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TOM TAT

Anh huéng cia viée thay thé mot phan mudi NaCl bang KC1 dén dong hoc bién doi
ham am cua cé 16c phi 18 trong thiét bi say khong khi néng duoc nghién ctru thyc nghiém.
B6n mé hinh sdy pho bién da dugc phat trién dya trén sb liéu thu thap. Két qua cho thay
& nhiét d6 sy 50°C, thoi gian san pham dat d6 am yéu cau (27-30%) 1a 48 gio ddi véi ty
1¢ NaCl: KCI 1an Iugt 1a 100:0%, 70:30%, 50:50%, 30:70%, 10:90% va 0:100%. Mb hinh
Page duoc chon 1a mé hinh phit hop nhét dé giai thich tién trinh siy kho ca 16¢ (R2>0,9)
tr cdc mo hinh 4p dung.

Tir khoa: Mo hinh say, c4 16¢c, NaCl, KCI.

ABSTRACT

The effect of partial replacement of NaCl by KCI on the kinetics of moisture content
change of snakehead fish fillets in hot air dryer was experimentally studied. Four common
drying models were developed based on the collected data. The results showed that at
a drying temperature of 50°C, the time for the product to reach the required moisture
content (27-30%) was 48 hours for NaCl: KCI ratios of 100:0%, 70:30%, 50:50%,
30:70%, 10:90% and 0:100%, respectively. The Page model was selected as the most
suitable model to explain the drying process of snakehead fish (R*>0,9) from the all
applied models.

Keywords: Drying model, snakehead fish, NaCl, KCI.

1. GIOI THIEU thuy san, khong chi dé cai thién mui vi ctua

Mubi 1a phu gia thuc phim duoc su san phim ma c6 vai trd nhu mot chét bao
dung nhiéu trong cong nghi€p ché bién quan gitp lam giam nhanh hoat do nudc
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(a,) cta san pham [1]. O nhiéu nudc trén
thé gidi, luong natri trung binh hang ngay
duoc ti€u thu 1a trén 2 g (twong duong 5 g
NaCl), day 1a muc tdi da duoc T6 chie Y té
Thé gi¢i - WHO khuyén nghi [2]. Tai Viét
Nam, theo két qua khao sat cia Cuc Y té
Dy phong - B6 Y té nam 2015, trung binh
mot ngudi truong thanh tiéu thu Ién dén 9,4
g mubi/ngudi/ngay, cao hon gan 2 lan so
v6i mirc khuyén nghi cia WHO [3]. Viéc
tiéu thy mudi NaCl cao c6 thé lién quan
dén nhiéu van dé vé stic khoe, bao gdm
tang huyét 4p va bénh tim mach [4]. WHO
udce tinh 2,5 triéu ca tr vong co thé duoc
ngan chin méi ndm néu muc tiéu thy natri
toan cau giam xubéng mic khuyén nghi
[5]. Do d0, bién phap giam tiéu thu mubi
hay giam lwong natri dn vao can dugc thuc
hién cép bach, mot trong nhirng nghién ctru
hién nay 14 str dung thay thé mot phan mubi
NaCl bang KCI. Nguyén nhan c6 thé thay
thé NaCl bang KCI do sy gidng nhau gitra
KCl va NaCl vé thanh phan phan tt, do
man va hoat tinh khang khuéan [6], dac biét
1a kha nang ngan ngira hoic kiém soat ting
huyét 4p, giam ti 16 mic bénh va tir vong do
tim mach [7].

