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Evaluation of the Structure Modification and Moisture State Change
of a Fish Paste Sausage Induced in the Forced Ventilation Drying.

Yasuyuki KonisHI*! *2, Jun-ichi HorucHI** and Masayoshi KOBAYASHI*®

Abstract

Evaluating moisture transfer mechanism of foods during drying, pore structure of food solids
and moisture states distributed in food matrix were studied in detail by using fish paste sausage
which was previously prepared in uniformly distributied moisture at a given moisture content (Wo)
due to the poultice up process. The pore structure modification caused by the progress of dehy-
dration was directly examined with scanning electron microscopy (SEM) photographs and quantita-
tively evaluated by a void fraction (V) given as the ratio of void area against total area. V; drastically
changed at Wo=100%-d. b. with ¥,=0.04 (£0.03) in region I (Wo>100%-d. b.) and V;=0.3 (£
0.08) in region II (We<100%-d. b.). The dynamic change in moisture states was evaluated by the
graphical analysis of temperature programmed desorption (TPD) profiles and the results obtained
proposed three different states, namely free water, multi-layered adsorbed water and gaseous
water, which consistently belonged to the region I for the former two and region II for the latter.
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DR TP DEKEORIIT 2 KSR BEOB 2 WE L, K0 BEISHEII%E
PRI X 72 IE IR TH 0, EKEKERCTIIAREHER TH L L EB L TWL, L
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2—1. BREREE

EBRIHEH L 7B R E FFig. 1 @IRT. REBIIRERE, c—%, @HREICLDER
ENTVAE, ERAZRIINRE RERRIC L VBRI TMICEAL, ¥ —Ak—% (H71130W)
WL DRBREREICNAINS, M S NERAERI, B2 &N LREANRERIERTIC
THRELZEZBRLZOKFAOL VIR EN S, ZORBEBRET TORBEERIEIZH0.7m/s12
BELZ. ZRIZIEE20+3T, BE42+5%-R HONRZEZEA L, BERAZITDLRI-
7. AEHIFHI0meshd 2 7~ L AWM TTE LR (Fig. 1 -b) 128, ZRIENOKHE &
1 200mm EEIZRRE L 7-.

2—2. EBREH

AEBTIE ¢ 20X [A0mmO IR (Fig. 1-c) KEBLI-ARNY — k- V2 ERETVYHEL
LTHW., oA Y —t— V@R EREEORBE LR AR (ky 7yan) EELL
TR EPLEBRETVYEEL L TGRELZ. ABOERIINISET, MPEAKR (W) &
235%-d.b. (Bz&#HE) THoiz.
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BRI LEREES—EEE R TERIROOAZVWI E, QEENELYF—I12L5
WEEEEDREREIZB VT, ERGEHES S REERMICBITT 2RE LA OBEE R
HEhhnwi e, ZELRMET AL L VRERICBIT B TE, HihTREIQRFEETH
2% & L7z,
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LEMEDDT:. HAERTREMAEEKE (Wo) #EHIIW=49~127%-d.b. & L7z, HAETREIR,
REDPLDORGEEELMEZD7:012T7 9T (RVIFLY7400) CEHALL. HAERTRE
HOBEBRTRIL, HARTEMNOCRIRLEFAFHIITITo.
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EARRIZEAME EZEE) OEEEZHEELL, W QUIW) (%-d.b) = (KRG ER)/ (K
EfAER) X100& LTRLZ.
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WBEGZHN, ARETRIBE-REUE LTREIBEN DL LTHEITZIT-o .

2—5. TPDAIE
H IR OKG DOIEFEIREDE W E X ) BHFEICEHME T A 72012, EEEKRICHTHE L 2
OHEBE (TPD) A M %4TFo7:. To=50CICTHEDEGAKKIZHAK L 2508 2 H A ZERME
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MR T — FEl D)2t & Eesy e L7z,

2—6. SEMAIE

HABBIECLVEESKRIIHAEL-RBASBEOBED 012, EXRE FHEME
(Scanning Electron Microscope) % F\» TRREHIWT#R & E @ 518 1% (Backscattered Electron
Image) DPIEEITo72. WEREIIDAEKBREROAAY —L— YV OHREST % 5mmX 5
mmX 1mm®O/MrE LTYYHL, ERBEUER T — JICHE L RETHRESECHEL,
ZO®RBERLHICHABEICEALAEEZTTo72. HZICEHAREF7— 7 AEJSM—5310LV%
Hv, AREREZEE30Pa, IEEEISKVORESRFICTHREL /.
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: Apparatus of drying experimental
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(b) : Sample basket (c) : Shape of drying sample

