT 7 ZAF v — OFBIIE & U T Texture Profile
Analysis (TPA) 28 & < v & f1 5. TPA iZ General
Foods OWf4¢ 27" L — 712 & - CTHA¥E & 1 [32,33], BifE,
HATE, WHEATPEET 2R @R s o
3 [ZA TR QHERE2775) OAESL
ELTHRAIh TS,

TPA TiE, ~EDOKRESIBIOBRIZBEL &M
iAFt%, GF Texturometer (USA), Instron (MA, USA),
& 52 TA-XT2 (Stable Micro System, Surrey, UK)
BEDRBIIZEE LT 7 v Yy —EHOT—EMR
T2 mkEfidT s Ty vy —0#Eide Lo
HIF AL T3, 770y vy —DORMBIZERR
BEHFLWLHEIWVIERELITXRETHD, FEEIL
W 90% L ETH B [34]. ZDKIITL TR N4
HO(RS) — MW (EA) Hh#E TPARHR & & &
TPA i # »» & [ » 7= & | (hardness), [ & A & |
(fracturability & % ) i3 brittleness), [ %5 # [nl 13 14 |
(springiness), [# #7171 (cohesiveness), ¥ & O [f
1] (adhesiveness) s ED—WISF x — &, [H s
(gumminess) ¥ & O° [MHIFY: ] (chewiness) & & @
KIST A= %KD ENTE S [34]. REM L
TPA Hh# & AR O ER CR® ) % Fig. 61287
T2 AF 20 X — 4 — (Texturometer) 1377 ¥ v —
DERBHRE A —E DB A TENT S & &S IZHIIRD
MEEE L) EShoME L R 5. ftho B
TRT 7 v Yy =3l THERIKOHE % i <

Second bite —— =

™= Upstroke

*Hardness: H, (N/m?)
*Cohesiveness: A,/A, (no dimension)

*Adhesiveness: A; (N/m2-s)

Springiness = L,-L, or L,/L, (m)

A3
Distance L,
>

Time or distance

Adhesive force

——

Distance L,

*Parameters required as the criteria of ‘Foods
for dysphagia patients (people with
swallowing difficulty)’ by the Consumer
Affairs Agency of Japanese Government.

Fig. 6 Representative Texture Profile Analysis (TPA) curve and the definition of each TPA characteristic.
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TPANSHRENBK/ST A —2iF TR Ty L T
RS DT AL, FWVITHEE L Tw5b. wilt, FU
B E W TR A 2B THEL 2854, fHohb
WRALFLERA U THL, L ITEHVWEREE (K
Z1E 10 mm/s) 1Sk 5 [fHEM] & [EEM] ot
ERIEMICEZEm A ALN S Z EARE RT3 [35].
ks, TPAFMED ¢ F ORERMEE B LE L &
WZEIIHBTAIRVENH L. AL, TPARLES
N3 [z | FEFBICHED AEE (D bDIXEFRR)
THbh, TPAPLHONS [1z&] e b KT
Bz 3 ML —KLaw. TPA» 55605 [}
HMW L MRS 2RI, TPA» 68615 [
Hlhl L MRS EEEDRIIOVTEEMT
b5,

AWENTD T 7 ZF v — OF—HRITKETEHERIC
BIALAuv - L0 EMNEHICEITS L4
V—HOHNLOBERL TR LEELZOR, ZDY
A, KM R FNs L Un) oA EMT 7 2
Fr— L CHREAERE 54 %. BROIFRNT
LTI AF v — DR ERERT 2 HE, KEEHEE L
WUNE IR O T OPE A175 TN E L,

6. TUVARF v —AOFL-LET7T7O-F

6.1 BRLAOY —

TAIZIHEIZ L > THIRE KE I NEL L, mikK
ZIE RIS L 22 RE L 2 B [10]. PHIEREE AR & B
WIRERERREM A EET S L CEELROEEETH
D, HEIZK>TEMTIHA NS BRTOEAKE R
D, WKL LSBEMENTHO2ABELS. B
DRTFHA X, WHE»E, BLUFLFDNEDOH
IR L ZICHE N EINS [36]. 2D KH %
B, s, BEHOWH LD & BB 3 2 58 A N

TEOT IV 2F v —2WlHT5-00HEELT I a—
FLib, ZOES T T —FET I AF v —W%
T2 ST TR, HERLF Y AEE, W
Bk R 2T O AR [l AR £ [25,37-39] & B 0 A
HHEOBONMH[40] 288 > IX 5 DOMRARTH D, I
TEOFME LTI FHET 28R E LTOT
NFIFEAEWDR TGN, KT, YU =Y v 4
BEDTIIREMIZDONT, AL oY — LERK
BEART ORI RET & h, W NAFERT S EHE
BERE U TEBOMEELRRD EFsh T b [41].
ZOMERIE, BEAMIEHE A @R T 5 & 203 ) Mg
ZHBLUTHE LT ORENIET 284 X/3 5 L
FOaY—=INTRA—=ATH5B WD T [42] i OH
AFAThD. BION W EEE (L& E0) 2
TEEELRTE5EH1D0HEBELEL AT Y =85 X —
ATHD, ZTHRIEHEEEFEFIL [43] TERI ATV
5. WFRIZLTE, HOENTOMIZESIZ, whlc
fEHICERARARAD ZREO B 5 508, W
BOF I AF v —FTHFA VIZESTEETH S,