Cé 16¢ 1a mdt trong nhiing loai ca dac
trung & ving DPong bang song Ciru Long,
dé nuodi, c6 chat luong thit ngon va ¢ gia
tr1 dinh dudng cao. Trong 100 g thit ca loc
chura 78 g nudce; 97 keal; 18,2 g protein; 2,7
g chit béo; 1,1 g tro va mot s6 vitamin [8].
Viée uép mudi va say kho 1a cac phuong
phap bao quan thuong duoc sir dung ¢ hau
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hét cac qudc gia dang phét trién. Pong
hoc sdy 13 nghién ciru vé su thay ddi ham
luong 4m cua nguyén liéu trong qua trinh
sdy nham du doan va t6i vu hoa qua trinh
sdy ctia nguyén liéu. Cac mo hinh toan hoc
da dugc chiing minh la déong vai tro quan
trong trong viéc phéan tich dong hoc say,
diéu nay quyét dinh dén viéc kiém soat qua
trinh sdy va co tim quan trong vé mat ly
thuyét va thyc tién trong viéc dam bao chét
luong sy, giam tiéu thu nang luong, tdi wu
héa qua trinh séy, ... [9, 10]. Vi vdy, nghién
ctru nay dugc thuc hién nham xac dinh mé
hinh sdy phu hop ddi véi kho ca 16c & cac
ty 1¢ thay thé mudi NaCl bang KCl.

2.NOQI DUNG

2.1. Nguyén li¢u

Cé 16c dugc mua tai chg phuong 8,
thanh phd Vinh Long, khdi lugng c4 dao
dong trong khoang 700-800 g, c4 sau khi
mua dugc van chuyén vé phong thi nghiém
va giit séng trong thung nhwa c6 chira
nuée. Nguyén liéu dugce giit 6n dinh it nhat
1 gid trude khi xur ly.

Mubi NaCl dugc mua tai siéu thi trén
dia ban thanh phd Vinh Long.

Mudi KCl dugc mua tai cong ty
Navico, thanh phé Ho Chi Minh.

2.2. Phwong phap nghién ctru

So dd quy trinh thi nghiém tong quat
dugc thé hién ¢ Hinh 1 (thi nghiém duoc
bb tri ngdu nhién véi 3 1an lap lai).
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Lam sach — Dau, vay, dubi, ndi tang
v
Phi 1é —> Xuong

v

Ngam mubi NaCI/KCl

v
Say
v

Bao goi

Hinh 1. So dé quy trinh thi nghiém téng qudt
C4 16c sau khi 1am sach dugc philé va ¢4 phi 16 (350 g) voi d6 4m trinh bay &
ngam trong dung dich mudi theo ty 1€ ca: Bang 1, dugc Séy & 50°C [11] va tién hanh
dung dich 1a 1:2 (w/w) trong thoi gian 3 gio.
Ty 1¢ NaCl: KCI trong dung dich muoi lan L o . . S
lugt 12 100:0%, 70:30%, 50:50%, 30:70%, 2 810 say. Qua trinh sy ngung lai khi do
100:90% va 0:100%. Sau khi ngdm, miéng  4m cua san phdm dat 27-30% [11].

xac dinh ham am cua nguyén liu sau moi

Béang 1. D¢ am ciia ca 16c phi 1€ sau khi ngdm muoi

Ty 1é NaCl: KCl Do am (%)
100% : 0% (dbi chung) 74,70°+0,60
70% : 30% 73,97%0,12

50% : 50% 75,17°+0,06

30% : 70% 76,43°+0,38

10% : 90% 76,30°+0,10

0% : 100% 76,33°+0,35

Ghi chu: Cac ky tw khdc nhau trong cung mot cot thé hién su khdc biét ¥y nghia 6 murc
5% voi kiéem dinh LSD.

Céc gia tri thé hién 3 lan lap lai + do 1éch chuén.
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2.3. Phuong phap phéan tich

Trong nghién clru nay, st dung céc
mo hinh dudng cong sdy da dugc cong bo
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trong cac nghién ctru doi vdi san pham say

truong hop siy kho ca loc.

Bang 2. Cac mé hinh duong cong siy

(Bang 2) dé chon mé hinh thich hop trong

Tén md hinh Biéu thirc mé hinh Tai liéu tham khio
Lewis MR = exp(-kt) [12]
Page MR = exp(-kt") [13]
Henderson va Pabis MR = a.exp(-kt) [14]
Wang va Singh MR =1 + at + bt? [15]

Vi cac mo hinh tham khdo, ty 1¢ ham t: Thoi gian siy (phut)

am (MR) dugc tinh theo cong thirc: Céc md hinh Lewis, Page, Henderson

MR = % (1) va Pabis duoc tuyén tinh héa nhu trinh bay
Trong d6: M, & Bang 3. Dit liu thi nghiém thu nhan dé

v& In(MR) theo thoi gian t d6i v6i mé hinh
Lewis, Henderson va Pabis; In(-In(MR)) theo
In(t) dbi véi mo hinh Page va MR theo thoi
gian t d6i voi mo hinh Wang va Singh, tir 46
xac dinh cac gid tri k, a, b va n tuong ung.

