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Studies on Food Preservation by Controlling Water Activity
E. Quality Changes of Fish Meat during Drying and Storage

Bong-Ho HAN, Jong-Gab LEE*® and Tae-Jin BAE
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A study on the quality changes of fish meat during drying and storage has been carried out
with filefish meat. Filefish meat was dried in a forced air dryer at 40 and 55°C for 20 hours
with an air velocity of 0.4 m/sec under different conditions of relative air humidities in the
range of 10 to 50 %. The dried fish meat was stored at 30°C in chambers with constant relative
humidities controlled by the use of conditioned air stream passing through the saturated salt
solutions. The quality of filefish meat was evaluated with the brown color densities developed
by lipid oxidation and Maillard reaction. Changes of viable cell count during drying and
storage were also discussed.

The predominant reaction for the brown color developed during the study period was the
lipid oxidation. The lipid oxidation rate during drying at constant temperature was appreciably
affected by water activities at the drying surfaces of filefish meat during the falling drying
rate period. The lipid oxidation rate was the slowest under the condition of the relative air
humidity of around 30 %.

In samples stored at water activity of 0.33, the lipid oxidation rate was retarded remarkably
in comparison with the samples with lower or higher water activities. The addition of 1 % table
salt, 1.59% D-sorbitol and 6 % sucrose slightly lowered the water activity with the slowest
lipid oxidation rate. Such additives resulted the increase of the water soluble brown color dens-
ities, which seemed due to the increase of mobility of the water soluble substances by the result
of the increase of equilibrium water content.

Microflora of the samples immediately after drying consisted of ca. 30 % of coccus types, ca.
65 9% of rod types and ca. 5% of molds and yeasts. During the storage of the samples with a
water activity of 0.76, the ratio of the coccus types to the total microflora was increased
remarkably while that of the Gram negative non-spore rod types was decreased. The ratios of

the Gram positive rod types, molds and yeasts during the storage were nearly constant.
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Fig. 1. Schematic illustration of storage chamber-
with regulation of temperature and rel-
ative humidity. 1, sample chamber; 2,
sample; 3, saturated salt solution; 4,
air circulator: 5, ventilator; 6, electrical.
heater; 7, circulation cryothermostat;
8, temperature control box.

Table 1. Saturated salt solutions to controk
water activities

water activity salt solution

0.12 LiCl

0.20 CH;COOK
0.33 MgCl,

0. 47 KCNS
0.54 Mg(NOs);
0.66 NaNO,
0.76 NaCl

A 25% & ojzlx(whatman No.41)=24# < atsl
g}, =] chloroform-methanol(2:1 v/v) &
W 30ml & el 3045H my, FEE & o5
slg om, oJoig] 460nm o A8 HIBEE ELHELE
Bo= 34, BAlESeHREoz sig=t. 4l
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Fig. 2. Brown color densities developed during
the drying of filefish meat at 40 °C.
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Fig. 3. Brown color densities developed during
the drying of filefish meat at 55° C.
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Fig. 4. Brown color densities developed by Mail-

lard reaction during the storage of dried
filefish meat at 30°C.

B wel A2 o BEBRERES Jed Ao
2 QAT 5 A7k ojv KHHElel A= gE o
o EHR{EES selE: AAE Labuzad
Rockland and Nishi®)e] $%6 A5 2Alg 4 9
gith. we2lA] Fig.2 9 Fig.3ojAst o] #WEA
LA el 2 BEREH] Ao W=l BREE
of o7t Al AL H2RHEERY SI9 25
AW BRI RFBCEEZR) 52 99
olel, wiEREAAS ByBEEL 79 oy
REY 9% 97 o Foz J= g
EREAN A BBEEZRT 2A, /9 #
HIRESL 10%, 40%, 50% % w71 20%, 30%4 =
2o} Bel Alstdeh. dAAAY BHTE ASTE
Pee] 0.2 H-ZTojeie Han et ol 98] ¥, HHTHE
I ZGTRARSEGR AA KGEEANA BRI
HES S Tole Labuza99 #% 9 KSR
0.2~0. 4 B-Zo A BBYBILEE 7} ¥+ Rockland
and Nishi®®¢] A4 Fo= v]Fe] Bol], a4
W R F3 BBERS BISBRMIT T M
BHREIL 20~30% 9 o 713 HA doid e 7
40

——e [ (y 0,12
—x 1 a0,20
30 t+ 10,033

Optical density / Kg dry matter
(] .

-
(o)
T

A—a 1 ay 054
r—u& : a,066
&—» :q,076
0 . . L
0 20 40 60 80
Storage time (days)
Fig. 5. Brown color densities developed by lipid

oxidation during the storage of dried
filefish meat at 30°C.