B2 DAVl AR 5 R = S el £ 5 e R 1 3N
7% [44] T, 7Lk % A THERTAE F B & OIET
16T THMICHEEIHB S 2 2 &Itk ET L AHLAE
L, VAP —llEN L ST D, I T
NEYIav—4 (Fig. 7) #Hw, P77V Y v —
WIZE D L ERR ARSI L, (V32 —4D
W F & OGO 5413 Fig. 7 22M). LFET
NELTRT YN 25V H b (LT, V2oV Hb)
HokD 7y v (BHEMEZOBRNTIL) BEUOY 2TV
HLEHFA VT LY = FHF L0y v (N ER
EEDIL) AHWE 22T, VgV H AR
IZ&->THONBLHETHY, D-Z L2 —2, D-Z )
sa Vg D-ZLaA—2A, L-F L —ADHDIE LK
BrE/v—ET5. FELT, FHE-—LEY —¥

Plunger: ¢ 50 mm, flat, acrylic resin
Clearance: 2 mm
Vertical compression: 17.8 mm/s

Rotational shearing: 12 °/s

N Artificial (simulated) saliva: 0 - 1.0 mL

~

Gel sample: ¢ 20 mm x H 10 mm (4.5 g)

Fig. 7 Instrumental mastication simulator. Cited from Ishihara et al. (2011), Food Hydrocolloids, 25, 1210-1218 with modification.
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Fig. 8 Frequency-dependence of dynamic mechanical loss tangent tan ¢ for model bolus. (a) in the absence of artificial saliva; (b)

in the presence of 0.5 ml artificial saliva; (c) in the presence of 1.0 ml artificial saliva. Measurements were carried out at 20°C at

a fixed strain of 1% within the frequency range of 0.01-100 rad/s. O: 1.0% gellan/psyllium composite gel (1,000 Pa compression

stress); @: 1.5% gellan/psyllium composite gel (4,000 Pa compression stress); £: 0.075% gellan single gel (1,000 Pa compression

stress); 4a: 0.15% gellan single gel (4,000 Pa compression stress). Compression stress is the determination at 67% strain and at 10
mm/s. Data are presented as means = SD of triplicate. Cited from Ishihara et al. (2011), Food Hydrocolloids, 25, 1016-1024 with

modification.
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Fig. 9 Representative profile of the swallowing sound (in the case of water). Each oral event is assigned to
the closure of the epiglottis (¢), the flow of food bolus (¢,), and the opening of the epiglottis (¢;) in order
of occurrence. Cited from Ishihara et al. (2011), Food Hydrocolloids, 25, 1016-1024.
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Fig. 10 Duration of each oral event during swallowing for
polysaccharide gels. Open: the closure of the epiglottis #;
diagonal: the flow of food bolus #,; dotted: the opening of the
epiglottis #;. Abbreviations G/S and G represent gellan/
psyllium composite gel and gellan single gel, respectively.
Numbers 1,000 and 4,000 represent the compression stress in
Pa at 67% strain and at 10 mm/s. Data are presented as means
=+ SD of seven subjects. Data with different superscripts are
significantly different (p < 0.05) when compared within the
same treatment group. Cited from Ishihara et al. (2011), Food
Hydrocolloids, 25, 1016-1024.
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Fig. 11 Acoustic balance ratio of the swallowing sound for

polysaccharide gels. Abbreviations G/S and G represent
gellan/psyllium composite gel and gellan single gel,
respectively. Numbers 1,000 and 4,000 represent the
compression stress in Pa at 67% strain and at 10 mm/s The
ratio of the sound pressure (in dB) at a high-frequency
(3.0-4.5 kHz) range to that at a low-frequency (0.3-0.9 kHz)
range was determined. Data are presented as means *+
SD of seven subjects. Data with different superscripts are
significantly different (p < 0.05). Cited from Ishihara et al.
(2011), Food Hydrocolloids, 25, 1016-1024.
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Sensory adhesiveness
Sensory cohesiveness (bolus formation)
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Sensory swallowing ease
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Fig. 12 Sensory scores during swallowing for polysaccharide gels. Abbreviations G/S and G represent gellan/psyllium composite
gel and gellan single gel, respectively. Numbers 1,000 and 4,000 represent the compression stress in Pa at 67% strain and at 10 mm,
Each sensory attribute was evaluated on a structured 5-degree scale; the larger the score, the greater the perceived intensity is for
each sensory attribute. Data are means = SD of seven subjects. Data with different superscripts are significantly different (p <
0.05). Cited from Ishihara et al. (2011), Food Hydrocolloids, 25, 1016-1024.
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