M: P9 am (%) ctia san pham theo thoi
gian t (phut)

M_: D6 dm ban dau (%) cua san pham
k, a, b va n: Céc hang s6 cua mo6 hinh

Bang 3. Tuyén tinh hoa phwong trinh dong hoc

Tén mo hinh Biéu thirc md hinh | Biéu thirc tuyén tinh hoa | Tham khio
Lewis MR= exp(-kt) In(MR) = -kt (16]
Page MR= exp(-kt") In(-In(MR)) = In(k) + n In(t) [16]
Henderson va
Pabis MR= a.exp(-kt) In(MR) = In(a) - kt [16]

=1+at+bt =1+ at + bt?
Wang va Singh MR=1 + at + bt MR =1 +at + bt

~ Ba chi tiéu duoc str dung dé danh gid  Chj binh phuong (X*) va sai s6 binh phuong
moi quan hé gita dit liéu thuc nghiém véicac  trung binh (RMSE) [17]. CAc gi4 tri ndy duoc
mo hinh 14 hé s6 xéac dinh tuong quan (R?), tinh todn béng cac phuong trinh sau [18]:
ZIiV=1(MRi_MRp’r'e,i)-E?L1(1\'1Ri_1\’1Rexp,i)

2
R* = - > " (2)
\/Zi=1(MRi_MRpre,i) -2i=1(MRi_MRexp,i)
2
2 _ Zliv=1(MRexp,i_MRpre,i)
X" = N 3)
1@y z 2 1/2
RMSE = [N (MRyre; — MReyy)’| €
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Trong do:
MR g5y, TY 16 ham am thyc nghiém thir i

MRpre,i:

N: S6 lugng quan sat

Ty 16 ham am dy doan thir i

z: Hang s6 cua mo hinh

Mo hinh t6t nhat dé mo ta qua trinh sy
14 md hinh c¢6 R? cao nhit, ¥* va RMSE
thip nhét [19].

2.4. Phwong phap xir ly dir liéu

Céc dir li€u thu thap dugc tinh toan va
v€ do thi bang phan mém Microsoft Excel.
Phan tich phuong sai (ANOVA) dé¢ két luan
ve su sai khac gitra trung binh cac nghi€ém

1.0
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thae. S6 lidu duge thu thap va xu ly béng
phan mém Statgraphic 4.0.

3. KET QUA VA THAO LUAN

Qua trinh sdy 1am thay d6i d6 am/ty 18
4m cua nguyén liéu. Hinh 2 biéu dién su
thay dbi ty 16 4m (MR) theo thoi gian sdy
& cac ty 16 mudi NaCl: KCI1 khac nhau. Vi
nhiét do séy 50°C, thoi gian san phém dat
d6 4m yéu cau (27-30%) 12 48 gior d6i véi ty
1¢ NaCl: KCI 1an luot 13 100:0%, 70:30%,
50:50%, 30:70%, 10:90% va 0:100%. Nhu
vay, voi cac ty 1€ NaCl: KCl khac nhau,
thoi gian san pham dat ¢ 4m yéu cau la
nhu nhau.

0.8
0.6
&
b=
0.4
0.2
0.0 T T T T T T T T T T T T T T T T T T T T T T T 1
0 2 4 6 8101214161820 222426 28 3032 34 36 38 40 42 44 46 4
Thot gian (gi0)
—— - —A— —— e —o—

Hinh 2. Su'thay d6i MR cta khé cd I6c theo thai gian sdy & cdc ty 1é muéi NaCl: KCI

Ghi cha: MR =M/M , v61 M 1a d6 am cua nguyén li¢u theo thoi gian t va M_ 1a d6
4m ban dau cua nguyén liéu.

