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TOM TAT
Bai bdo trinh by qud trinh nghién ciru thue nghiém xdc dinh cdc thong sé sdy téi wu cd dii trén hé thong
birc xa hong ngoai két hop nang lwong mdt troi gian tiép (IR-ISD). Théng qua phirong phdp bé tri thi nghiém
ma trdn truc giao Taguchi két hop voi phirong phdp phan tich mdt ddp g (RSM) dé khdo sat anh huong cdc
Yéu té (nhiét d sdy, van toc gié, khodng cdch va cong sudt hong ngoai) dén ba yéu té dau ra (thoi gian sdy,
sudt ndng leong tiéu hao va ti 1é tdi hap thu nwdc). Két qua cho thdy phwong trinh hoi quy ¢é do twong thich
cao voi dir lieu thuc nghieém. Thong $6 161 uu dat dwoc: nhiét do scfy 59.5°C, van téc gi6 2.11 m/s, khoang cach
hong ngoai 0.26 m, cong sudt hong ngoai 1980 W: twong iing két qua muc tiéu: thoi gian sdy 6,93 gio, sudt
nang luong tiéu hao 9,84 kWh/kgHm tilé tai hdp thu nuoc phuc hoi dat1.6g, A/gm( Piéu kién hoat dong hé
thong sdy déanh gid ché dg t6i wu: nhiét dd nueée trung binh vio va ra khoi b calorifer la 40.5°C va 35°C, nhiét
¢ khéng khi vao va ra khéi bg calorifer lan heot la 31.1°C va 35.1°C. Tir két qua trén ta cé thé thdy duoc tiem
ndng cia viéc vmg dung hé thong say IR-ISD trong viéc ndng cao hiéu qua sdy cd, dong thoi gép phan vao viée
tdn dung nguon ndang hrong tdi tao bén virng.
Tir khéa: Ca di fillet, sdy hong ngoai, nang lwong mdt troi, sdy hong ngoai két hop ndng lwong madt troi
gidn tiép, toi wu héa, RSM, Taguchi.
ABSTRACT

This paper presents an experimental study aimed at optimizing the drying parameters for Sciaenidae fish
using a combined infrared radiation and indirect solar drying (IR-1SD) system. The Taguchi orthogonal array
design method combined with response surface methodology (RSM) was employed to investigate the effects
of four key factors (drying temperature, air velocity, infrared distance and infrared power) on three output re-
sponses (drying time, specific energy consumption and moisture reabsorption ratio). The results indicated that
the regression models exhibited a high degree of fit with the experimental data. The optimal drying parameters
were determined as follows: drying temperature of 59.5°C, air velocity of 2.11 m/s, infrared distance of 0.26
m, and infrared power of 1980 W. Under these conditions, the corresponding output responses were: drying
time of 6,93 hours, specific energy consumption of 9.84 kWh/kg,,,,, and moisture reabsorption ratio of 1.6 g, /
&y« The system’s thermal operating conditions under the optimal mode were as follows: the average water
temperature entering and leaving the calorifer was 40.5°C and 35°C, respectively; the air temperature enter-
ing and leaving the calorifer was 31.1°C and 35.1°C, respectively. These findings highlight the potential of the
IR-ISD system in enhancing the drying efficiency of fish products while promoting the sustainable utilization
of renewable energy sources.

Keywords: Sciaenidae fillet, infrared drying, solar energy, infrared—indirect solar drying, optimization,
RSM, Taguchi.
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I. PAT VAN PE

Trong bdi canh nhu cau tiéu thu thuy san
kho ngay cang ting cao, cong nghé siy déng
vai tro quan trong trong viéc ning cao chat
lugng, kéo dai thoi gian bao quan va gia tri
san pham. Theo Nguyén Thi Vang et al. 2020
[8] ca du (Sciaenidae) - mot ho ca phd bién
o Viét Nam voi hon 53 loai [5] la mot trong
nhitng ho céa ¢ gia tri kinh té cao va ngudn
loi 16n duoc dung dé lam thuc pham dudi
dang ca tuoi, c4 kho hay mot ning.