— 184 —



RERET KoE% 3T R

A5t e, 28l Loncin!®e] X33} 2bo)
B 30%9 w7} sk B & A gk

B BB K57ER  BE 55°C, F419
HBEE 30% 9 Ribl4 2080 mEd 23Axm
& 30°Cell A Fig.19] #E Brixslal g 19 K5
HEkst W@ A S Fig. 49} Fig.5¢ vebigl
ol AU BEhel = KEMRBaEEY St
Ao}, RAMBBGERREY BNt AT AL o4
Maillard R 2.oHe BRI RERAS) 2225
9 HE 2 FEAL Anstg . Byunetal.n
o] Aol 5 55°Cqll A ARt & ) HER
opul:fRo] HifRdre] REMLSY Tt Wi 02
o] MolAE A3 MES 44T 4+ g =
KEMIHY BB T2 RIBLD o FE ¢
v} Fujimoto et al.199] #iEor —msle #HE
g

Brihe] Ko vEHES RIEBEY AAE ¥4, X
FIEE 0.12004 ®ohz 0.2090 4 ERBSER{EAF Ao
3 0.330 4 b Aok KGTEME 0.470] Aol Al
KaEME] =% % RBIFRLT At You

50

FE &

oo
o

~J
<

[Wal
<o

Optical density/Kg dry matter
o~
L)

&~
P

30 ' = :
0 20 40 60 80
™ Storage time (days)

Fig.6. Changes of thiobarbituric acid value of
dried filefish meat stored at 30°C.

and Leed s BAAS A BEAd FEdE
] KGEM 0.44~0.759 HolAe KITEHE?]
o4 BITREA AL ®ET 9 U

Fig.63} Fig. 7l %81 #r@he TBA 2
carbonyl{g ] BLE vehdgl=h

TBA{HY 83 2=l Immde] BIFRET K
SEEME 0.331 4 ohA AdEE X o R
#ie] Ao Aol wheb KHIE%: 0.20, 0.33 % 0.47
4] AY w4t BES BHBRLEE BT T+ 4
gir}. Carbonyl (8 ##{bol A= TBAHsE o4&
Aol @Eren), KA WM 0.33% HEko = ¥}
KETERS] WolR AV, =otd % [RIFBRLIT A
TS ¢ Ak =eA BHBLEE KFEE]
BaFRRTERY KFEEEgE 94 2 0.3
2ol A A = Ao g YAE gl

ERA 2AA lkeE BE 10g
glutamate 10g, sucrose 60g R D-sorbitol 15¢-&
EET T, RRERE 55°C, HHEE 30%9 K
o] A 20BMH BEMRETE T3 X AL 30°Ce A Ertsta
+ oo BAEK ¥ KEEBRaREY BLE Fig.

70 L 1

‘  ay 012 |
DAy Y,

H Qi 0,20

: uw 0,33

s ay 0,47

O

monosodium

(=)
D
I

(g}
(e
T

Carbonyl value(meq/Kg lipid)

LOF
a—a: ay 054
B—w : q, 0,66
e—=o : q, 076
30 : —~
20 40 60 80

Storage time (days)

Fig.7. Changes of carbonyl value of dried file-
fish meat stored at 30°C.

— 185 —



AEE -0 F
40 |
o—— 0y 0,12
——X :ay 0,20
301 o——0 : oy 0,33
o—o0 : dy, 0,47
&———N :ay 0,54

Optical density.”Kg dry matter
el
<

—_
()
T

0 1 1 1
0 20 40 60 80
Storage time (days)

Fig.8. Brown color densities developed by lipid
oxidation of seasoned and dried filefish
meat stored at 30°C.

83 Fig. 9¢) Vel glet. A GIER 0. 12~0.549] 4
el A AANAQ IertmBaias] BEEE &
By, D-sorbitol @ sucrose 5-& #HMmstA k&
o (Fig. 5)% wlmstel & 2R/ gdeh. KAEE
0.203} 0.33s) 4 A& e BES REEREBEG
=9 RS 3olm Yot 0.20004 vi 2 Hol
H L% g A& AH, D-sorbitol, sucrosest 2-&
BEY WEYED Ed s s o8 A5
vl 2 o) F—kGEEA AR FERG &R Ha
wol s Mg A=} zelm Fig 1044
= KGTERE 0.336) 4 FIHIREFRLT St4 A4
< AT 4 gl