Fig. 1. Schematic drawing of the apparatus used for the drying test.
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3—1. V—t—Y R HEEE K BEIRIE

IR E O BB R AT R EARISHIE L2 KT OFERESCHERELHMEIC L, 28 L TH
DI/ L DNRETH L. ThOHDBEVIIERMEOMHEE L HELMEYD S, Fig-213Tr=
S0CHDERETRBICHARREZEAL, MEADEKES M EE—L L 723EHTHE OSEM
BETH5. REWEORBIIEKENETIC L VIEBMW2REZRT. ZEMRABTHLIW
0=235%-d. b. (Fig-2 (@) TIZREE X PHELZRETH 25, W=122%-d.b. (Fig-2 (b)) T
IERBAICSEMMR L2 TR D B 5 FREE S O ERARBO b b, TIUIHBPEIZAERL
72228 (void) DYIMIE AR L TWA. Z ORISR TAR CRENAGIRI L, ek
BORD L ISV ER L EEZONS. ORIRETIIR T OKGIZEEA TIZHE
KT, ZIATRTAKRTHEELTVILDLEBRTEL, ARILIDERTH LWo=
100%-d. b.(Fig-2 (¢)) TRZMOBMBKUEHMKIIHML, FARTHET 2KGEEEGOHMD
B oTWAI EDSH5E. BIZEKEHIMET LWe=59%-d. b. (Fig-2 (d)) TIZZEMOMERKIZ
Pk 2 EFITERAITNE R EZREBERENRTWS, ZORETIIABADOKTDOKETIE
HARKGE o TVA T EDHETES.

(a) (b)

(d)

Fig. 2. SEM photographs of the dried samples for different moisture content.
(Wo=(a) : 235%-d. b., (b) : 122%~d. b., (c) : 100%~d. b. and (d) : 59%-d. b.)
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SEMBHEHIEIZ & ) 35 - ZBRAEROZEE) & E RN IZFMT 2 720 1L FoRIRTHi72
BINTA=%, ZREE (V) 2E&RLZ.
Vf=SV/Sa ............ (1)

22T, Sv:SEME{&H OvoidiEifE (m?), Sa:SEMEETORELHEME (m2) THH, Vit
SEME & Dvoid HAEDEI & 2R . VAEZ W IZxt L CHB L7246 £ % Fig. 3 ISR L7, VAl
(YL RRER BB D IRAT 2> 545 5 N7 8 T TIRLERE/DN & 2% R T4, Woe=100%-d. b. JEfET
SEICHEML, ERICRERI D6 U LOKREREE LS.
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Fig. 3. Void fraction evaluated from the SEM photographs as a function of various moisture contents.

CNOORRIVEHT (We>100%-d. b.) £ T (We<100%-d. b.) TIIASBEIHERE 2K
TOFERER &2 KRBT 2 KGR (De) DEBDKE L RE D, BIZEHBEMEHO
&R 2L % /R SEMEE & OVAEREHT DAER D 5, 2 DOFERTIEH & 212 kS BB 7R
AHIEEBMCRELTYS, IR TIEWe=235%-d. b. BRIZZEREANIT & A BB L v as
WAEDIETIZE b 2 WZEBEAEM L, FICDfEIWAEDIE TFIZE b WA IS Db b
L0, KOBENIMENZKRIIPBIRCILBBE T 2 RN TH2 LiERTEs. Ll
P TR & R BRI L, EICZBEAINS 2 ZRAERR NS b H1ZDefli b
WAEDZALIH LIZIZ—ElARTI L X0, MEHTKSEEILL F AR E % - THHES
T2 [(FAHE] BERE R THETTHEEZONS,
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3—2. VAR KELTPDICZ IR