Hién nay, xuét khau ca kho tiép tuc tang,
tinh dén thang 4 nam 2025, kim ngach dat
26 tricu USD, tidng 65% so voi cung ky nam
truée [19]. Tuy nhién, cong nghé san xuat
c4 kho, dic biét 1a ca du, van chu yéu dya
vao phuong phap phoi ning truyén théng.
Céach 1am nay ton tai nhiéu han ché nhu kho
dam bao an toan vé sinh thuc phém, nhiét do
khong déng déu, toc do thoat 4m cham va do
4m cubi khong kiém soat duoc, dan dén suy
giam chét lugng san pham va kéo dai thoi gian
sdy [9]. Do d6, nhiéu nghién ctru da dé xuét
cac cong nghé sdy tién tién nhu vi song, bom
nhiét, birc xa hong ngoai (IR) hodc tich hop
nham cai thién hiéu qua séy va chat luong san
pham [4, 6]. Trong d6, say hong ngoai duoc
danh gia cao hon vi theo Salehi. 2020 [16]
cho rang phuong phap sdy bang IR c6 nhiéu
vu diém nhu nho kha ning dam xuyén cia
céc tia blrc xa vao thuc pham, truyén nhiét
tryc tiép cho san pham nong tir bén trong,
ting toc d6 sdy. Tuy nhién, theo Huang et al.
2021 [13] lai cho thay sdy bang IR ciing con
nhugc diém can phai cai thién dic biét 1a mirc
do tiéu hao niang lugng. Vi vay, viéc két hop
ning luong mat troi (NLMT) vao hé thong
sdy buc xa hong ngoai dé khic phuc nhiing
nhuoc diém cia n6 dd duoc nhiéu nha khoa
hoc nghién ctru va cho ra két qua kha thi vé
chat luong san pham ciing nhu ning lugng
tiéu hao nhu Aktas et al. 2016 khi say dua
[11] va Sevik et al. 2019 khi siy tdo va 14 bac
ha [20].

Déi v6i thuy san didc biét 1a ca du van con
thiéu cac nghién ctru chuyén sau vé tdi wu hoa

quy trinh sdy cho hé thdng IR-ISD. Xuat phat
tr thuc tién d6 nhom tac gia da nghién ciu
thuc nghiém t6i wu hoa qua trinh sdy ca du
b'fmg IR-ISD vé&i muc tiéu dé xuit dugc cac
thong ) sa”iy t6i vru (nhiét do séy, van tc gio,
khoang cach va cong suit hong ngoai) nhim
rat ngan thoi gian siy, giam nang luong tiéu
hao va tang ti 18 tai hip thu nudc ca du sau
sdy. Pong thoi trong nghién ctru con danh gia
chat luong cam quan, bién ddi thanh phan
héa hoc va chi tiéu vi sinh ca sau khi say.

II. POI TUQNG, THIET BI VA

PHUONG PHAP NGHIEN CUU

1. P6i twgng va vit li¢u nghién ciru

Dbi twong nghién ciru 1a ché do say tdi vu
cho ca du bang IR-ISD.

Vat liéu nghién cru 1a ca du tuoi, duogc
thu mua tai cdc chg Vinh Hai trén dia ban
Nha Trang, Khanh Hoa. Sau d6, ca dugc van
chuyén vé phong thi nghiém Truong Pai
hoc Nha Trang bang thung cach nhiét nham
dam bao diéu kién bao quan. Tai phong thi
nghiém, ca duoc so ché b6 dau, tach xuong,
voi khdi lugng con lai khoang 150 + 5 gam,
sau d6 dugc dua vao thyc nghiém trén may
s?iy [R-ISD. Nham loai bé mot phén nuoc tu
do trong c4, dong thoi dam bao ca sau khi siy
c6 mau sic tu nhién, vi ngot, cAu tric xép,
khong quéa dai, phu hop véi yéu cau thuc té
hién nay khi sir dung ca du sdy khé mot ning,
hai néng,...Theo d6, nghién ctru da lya chon
d6 am cua ca du sau khi sdy dat W = 40 + 1%.
Mirc @6 4m nay ciing phu hop v6i nghién ciru
ctia Kim et al. (2020) [14], khi sdy ca du vang
voi 46 am cudi dat tir 38.56% dén 47.38%.