Ap dung cdc mo hinh khac nhau cho qua
trinh sdy kho ca 16¢ (nhu da dé cap o Bang
2), két qua phan tich cho thiy bén mé hinh
¢6 hé s6 R? dao dong tir 0,9476 dén 0,9986,

dao dong tir 0,0002 dén 0,1192 va RMSE
dao dong tir 0,0126 dén 0,3452. Trong sb
bén mé hinh dugc 4p dung, mé hinh Page

thé hién sy tuong thich cao hon (& tat ca
cac ty 16 mubi NaCl: KCI) so véi cac mod
hinh khac (Bang 4) véi cac hé sé xac dinh
tuong quan kha cao (R2>0,9950), dong thoi
gia tri X 2(‘a‘Jz 0,0002 dén 0,0017) va RSME
(tir 0,0126 dén 0,0407) thu dugc thap nhat.
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Bang 4. Két qua tinh toan cac thong s clia cic md hinh dwdng cong siy doi véi
kho ca léc ¢ cac ty 1€ muoi NaCl: KCl

M6 hinh | 1Y 1;;(2;10: Cic hiing s cia mé hinh | R x> | RMSE

100:0% | k=0,0008 0,9786 | 0,0089 | 0,0941

70:30% | k=0,0008 0,9855 | 0,0059 | 0,0766

(LI\GIW‘St ) 50:50% | k=0,0008 0,9884 | 0,0055 | 0,0739
cwtion

(1985) 30:70% | k=0,0008 0,9896 | 0,0052 | 0,0724

10:90% | k =0,0008 0,9915 | 0,0040 | 0,0631

0:100% | k=0,0008 0,9739 | 0,0110 | 0,1048

100:0% | k=0,0007 | a=1,3932 | 0,9604 | 0,0950 | 0,3082

70:30% | k=0,0007 | a=1,3087 | 09774 | 0,0626 | 0,2501

Hegdeb?son 50:50% | k=0,0007 | a=1,2788 | 0,9842 | 0,0544 | 0,2333
va raois

(1961) 30:70% | k=0,0007 | a=12657 | 0,9870 | 0,0510 | 0,2258

10:90% | k=0,0007 | a=1,2327 | 0,9898 | 0,0401 | 0,2002

0:100% | k=0,0007 | a=1,4476 | 0,9476 | 0,1192 | 0,3452

100:0% | a=0,0008 | b=0,0000002 | 0,9484 | 0,0793 | 0,2816

70:30% | a=0,0008 | b=0,0000002 | 0,9569 | 0,0786 | 0,2804

‘S",’anlgl va 50:50% | a=0,0008 | b=0,0000002 | 0,9553 | 0,0787 | 0,2805

mn

(1958) 30:70% | a=0,0008 | b=0,0000002 | 0,9557 | 0,0786 | 0,2804

10:90% | a=0,0008 | b=0,0000002 | 0,9623 | 0,0783 | 0,2799

0:100% | a=0,0009 | b=0,0000002 | 0,9461 | 0,0896 | 0,2994

100:0% | k=0,0096 | n=0,6819 | 0,9951 | 0,0006 | 0,0241

70:30% | k=0,0083 | n=0,6947 | 0,9986 | 0,0004 | 0,0190

Page 50:50% | k=0,0074 | n=0,7094 | 0,9970 | 0,0017 | 0,0407

(1949) 30:70% | k=0,0073 | n=0,7113 | 0,9979 | 0,0011 | 0,0326

10:90% | k=0,0063 | n=0,7277 | 0,9982 | 0,0002 | 0,0126

0:100% |k=0,0121] n=0,6538 | 0,9950 | 0,0004 | 0,0208

Ghi chu: k, a, b va n la cac hang so cua mé hinh.

