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TOM TAT

DPuwéng dang nhiét hdp thu cda sdn phdm ca hdi déng khd dwoc xac dinh & nhiét do 20°C, 30°C va 40°C. Sé liéu
thwe nghiém duoc kiém chirng b&i tdm mé hinh toan hoc gé‘)m BET, Bradley, GAB, Halsey, Henderson, Kihn,
Mizrahi va Oswin. Trong pham vi hoat d6 cta nwéc 0,12-0,43, ca tdm mé hinh déu chi ra sw phu hop kha tét véi sb
liéu thwc nghiém (R2 = 0,9374-1,0000). Tuy nhién, khi pham vi hoat d6 cta nwéc dwgc mé rong tr 0,12-0,93, chi co
bdn mé hinh la GAB, Kiihn, Halsey va Oswin phu hop kha tét v&i sé liéu thwe nghiém. Nhivng mé hinh nay c6 thé ap
dung d& dw doan sw hép thu 4m cia san pham ca hdi déng khé tai 20°C, 30°C va 40°C, véi hé sb tuong quan (R?)
cla bdn md hinh theo tht tw 1a 0,9776-0,9917; 0,9867-0,9991; 0,9821-0,9920 va 0,9464-0,9995. Sai sb gitra sb liéu
thwe nghiém va dy doan ttr cac mé hinh theo the tw la 5,1%; 4,9%; 8,7% va 9,4%. Gia tri cta I&p nwéc don phan
xac dinh dwoc & mirc xap Xi 5%.

Tir khoa: Ca héi, dwdng déng nhiét hap thu, déng khd, ham &m can béng, hoat d6 nudc.

Sorption Isotherm Curve of Freeze Dried Salmon Product

ABSTRACT

Sorption isotherm curve of freeze dried product was investigated at 20 °C, 30 °C, and 40°C. Experimental data
obtained were verified by eight mathematical models including BET, Bradley, GAB, Halsey, Henderson, Kuhn,
Mizrahi, and Oswin. Eight models agreed well with experimental data (R? = 0.9374-1.0000) when water activity (Aw)
varied from 0.12 to 0.43. However, when Aw is extended ranging from 0.12 to 0.93, only four models named as GAB,
Kuhn, Halsey and Oswin still show a good agreement with the experimental data. These models can be used in
predicting water absorption of freeze dried salmon product at 20 °C, 30 °C, and 40°C with a correlation coefficient (RZ)
ranged from 0.9776-0.9917, 0.9867-0.9991, 0.9821-0.9920 and 0.9464-0.9995, respectively. Errors between
experimental and calculated data from the four models were 5.1%, 4.9%, 8.7% and 9.4%, respectively. Water
monolayer value is determined at approximately 5%.

Keywords: Equilibrium moisture content, freeze-drying, salmon, sorption isotherm curve, water activity.

lugng 4m cudi ciing 1én sy thay d6i chat lugng
cta san phdm trong qua trinh bao quan la can

1. DAT VAN DE

Doéng kho da tré thanh mot qua trinh quan
trong trong bao quan thuc phdm vi chét lugng
cta san phdm t6t hon so véi cac phuong phap
lam kho truyén théng. Thuc pham déng khé c6
nhiéu ich 1¢i so v6i thuyc phdm duge lam khé
bing phuong phap thong thusng nhu giit lai téi
da cac dic tinh ban d4u ctia nguyén liéu tudi,
trong lugng nhe, diéu kién bao quan nhe nhang
4 nhiét d6 phong (Chrisopher, 1992). Tuy nhién,
b4t ké su thanh céng ciia k§y thuat nay, nhiing
nghién cttu sdu hon vé anh hudng ctia ham

thiét. Béi vi thuc phdm déng khé c¢6 do x6p cao
cing v6i ham 4m thédp, diéu nay giy ra mot s6
véan dé dén chat lugng san pham trong qua trinh
bdo quan nhu su oxi héa chat béo, phan ting
sAm mau... Nhin chung, su én dinh vé mat vat
1y, héa hoc va vi sinh cta san phdm thuc phim
khé bi anh hudng dang ké bsi hoat d6 ciia nuée
va ham 4m can bang cta né. Puong ding nhiét
hap thu, thé hién méi quan hé gita hoat do
nuéc va ham 4m can bing, 14 mét céng cu hitu
ich giip du doan dugc thoi han bdo quan cta
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san phdm kho ciing nhu lia chon diéu kién bao
g61 pht hgp (Labuza, 1985).