2. May va thiét bi nghién ciru

2.1. Théng s6, cdu tao mdy sdy IR-ISD

May say IR-ISD c6 thong s nhu sau: cong
sudt mdi mé 3kg, téng cong suat dén hong
ngoai la 2 kW, cong suét quat glo cap 0,1 kW.
Théng sé van hanh: cong suat hong ngoai
tr 2002000 W, nhiét do say tr 25+70°C,
tbc do gio trong ta sdy tir 0.5+5 m/s, d6 4m
tuong ddi ciia tac nhan sy (TNS) tir 20+25%,
khoang cach tir dén hong ngoai dén Vat liéu
sdy (VLS) 0.1-0.5 m. Ngoai ra, may siy con
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c6 dan trao ddi nhiét calorifer dung nuéc
noéng tir tim thu NLMT (cong sudt 2500W,
dién tich bé mat hip thu 2.5 m?, hiéu suét hap
thu > 95%) dé gia nhiét cho TNS trudc khi

Cha thich:
1. Buong say

2. Khay sy

3. Pén hong ngoai
4. Dan calorifer

5. Quat gi6 cap

6. Ong gi6 cip

7. Van xa can

8. Bom nudc nong
9. Binh gian no

10. T4m thu ning
lugng mat troi
11. Van xa khi

12. Quat gi6 thai
13. Khong khi vao

14. Khong khi thai

vao budng say voi luu lugng bom nude ndng
2 m*h. Cau tao may say IR-ISD duoc trinh
bay trén Hinh 1.

(a) — Hinh anh cdu tao may sy IR-ISD, (b) — Hinh anh may sy IR-ISD thuc té

Hinh 1: Céu tao va nguyén Iy 1am viéc ctia may say IR-ISD

2.2. Thiét bi do sir dung trong nghién citu
Trong qué trinh thi nghiém, mot s6 thiét bi
do duoc str dung dé dam bao do chinh xac va
kiém soat cac thong sé k¥ thuét, cu thé gdm:

Dung nhiét ké Ewelly EW-285 (d6 chinh
xac £1°C, Trung Qudc) dé do nhiét do budng
sy

Dung nhiét ké tu ghi 4 kénh Tenmars-
747D (d¢ chinh xac +0.05% gia tri doc +
0.7 °C, Dai Loan) dé do nhiét do tam va bé
mat;

Dung am ké STC-3028 (d chinh xac
+1°C, 0.1% RH, Trung Qudc) dé do do 4m
tuong ddi tai budng sy;

Dung cin dién tir AND603 (cap chinh xéc
2, Pai Loan) dé can khéi luong ca du;

Dung ddng hd van ning Keweisi KWS-
AC300 (Trung Qudc) dé do tiéu thy dién
ning ctia mé sdy;

Dung cin sdy 4&m Ohaus MB120 (d6 chinh

128 o TRUONG DAI HOC NHA TRANG

xéc 0.05%, Trung Qudc) dé do ham luong 4m
ban dau c4 du;

Dung luu toc ké LM81AT (d6 chinh xac +
3%, Dai Loan) dé do van tdc tac TNS buéng
sdy.

3. Phwong phap nghién ciru

3.1. Phirong phdp bo tri thwc nghiém

Trong nghién ctru nay, véi muc tiéu danh
gi4 anh huong cua cac thong sb sdy dén thoi
gian sy T, ti 1& tai hdp thu nudc R, suat ning
lugng tiéu hao SEC . Nhom nghién ctru da st
dung phuong an quy hoach thyc nghiém ma
tran truc giao cua Taguchi [7] dé bd tri thi
nghiém cho viéc sdy ca du fillet. Cac tham
s6 dau vao va khoang bién thién anh hudng
chinh dén qua trinh sdy c4 du bing bic xa
hdng ngoai két hop NLMT gian tiép duoc
ké thira va chon lya tir két qua nghién ciru
cua nhiing nha khoa hoc nghién ctru trudce [1,
2,4, 6] dugc trinh bay ¢ Bang 1.
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Bang 1: Khoang bién thién thye nghiém ciia tham sé diu vao [1-3]