WIRAE R OKRG OFIEREDE L L ) BFEICEFE§ 5 72012, EEEKRICHE L 2500
DRZBHE (TPD) 7 X b%47o72. To=50TCIZ THEDEKFIZHA L7588 % b AERME
2 DB EKRRIH— R EEEKRORB L LTREL, ZoRB % ARMABIEREICHSH
B p =0.5C/mini2 T210C F THIR L 2RO BAZEEBORIE 21T 7. Fig.4 ZBEKEDE
1% BiA#EE (rw=g-water/(g-h)) &TPDEffICxLC7uy hLAZTPDZO 7 74V ThH5.
BoONLTPDICERREIIABEARICEI DV KRESRL S, Wo=235%-d. b. DRAE DA, 40~
60C £ 100 C LD FEIRIZ 2 DDA EE Y — 7 2>, Wo=119%-d. b. X UWe=63%-d. b. D
HETIZI00CUTICBWTEFNFN—Elmw=0.12% 0rw=0.04 g/(g-h) 252 7-. —F, &K
PIREE (Tin) DZEBT NI EARFEDE N IZIE U TI00CHE TR THRENEELRT. Zhid
KOEBBHRISERTE2D0TH 5. (> THHEKEOKZ VWHEREE LA OFILFEIRE
{ (BREHFSH), FOEIEREME. SOZ & 2B ICHEICMS 20 2wk REPRE I
L7y b L7zDAFig. 5 Th b, BARBAKEErw(mar) % 5- 2 % i Tin (max) (IWo=235%-
d. b, B OBEE, Tin(max) =101°C, Wo=119%-d. b. TixTin (max) =104'C, Wo=63%-d.b. T
(&Tin (max) =110C L % 5. 20, B I OTin(max) EDE N X ) LB EEKE (Wo=
235%-d. b.) TIIKSFDE L ARAKTH Y, IR I OLBHEEKER (We=118%-d.b.) &
BT DDA L, BT OWe=63%-d. b. TIZKFTDE L IIHARKTH 5 L HEH
%5,
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Fig. 4. TPD profiles of the dehydration rates accompanied with the change in the sausage matrix temper-
atures as a funcion of Wo. (2 =0.5C/min)
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Fig. 5. TPD profiles of the dehydration rates as a funcion of Wo. (5 =0.5C/min)

Rt P ORG OFIEREICH T 5 S 2 HE L LT, Brunauer® & I3 &R OKDEER
BEBGARLVEEKRFICBITT 20128, BEEHA (capillary), %5 FBIEK
(multilayer), H5rFIU#EK (monolayer) LIZH¥EL, ENR5IXZREREEK, HEREEK,
#EAKE BIFATWS, % 7:Harmathy® 5 I3E&KRBIZFIKA (funicular state), FE& 7K
(3 MAK (pendular state) & W TRSAVHEET S LRELTVE, CALOHMELEZET
AL, WBHKRTHRKT 27V —7I3EEK, RBEHERTHAT 227V — 713 2BEEKT
HbHEWETED

NG, HEKEZBREKDOFES AL, Fig.5 POMEEM (Tin>100T) TOBKEGLE
Uil (Tin<100C) TORABRG.OEEIHIET 2 LIELT:. COBARLEIINT2
GuR PGz WABIZH L 78y b L7 R % Fig. 6 (2R Y. BHHAKEIX, Wo=235%-d. b. BCit
#11.05(g/g) TH B %%, WolEDETIZL b HWiR4 KA L, Wo=109%-d. b. T120.41(g/g) I
WYY B, T2, ZREWAEKEDWe=235%-d. b. B TI2491.31(g/g) H* & We=109%-d. b. Tit
0.68(g/g) ICIRAT 5. F72, HHK, SRBEEKDIEIEIIWAEIZH LIS IZESHIZE(LT 2
&k, HHAKOHFEREIWED—RBIHE L TRTIENTE S,

INODORERIY, R TRADIBRTEEL, FN5TIRAKIZEEM R & DAEEH 8
B9\ HHK & HBRREATR NS BREKTH ), 15 OKSHHRERIZ L 0 Fiks 2 L
DETIVEHRETE S,
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Fig. 6. GLs and Gas a function of Wo.

4. #& ]

AV —t—VEEFVWEL LT, BEKETETOZERMERNOKGTOFEIERER VBEH
BHEOWET %, HARBRECL)RELZNBEKEOH—LL X EHV TR 2TV, U
T oM.

(1)SEMBIZBIC & 2AY —t— Y ONETMEIZEKFICLDKRECELY, EKEOKTICE
DRV S AR ZER (Void) DMEINAHER S 7z, SEMEEHF DZEFEOEE % /R $ Void frac-
tionlx, #HI% I TIX0.05LAFTH %75, Wo=100%-d. b. FfETEBIZHIM LFEK T TI120.3L
roOKRELELE LS.

(2)SEME{& 2 515 5N ZOEE (V) OWAEIZH T 2ZbEB L), HRI TIZHBAKL
% BN KANRAE L 7KL S, BRI TR AL TR E 2 ) K BEI D LTS 5 &
21 7.

B)VEBIICBITAKRGDOHELAREZTPD /O 7 7 A MIZX DERETL, BKBEDOENEY 2#
BOKGDPHEAEL, KRB THAT 2 b DIZHEBK, BRETHKTSDDOIILBEAEKT
bhbHEELE L. HHKE ZBREKDIEER IWMEDRL IEVERISRIT S L LD,
WolliD>—kKB% L L CTHIBTRETH 2 L MR %1572,
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