Nhiéu nghién ctiu da duge thuc hién dé xac
dinh 4nh hudng cta ham lugng 16p nudc don
phan dén téc d6 hu héng cta san phim kho
trong qué trinh bao quan (Lea, 1958; Karel va
cong su, 1964). Su 6n dinh cao nhét caa thuc
pham dong khé dat dugc tai gia tri ham 4m cta
16p nuéc don phan da dude bio cio bdi Salwin
(1962). TAm quan trong cta viéc xac dinh gia tri
clia 16p nuée don phan d61 véi cac moé hinh thuc
phim c6 trai qua su oxi héa chét béo da dudc
nghién cttu béi Maloney va cong su (1966),
Labuza va cong sy (1966). Martinez va Labuza
(1968) ciing da nghién cttu dnh hudng ctia ham
am lén ty 1é hu hong cta san phdm ca hoi dong
kho tai ham 4m trén va duéi gia tri ciia 16p nude
don phan. Két qua da chi ra rang ty 16 hu héng
cta san phdm 14 mét ham d6i véi ham 4m.

San phdm c4 hbi déng kho 14 mot san phdm
méi tit ca hoi Alaska (USA) da duge phat trién
bdi nhém Charles va cong su (2010). Alexandra
va cong su (2012) da tién hanh phan tich thanh
phan dinh dudng ctia san pham nay cho thdy san
pham c6 ham lugng cao cac a xit béo khong no cé
nhiéu néi d6i, dic biét 14 EPA (eicosapentanoenic
acid) vd DHA (docosahexanoenic acid) va san
phim c6 ciu tric x6p va gion. T4t ca nhiing diéu
nay c6 thé anh hudng dén su 6n dinh chat lugng
clia san pham trong qua trinh bao quan. Vi vay,
nghién ctu su 6n dinh ctia san pham ca héi dong
kho trong qua trinh bao quan 1a can thiét. Do d6,
muc tiéu cia nghién ctiu nay la xdy dung dudng
déng nhiét hap thu cho sdn phdm ca héi dong
khé trong pham vi 20°C-40°C. Nghién ctiu nay sé
cung cdp nhiing dii liu quan trong vé duong
déng nhiét hap thu cta sdn phidm ca héi dong
khoé cling nhu x4c dinh dugec gia tri cia ham
lugng 16p nudc don phan, tao tién dé cho nhiing
nghién ctu siu hon.

2. VAT LIEU VA PHUONG PHAP
2.1. Chuén bi miu ca hdi déng khé
Ca héi (Oncorhynchus gorbuscha) nguyén

con dugc mua tit mot cong ty Ché bién hai san
Kodiak, Alaska, USA. 20 con c4 héi (trong lugng

54

2.250 + 230 g/con) dudc phi 1é bing tay, da dudc
loai bd dé thu duge 40 miéng phi 16. Cac miéng
phi 1& nay nhanh chéng dudgc cap déng & -40°C
va dugc bao gbi trong tai PA (polyamide) hut
chan khong. Sau d6 bao quan déng 6 -30°C cho
dén khi duge xit 1y tiép theo. Truéc khi déng
kho, cac miéng phi 1& duge rd déng mot phan 6
trong phong lanh nhiét d6 dudéi 5°C trong
khoang 1 gid trude khi duge cit thanh cac miéng
cAnhdcd 5 x5 x5 (+1) mm st dung dao phi 1é.
Qua trinh d6ng khé duge thyc hién trong thiét
bi dong kho Virtis Freeze Drier (52 ES, USA)
theo phuong phap di dudc phat trién bdi
Charles va cong su (2010). Tém tat qua trinh
dong kho: Cac miéng ca duge lam déng & nhiét
d6-30°C/0,5 git va -40°C/1 gis trude khi duge
lam khé6. Qua trinh lam khé duge thuc hién
trong hai giai doan. Giai doan ddu 6 nhiét do
~40°C/2 gid, -30°C/2 gis, -20°C/1,5 gid, -10°C/1
gié va 0°C/0,5 gid, tong thdi gian 1a 7 gis. Giai
doan lam khé sau dugc thuc hién & 25°C/0,5 gic.
Ap sudt trong giai doan lam dong duge thuc
hién & ap sudt khi quyén, trong khi ap sudt
trong giai doan lam khé dugc duy tri én dinh 6
40mmHg.

2.2. Xac dinh dudng ding nhiét hap thu

Khoang 5g méu c4 hdi déng kho dude duge
dat trong cac binh tam giac 1.000 ml ch@a dung
dich cdc muéi bao hoa c6 hoat d6 ctia nude dao
déng ti 0,10 dén 0,90. Cac muéi st dung gém
LiCl, MgCl,, K,CO,;, NaBr, NaNO,, NaCl, KC],
va CuSO, Thuc nghiém dudc tién hanh & nhiét
do 20°C, 30°C, and 40°C st dung céc ta 6n nhiét
(VWR 1545, Cornelius, OR, USA). Mbi thi
nghiém dugc lap lai ba 14n, két qua duge bao céo
la gia tri trung binh.