g Nhiét do Van téo TNs | COng sudt hong | Khodng céch

Bién thyc t [°C] o [m/s] ngoai hong ngoai

P[W] H [m]
Bién mi hoa X, X, X, X,

Muc cao 60 3 2000 0.35
Miic co 56 55 2 1500 0.30
Miic thap 50 1 1000 0.25

Khoéng bién thién 5 1 500 0.05

3.2. Phuong phap phan tich div lieu thuc
nghiém

Nhoém da sir dung phuong phap mat dap ung
Response Surface Methodology (RSM) dé phan
tich dir lidu thuc nghiém. Véi X 13 bién ma hoa
clia cac tham s6 dau vao X =tX,=w,X,=P,
X,=H;Yla két qua dau ra duoc ma hoa Y
Y =R,Y,=SEC. Tu do, xdy dung duoc phu:orng
trinh héi quy (PTHQ) bac 2 thé hién theo cong
thuc (1) [7].

Y=b, +Y bX, + 2 bX; +> bXX, (1)

Sau khi xay dung dugc cac PTHQ ta dung
phuong phép phan tich phuong sai ANOVA dé
danh gia mc do tuong thich va mic y nghia
clia cac co sb. Dung dai luong R, dé danh gia
do tuong thich phuong trinh véi dir liéu thuc
nghiém, dung dai luong P alup véi muc y nghia
o =0.05 dé d4nh gia cac he SO b trudc blen [7]

Dé danh gia anh hucmg clua cac thong s6 dau
vao (t, o, P, H) dén két qua thuc nghiém la cac
ham muc tiéu (t, R, SEC) nhom tac gia dung
cach vé& do thi bé miat dap img Response Surface
Plot.

Cudi ciing ding cong cu Response Optimizer
cia RSM dé xac dinh gia tri toi wu va thyc
nghiém kiém chimg.

4. Phwrong phap xac dinh cac thong so

4.1. Phurong phdp xdc dinh ham lwong am

Do 4m tire thoi ca du duge xac dinh theo cong
thie (2). Trong do, G, G, - khdi luong cé du ban
dau va tai thoi diém i; W , W.-do am tuong dbi
ca du tai thoi diém ban dau va thoi diém [9, 10].

W, =100—M [%] (2)

i

4.2. Xdc dinh i 1é tdi hdp thu nuée

Trong nghién ctru nay ti 1 tai hap thu nudc
R cho ca du fillet duoc ap dung phuong phap
twong tu nhu Le et al. 2024 [15], Chakraborty
etal. 2011 [12] khi say tom. Ca dui sau sdy dugc
ngém trong nudc cit & nhiét d6 moi truong (25 +
27)°C . Mau duoc mang ra can sau 30 phut/ 1an,
thi nghiém duoc 13p lai cho dén khi khéi lwong
ctia 2 mau lién tuc nhu nhau. Ti 18 tai hép thu
nude R duge tinh theo cong thic (3), véi G, -
khdi lugng ca du sau khi hép thu nude phuc hoi
[gam]; G, - khdi lwong ca du sau sdy [gam].

G
—= [gVLA /gVLK] 3)

GS
4.3. Xdc dinh sudt nang lwong tiéu hao cho
mé cd du fillet sdy bang IR-ISD
Suét nang lugng tiéu hao cho mé sdy ca du
fillet bang IR-ISD SEC theo Xiaoyong et al.
2015 [18] dugc tinh theo cong thiic (4).

SEC = ZE

My o

R =

[kWh kg, | (4)

Trong do: Y Ela tong tiéu hao dién ning cta
may sdy IR-ISD trén mé [kWh] m,., 1a Tugng
am thoat khoi ca du trong mé say (kg 0l )

4.4 Phuong phap xac dinh sai léch gitia két
qua 161 wu va thue nghiém

Cong thirc (5) duoc dung dé tinh toan sai sb
gitta két qua mo hinh t6i wu véi két qua thuc
nghiém E% [15].