KEGEHRBOEERS A5 98 it 4%
g WmE 29 . #mh D-sorbitole carbonyl
) Bl OHEE 71Xz 9= genmz A4
KR EEES Bl BT Aoz JAer]s
HEr}, ®=i TFH x|l Zmgt D-sorbitolo]
dose reductase = L-iditol dehydrogenase ¢ =}
£ 8be) glucose =& fructose = W 5ted 4119 Maill-

al~

2 e R

L0

w
<

[
<

Opfical den;ity/Kg dry matter

—_
o
T

Storage time {days)

Fig.9. Brown color densities developed by water
soluble substances of seasoned and dreid
filefish meat stored at 30°C.

ard ] Rodstgeta $5371% of At Sucr-
ose & FEEILHBC 24 AR AEHEHRBEEY B
Bol BT Ao gAY e ot Schoebel
et al.?, Troller and Christian2b¢] =H 3} zko]
sucrose 7} IMASHEe] ostel WIS £Rstn
o] BiE] BBEIES Hedslg g ATHL 47
& 2 . 28y 55°Ca A8 wmigd AAHe
MRS olvlxfRe] TR/t Byun et alMd
giee n)So] Mol Fig.9ellAst ol HEY K&
HRB R Maillard FHE o8l A=k RS
ba A 7bstsl = o ®eb. AB, sucrose, D-sorbitol
o BmME BEE LRAstz 2 K5 BERIAAAE
o] KEGTEMe] ol A ®l, —EHHRBET &
stgemz Hmmpel 98 HAnd TEASER
o] Tobd ¥ k. 2= E Fig. 99 #FEx
Maillard KiEs] 24T 5 9 WEA BHEk
(mobility) i inel HEY Aoz FEs F5&

b2
74

— 186 —



ARRE ROEE 2 TR

100

r———e | Gw 0,12
*——x : qy 0,20
o——0:qy 0,33

90 1

80

70

60

Optical density/Kg. dry matter

P=uo
40 1 ul 1
0 20 ) 69 80

Storage time {days)
Fig. 10 Changes of thiobarbituric acid value of
seasoned and dried filefish meat stored

w3 RS #idd o RSEME 0.60]319
ERAESAAE mEHY £F A7 x4 g2
g2, oV gnnAsns A4, ek = 5k
WEYG LERBE 55, AN BRAAY TR
LR QI AATERSY LRS MRS #HME
W EETEERES gn @ w24 BERTAXA
4 Fig.19) il rksts BEE 30°C, KHE
p o IMF(Intermediate moisture food)e] %4l
0.6~0.922), 0.7~0.9292] fhBE 0.76 2 23}
FEERER TI7 £38E 2204 sk o
a2 Y HEES BLE Table 26, #EMhel M
B& Table 3¢) Vepd gt &@He] 4+ &H,
sucrose, D-sorbitol® FHmmgl Ae] Hminst=] &2
AnTt HERY FBel AsQoH, ok Rl
BAREY ZRZ 445500 R 23t &
Bk #ApY RES 28T AL, EEEY R
kel FA /Y RS 20.7%BEE RITLEA
Wdipe MRS}, g SEBEE Bl Hbsld
i hEe] BREBAR) o= BRT #HRA.
BEEE 20°Cs) 35°Cal A9 fuiEips) MEd 2R
b AE AL Bk KEMERA 9 Bl 4
Swl Ao s g, &B, sucrose, D-sorbitol
L Hmg A 284 $& A4 MEHRES B
Epel B ERE BeolA v AL, R B

at 30°C
Table 2. Viable cell count of dried filefish meat with a water activity of .76 stored at 33°C
(count/g)
. . . storage time(days)
Incubation temperature raw fish after drying
20 40 60
35°C
without additives 6.7X104 8.6X107 1.5X108 2.1X10% 5. 9% 167
with additives 1.0X 108 1.2X108 1.4X 108 2.4X108 2.5 108
20°C
without additives 7.9X104 8.1X107 1.4X108 1.6X108 6.8X107
with additives 6.7X10°8 1.3X108 1.2X108 2.1X108 2.6X108

Additives : 1% table salt, 1.5%D-sorbitol, 6% sucrose and 1% monosodium glutamate

Table 3. Ratio of microflora of dried filefish meat with a water activity of 9.76 stored

at 30°C (described in 95
. raw after storage time{days) . .
Microflora fish drying 0 0 &0 predominant strain
coccus type 11 32 60 57 65 Micrococcis
rod type
Gram neg. non-spore 5% 42 14 17 5 Achromobacter
Gram pos. non-spore 15 10 6 7 8 Corynebacterium
spore former 12 11 13 13 15 Bacillus
others 8 5 7 6 7 yeast & mold
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