2.3. Xac dinh ham lugng 4m va hoat dé
nudc

Ham lugng 4m duge xac dinh trong ba lan
lip lai theo phuong phap dugc mé ta trong
AOAC 952.09. Hoat d6 ctia nudc duge xac dinh
lap lai trong ba 14n, st dung thiét bi do hoat d6
AqualLab Series 3 TE (Decagon Devices, Inc.,
Pullman, Washington, USA).
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Bang 1. M6 hinh toan hoc thé hién méi quan hé giita hoat do nuéc va ham Am can bang

Tén mo hinh Caéng thic Héng s6 Téc gia
BET 1 a + Brunauer et al., 1938; Van
= m’"caw m = C = ﬂ den Berg & Bruin 1981)
m N ﬂ > ﬂ
(1-a, Ji+(C~1)a,]
Bradley _K K™ Bradley 1936; Chirife &
a,=e ! Iglesias 1978
GAB Van den Berg & Brui 1981;
= m’”CKaW Roos 1993
(1-Ka, J1+(C~1)Ka,]
Simpl & a 1 . Halsey 1948; Iglesias &
Halsey o r=——:a =e” Chirife 1976
a, =e (04
Henderson k" Henderson 1952; Chirife &
a,=1- n=—k=e" Iglesias 1978
Kihn D _ Kihn 1964; Chirife & Iglesias
m=— k, -B k,=-a;B =-p 1978
Ina,
Mizrahi K +m r = _ﬂ;”z =a Mizahi et al., 1970
w
n+m
Oswin n Oswin 1946; Chirife &
a Iglesias 1978
m=A4 —x A=é’n=a
l-a,

* Ghi chd: m: ham 4m c4n bing; m,,: ham 4m I6p nude don phan; a,: hoat do nudc; a, B, y: hé s6 thuc nghiém.

24. Kién thitc chung vé cac mé hinh toan hoc

Nhiing m6 hinh toan hoc dude st dung
trong nghién ctu nay nhu dudc trinh bay trong
Bang 1. Su phu hgp gitia md hinh 1y thuyét va
thuc nghiém dugc danh gia thong qua hé s6 sai
s6 theo cong thic nhu sau:

Trong d6:

N la s6 diém thuc nghiém

M;: ham 4m tinh toan tit thyc nghiém
M,: ham 4m tinh toan tit m6 hinh

R: sai s6

2.5. Xit 1y s6 liéu thong ké

S6 liéu thuc nghiém duge xi 1y bing phan
mém Excel (Microsoft Office 2007, USA). Két
qua bao c4o la gia tri trung binh.

3. KET QUA VA THAO LUAN

DPuong ding nhiét hap thu cia san phdm ca
hdi déng kho tai 20°C, 30°C va 40°C dugc trinh
bay trong Hinh 1 va su phu hgp gifia s6 liéu thuc
nghiém v6i cac md hinh dugc chi ra trong bang 2.
Trong pham vi hoat d6 cta nude tit 0,12 dén 0,43
thi hau hét tAm md hinh nhu duge chi ra trong
Bang 1 déu phu hgp kha tét. Hé s6 tuong quan
(R?) dao dong tit 0,9374 (BET & 20°C) dén 1,0000
(GAB 4 20°C, 30°C va 40°C). Tuy nhién, khi pham
vi hoat d6 ctia nudc dugc mé réong ti 0,12 dén
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0,93 thi sy phtt hgp ctia cac mé hinh véi sd liéu
thuc nghiém c6 su khac nhau dang ké. Chi c¢6 bén
mé hinh van thé hién su phit hop khé t6t so véi
dit lidu thuc nghiém, d6 1a GAB [R® = 0,9817
(20°C ), R?*=0,9917 (30°C) va R?= 0,9776 (40°C)];
Kiihn [R*= 0,9867 (20°C ), R*= 0,9959 (30°C) va
R?=0,9991 (40°C)]; Halsey [R? = 0,9836 (20°C ),
R? = 0,9821 (30°C) va R?* = 0,9920 (40°C)] va
Oswin [R?= 0,9690 (20°C ), R?= 0,9464 (30°C) va
R? = 0,9638 (40°C)]. Trong khi d6, bén mé hinh
con lai chi ra su phit hgp kém hon, cu thé 1a BET
[R* = 0,4469-0,4839); Bradley (R* = 0,8501-
0,8844); Henderson (R?* = 0,8430-0,9062) va
Mizrahi (R? = 0,5274-0,7224). D& khéng dinh lai
st phtt hgp ctia bon mé hinh GAB, Kiihn, Halsey
va Oswin so véi dit liéu thyc nghiém trong pham
vi hoat dd ctia nuée 0,12 dén 0,93, chiing t6i da

tién hanh thuc nghiém tai 32 diém thuc nghiém
(N = 8 x 4, § 30°C). Két qua xac dinh dudc sai s6
gitia dt liéu thyc nghiém va di liéu tinh toan tw
céc mo hinh 14n lugt 1a GAB (5,1%), Kuhn (4,9%),
Halsey (8,7%) va Oswin (9,4%). K&t qua nay mot
14n niia khéng dinh thém su pha hgp cia bon mo
hinh trén 1a kha tét so véi s6 liéu thuc nghiém.