100 | ¥i

E% = z| i,MH _Yi,TN| (5)
n Yl MH
Trong do: Yl M la g1a tri toi uu; Yy la gid

tri thue nghiém; n 1a s0 lan thi nghiém.
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III. KET QUA NGHIEN CUU VA THAO

LUAN

1. Két qua bd tri thi nghiém va két qua
thuc nghiém

Thi nghiém duoc tién hanh tai Nha Trang
trong khoang thoi gian tir thang 4 dén thang 6.
Nhiét d6 nudc va khong khi trude va sau dan
trao d6i nhiét (calorifer) do dinh ky 30 phiit mot
lan theo thoi gian sdy. Két qua cho thdy: nhiét
d6 trung binh cua nudc vao 1a 40.5°C, nudce ra
la 35°C; nhiét do khong khi vao la 31.1°C va
khong khi ra 14 35.1°C. Diéu nay ching t6 rang
viéc str dung nudc duge gia nhiét béng nang

luong mat troi gitip nang nhi¢t do khong khi
cAp vao budng sdy thém 4°C, tir 46 gop phan
giam tiéu hao ning luong trong qua trinh say.

Nguyén li€u ca du fillet dugc phan tich
thanh phﬁn dé xac dinh d6 4m ban dau, ghinhén
& murc 76.16%. D6 am sau sdy dugc xac dinh
bang phuong phép can cho dén khi dat mirc 40
+ 1%. MObi thi nghiém duoc 1p lai ba lan va lay
gid tri trung binh nhim dam bao do tin cdy cua
két qua. Két qua chi tiét cing ma trén bd tri thi
nghi¢m theo phuong phap Taguchi dugc trinh
bay trong Bang 2.

Bang 2: B6 tri va két qua thue nghiém

Bién ma hoa Bién thuc Két qua
t 0) H P T SEC R
XA 55 ey [ sy | ) | V| )| Wikl | Ty /2]
1 1 1 1 50 1 0.25 1000 8.0 10.0000 1.32000
1 1 1 1 50 1 0.25 1000 8.2 9.9333 1.27000
1 1 1 1 50 1 0.25 1000 8.0 9.8267 1.32000
1 2 2 2 50 2 0.30 1500 7.5 9.2267 1.43000
1 2 2 2 50 2 0.30 1500 7.4 9.4667 1.41000
1 2 2 2 50 2 0.30 1500 7.6 9.8000 1.45000
1 3 3 3 50 3 0.35 2000 8.0 10.9467 1.46000
1 3 3 3 50 3 0.35 2000 8.1 11.1200 1.50000
1 3 3 3 50 3 0.35 2000 8.2 11.0000 1.55000
2 1 2 3 55 1 0.30 2000 7.6 11.5733 1.39073
2 1 2 3 55 1 0.30 2000 7.5 10.5333 1.35305
2 1 2 3 55 1 0.30 2000 7.7 10.6533 1.38724
2 2 3 1 55 2 0.35 1000 8.2 11.5867 1.19812
2 2 3 1 55 2 0.35 1000 8.5 11.8133 1.14273
2 2 3 1 55 2 0.35 1000 8.3 11.9333 1.09059
2 3 1 2 55 3 0.25 1500 7.0 11.0533 1.53000
2 3 1 2 55 3 0.25 1500 7.5 11.3733 1.49000
2 3 1 2 55 3 0.25 1500 7.6 11.5333 1.71000
3 1 3 2 60 1 0.35 1500 7.2 9.8133 1.14273
3 1 3 2 60 1 0.35 1500 7.1 9.8000 1.17000
3 1 3 2 60 1 0.35 1500 7.3 10.0667 1.19812
3 2 1 3 60 2 0.25 2000 6.8 9.6333 1.60000
3 2 1 3 60 2 0.25 2000 6.9 9.6667 1.58000
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Bién ma hoa Bién thuc Két qua
3 2 1 3 60 2 0.25 2000 6.9 9.6400 1.57000
3 3 2 1 60 3 0.30 1000 7.5 10.1867 1.56512
3 3 2 1 60 3 0.30 1000 7.5 10.2533 1.59000
3 3 2 1 60 3 0.30 1000 7.6 10.3333 1.53667