Mo hinh Page duoc chon trong truong  md hinh Page phi hop dé mé ta dong hoc
hop sy kho cé 16c, su thay d6i ham am cta
kho ca 16¢ & cac ty 16 mudi NaCl: KCl theo
thoi gian sdy duoc thiét 1ap (phwong trinh
5,6,7,8,9va10). Cao et al. [16] cho ring

sdy ctia qua trinh sdy ca ro phi phi 18. M6
hinh Page ciing dugc tim thiy 1a phu hop

v6i md hinh sdy ¢4 com [20].
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NaCl: KCI = 100:0% c6 MR= exp(-0,0096t"¢81%)
NaCl: KCI = 70:30% c6 MR= exp(-0,0083t%6%7)
NaCl: KCI = 50:50% c6 MR= exp(-0,0074t"70%%)
NaCl: KCI = 30:70% c6 MR= exp(-0,0073t%"113)
NaCl: KC1=10:90% c6 MR= exp(-0,0063t"7*"7)
NaCl: KC1 = 0:100% c6 MR= exp(-0,0121t%>%¥)

Su tuong thich cao gitra dir li¢u thuc
nghiém va md hinh dong thoi dugce tim
thiy (Hinh 3). Cac phuong trinh tuwong
quan gitra gid tri MR thyc nghiém va du

1,0 -
0,8 -
g 2
Z 0,6 - R2=0,9993
«©
é 0,4 -
0,2
0,0 T T T T 1
0,0 0,2 0,4 0,6 0,8 1,0
MR thyc nghiém (100% NaCl)
1,0 -
- 0,8 -
= R2=10,9880
E 0!6 7
«©Q
£0,4 -
% 0,2 -
0,0 T T T T 1
0,0 0,2 0,4 0,6 0,8 1,0
MR thyc nghiém (50% NaCl:50% KCI)
1,0 -
= 0,8
2 =
£0,6 R2=10,9850
©
E0,4
0,2
0,0 T T T T 1
0,0 0,2 0,4 0,6 0,8 1,0

MR thyc nghiém (10% NaCl:90% KCI)
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(R2=0,9951) (5)
(R2= 0,9986) (6)
(R2=0,9970) (7)
(R2= 0,9979) (8)
(R2= 0,9982) (9)
(R2= 0,9950) (10)

doan tir mo hinh déu cho hé s xac dinh
tuong quan khd cao (R2>0,9710) & tit ca
cac ty 18 mudi NaCl: KCI1 khac nhau.
1,0
0,8 -
g
= 0,6 -
«Q

04

=iy

0,0

Rz=0,9710

02 04 06 08 10
MR thye nghiém (70% NaCl:30% KCI)

0,0

1,0 4

0,8 -
£
= 0,6

<«
£04 -
02 -

0,0

R2=10,9750

0,2 0,4 0,6 0,8 1,0
MR thyc nghiém (30% NaCl:70% KCI)

0,0

1,0 -

0,8 -
- _
£ 06 R?=0,9993

E04 -

§0,2-

0,0

02 04 06 08 1,0

MR thyc nghiém (100% KCI)

0,0

Hinh 3. Tuong quan giiia dir liéu thuc nghiém va dit liéu theo mé hinh Page & cdc ty 1é muéi NaCl: KCI
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Thay dbi ty 1é am (MR) & cac ty 16 mubi NaCl: KCI khac nhau theo thyc nghiém va
mo hinh Page dugc trinh bay ¢ Hinh 4.

1.0
0.8
=
= 0.6
E
& 0.4
=
0.2
0.0
0.0 0.2 0.4 0.6 0.8 1.0
MR thuc nghiém
® 100% NaCl ® 70% NaCl:30% KCl » 50% NaCl:50% KCl
@ 30% NaClL:70% KCI ® 10% NaCl:90% KCl 100% KCl
Hinh 4. Su'thay déi MR (thuc nghiém va mé hinh Page) & cdc ty 1é muéi NaCl: KCI
4. KET LUAN 4m cua san pham dat yéu cau. Viéc thay thé

Trong s cdc mo hinh duoc 4p dung, muf)i NaCl bing KCI trong ché bién san
mo hinh Page dugc chon 1a mé hinh phu P}}ém kho ca 16¢ dugc xem la ph}mng phap
hop nhét d¢ dy doan sy thay d6i d 4m cua  tiém nang trong bao quan san pham va giup
kho ¢4 16c ¢ cac ty 16 mudi NaCl: KClkhac  cai thién van dé ste khoé doi véi viée giam
nhau va x4c dinh thoi gian sdy dén khi 40  luwong natri tiéu thy hang ngay.
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