Martinez va Labuza (1968) da bao céo ring
gia tri cta 16p nudc don phan ctia san phadm ca
hoi dong kho xap xi 5% tai hoat do nuée 0,19.
Két qua nghién ctiu cia chiing t6i cho thay, cac
gia tri ctia 16p nude don phan theo moé hinh BET
va GAB c6 gia tri rat gan véi két qua trén. Gia
tri ctia 16p nuée don phan theo moé hinh BET va
GAB tinh toan dugc tuong tng la 4,87-4,99 dén
4,8321-4,8892.
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Hinh 1. Pudng déng nhiét hap thu cia
san pham ca héi dong kho tai 20°C, 30°C va 40°C
(EMC: Ham 4m can bang, db: Phan chat kho, A,: Hoat dé ctia nudéc)
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Bang 2. Sy phu hgp giita s6 liéu thyc nghiém véi cac mé hinh

Hoat d6

Céc hé sb6 trong mé hinh

Hé sb twong quan (R?)

Mb hinh | . 20°C 30°C 40°C
cua nuoc 20°C 30°C 40°C
m C K m C K m C K
BET 0,12 = 0,43 4,99 1,1310 4,91 1,2083 4,87 31,12 0,9374  0,9729 0,9983
0,12 = 0,93 1,85 1,0012 1,84 1,0007 4,96 -32,63 0,4492  0,4469 0,4839
Ki Kz Ki Ka Ki Ks
Bradley 0,12 = 0,43 0,8138 5,2060 0,7449 10,6028 0,8274 4,9700 0,9903  0,9993 0,9862
0,12 = 0,93 0,9349 1,4290 0,9472 1,1825 0,9488 1,2600 0,8844  0,8630 0,8501
m C m C m C
GAB 0,12 = 0,43 4,8879 -237,63 0,0004 4,8321 -203,44 0,0002 4,8892 -22,27 0,0005 1,0000  1,0000 1,0000
0,12 = 0,93 7,55 12,7254 0,04664 4,2624 38,2491 0,0335 5,4332 131,11 0,0227  0,9817  0,9917 0,9776
n k n k n k
Henderson 0,12 = 0,43 2,13 0,0054 3,04 0,0008 2,06 0,0056 0,9901 0,9981 0,9898
0,12 = 0,93 1,13 0,0435 1,08 0,0509 1,07 0,0477 0,9062  0,8430 0,8785
r a" r a" r a"
Halsey 0,12 = 0,43 1,69 32,20 2,34 127,01 1,50 23,71 0,9995  0,9999 0,9964
0,12 = 0,93 1,37 17,41 1,35 15,30 1,27 14,10 0,9836  0,9821 0,9920
ke B' ke B' ke B'
Kihn 0,12 = 0,43 4,39 -3,27 3,28 -4,51 5,63 -2,51 0,9991 0,9952 0,9978
0,12 = 0,93 3,72 -5,46 3,75 -4,67 4,71 -3,70 0,9867  0,9959 0,9991
r ry r r r r
Mizrahi 0,12 = 0,43 0,0185 -3,7532 -5,6430 -2,0296 -4,4869 1,6737 0,9980 0,9581 0,9726
0,12 = 0,93 0,5196 -2,9902 -5,5009 -1,3672 -5,1798 -0,1462 0,7224  0,5274 0,7147
A n A n A n
Oswin 0,12 = 0,43 9,73 0,3752 9,26 0,27 10,42 0,40 0,9954  0,9995 0,9927
0,12 = 0,93 10,83 0,5737 10,38 0,59 11,22 0,61 0,9690  0,9464 0,9638

uen] yuy ugAnbN ‘Ang ueny ugAnbN
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IV. KET LUAN

C6 thé st dung bén mé hinh 1a GAB, Kiihn,
Halsey va Oswin dé du doan dudng ding nhiét
h&p thu hosic ham 4m can bing cia san phim
c4 hdi déng khoé bao quan & nhiét do6 20°C, 30°C
va 40 °C. Sai s6 ciia cdc mo hinh nay so vdi s&
lieu thyc nghiém tai 30°C tuong tng la GAB
(5,1%), Kithn (4,9%), Halsey (8,7%) va Oswin
(9,4). Gia tri ham lugng 16p nude don phén tinh
toan dugc theo moé hinh BET va GAB kha gidng
nhau é mtc x4p xi 5%.
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