2. Két qua xdy dung cac phwong trinh
hdi quy (PTHQ)

Tir két qua thyc nghiém trinh bay ¢ Bang
2, bang phuong phap nghién ctru mat dap tung
(RSM) ta xay dung dugc cac PTHQ du doan
thoi gian sy (6), ti 1é tai hip thu nudc (7) va
suat nang luong tiéu hao (8). Theo Nguyén
Hiru Loc 2021 [7] dua vao dai lugng R dé
danh gia su tuong thich cia PTHQ voi dit liéu
thi nghiém; con dé danh gia y nghia vé mat

thong ké cta cac co sb trude bién ta dung dai
luong P .. vOi mucy nghTa a = 0.05. Ngoai
ra, moi quan hé giita cac bién voi két qua dau
ra théng qua PTHQ con thé hién nhu sau: dau
trir, ddu cong cua hé s6 truge bién thé hién mbi
quan h¢ ti 1€ nghich, ti I¢ thuan véi ham muc
tiéu; co sd trude bién cang lon thé hién murc
do tac dong dén muc tiéu cang cao va nguoc
lai. Bang 3 va Hinh 2 trinh bay tom tit két qua
phan tich ANOVA va nhiing phan tich trén.

Bang 3. Két qua phan tich ANOVA ham muc tiéu siy ca du fillet bang IR-ISD

Thoi gian sdy Suét nang lugng tiéu hao Ti 1¢ tai hap thu nudc
Ngudn 1 [h] SEC [kWh/kg ] Rg, /8]
F-Value P-Value F- Value P-Value F- Value P-Value
Hbi quy 31.99 0.000 32.70 0.000 35.41 0.000
Bac nhit 47.82 0.000 15.17 0.000 64.21 0.000
t 102.96 0.000 343 0.081 1.34 0.263
0) 0.43 0.521 28.97 0.000 128.50 0.000
H 42.86 0.000 27.14 0.000 85.19 0.000
P 45.03 0.000 1.12 0.304 41.83 0.000
Béc hai 16.15 0.000 50.23 0.000 6.62 0.002
t2 14.29 0.001 168.54 0.000 8.78 0.008
o’ 1.75 0.202 6.14 0.023 2.21 0.154
H? 3.57 0.075 13.77 0.002 14.47 0.001
P2 45.01 0.000 12.48 0.002 0.99 0.332
R*(eq) (%) 93.43 93.56 94.03
R?(Adj) (%) 90.51 90.70 91.37
R2(Pred) (%) 85.21 85.52 86.56
2.1. Két qua xdy dung PTHQ di dodn thoi gian sdy

t[h] = — 8.56 + 0.909t — 0.2890 — 22.2H — 0.005189P — 0.00889t* + 0.0778w* + 44.4H* +

0.000002P? (6)

Két qua phan tich ANOVA (Bang 3) cho
thdy PTHQ du doan thoi gian sy T (6) co R,
> 93.43% thé hién sy tuong thich cao glu’a mo
hinh héi quy voi thuc nghiém. Céc co s6 trudc

bién t, H, P, 2, P? déu c¢6 y nghia vé mit thong
kéViP <O 05 (F alne 16n), didu nay cho théy
cac thong so sdy déu anh huong dang ké dén
thoi gian sdy ca du bang IR-ISD. Riéng véi

TRUONG DAI HOC NHA TRANG e 131



Tap chi Khoa hoc - Cong nghé Thity san, S6 3/2025

van toc TNS c6 Pv“jﬂue =0.521, Pv“;lue =0.202
(F,,,. nho) nhung co s6 pho s0 vOi cac co ,sé
khéac nén khong anh nhiéu dén thoi gian say,
Hinh 2b ciing cho thiy dugc van toc gio trong
mién tir 1-3m/s anh huong khong nhiéu dén
thoi gian siy. Hon nita, két qua nghién ctru
trén Hinh 2a, 2b con cho ta thiy rang khi ting

R[g,, /2] = 6.17 —0.2607t + 0.0120 + 16.29H — 9.08*10°P + 0.00239¢ + 0.030? —

30.74H? + 8.056*10*P?

Két qua phan tich ANOVA (Bang 3) va
PTHQ du doan ti 1é tai hap thu nudc R (7)
co R, = 94.04% thé hién su twong thich cao
gitta mo hmh hoi quy véi thye nghiém. Trong
do, cac co s6 trude bién o, H, P, 2, H? déu co
¥ nghia vé mat thong ké va anh huéng nhiéu
dn R (P, <0.05) vaF_ 16n, riéng nhiét
do sdy ¢o P

value

—0.154,P"

Value value

=0.263, bac hai cua cac bién
=0.332¢coP

>0.05 (F

value

8.0

TGS (h) 73

7.0 035

0.30

50 ——
B 025
t (dé ©) 60
(a)

R (gVLA/gVLK) "

t(d6C) 60

(©)
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TGS (h)

H (m)

1.4
R (gVLA/gVLK)

nhiét do, giam khoang cach IR déu goép phan
rt ngin thoi gian siy. Didu nay phu hop véi
cac nghién ctru Huang, D et al [13], Sevik, S et
al[17], Le Nhu Chinh. 2022 [3]. Con cong suat
IR c¢6 mbi quan hé tuyén tinh véi thoi gian sy.

2.2. Két qua xdy dung PTHQ du dodn ti 1¢
tai hdp thy nuée

(7)

bé) nén khong anh nhiéu dén ti 18 tai hip thu
nudce cua ca. Tuong tu, két qua trén Hinh 2c
2d ciing cho thdy rang tang gia tri cac thong sd
nhu vén toc gio, cong suat IR sé tang R; con
khoang cach IR va nhiét do siy lam thay d6i R
tuyén tinh. Do cac thong sb t, P, o, H d3 duoc
khao sat trudc cho phu hgp ca du nén tang P, ©
trong pham vi mién nghién ciru R ting nhung
ngoai mién nghién ctru R s& giam.




Tap chi Khoa hoc - Cong nghé Thiiy sdn, S6 3/2025

11.0
SEC (kWh/kg) '0°
10.0

9.5

50 \
55 1

t(d6 C) 60

(e)

11.5
SEC (kWh/kg)

10

105 |
025

030/ T / -

H (m)

()

Hinh 2: Anh huwéng cac thong s sdy diu vao dén ham muc tiéu (t, R, SEC)

(a) (b) - Anh hudng ctia cac thong sé dau vao dén TGS; (c) (d) - Anh huéng cua cac thong sb
dau vao dén R; (e) (f) - Anh hudng cia cac thong so dau vao dén SEC

2.3. Két qua xdy dung PTHQ du dodn sudt
nang lwong tiéu hao cho mé cd di fillet sdy

SEC[kWh/kg, ] =
148.6H* + 0.000001P>
Két qua phan tich ANOVA (Bang 3) cho
thdy PTHQ dy doan suit nang lugng tiéu hao
SEC(8)co R > 93.56% thé hién su trong thich
cao glu:a mo h1nh héi quy vai thue nghlem Cac
co s trude bién t, o, H, 2, @ H2, P2 déu cd y
nghia vé mit thong ké va anh hudong dén suat
tiéu hao nang lugng SEC (P, < 0.05), riéng
P’ . =0.304(P > 0.05)nén co y nghia thng
ké thap. Thong qua Hinh 2e, 2f dugc xay dung
tir phuong trinh s6 (8) ta c6 thé thay rang SEC
c6 mbi quan h¢ phi tuyén v6i nhiét do séy, van
toc gio, khoang cach va cong suat IR.

bang IR-ISD

—130.1 + 5.697t — 0.681® — 83.1H — 0.00437P — 0.05199t> + 0.248w* +

()

3. Két qua ché dd tdi wu ca du fillet say
bang hé théng IR-ISD

Sau khi xac dinh dugc PTHQ (6 - 8) ta dung
phuong phap Response Optimization cia RSM
dé xac dinh ché do siy ti wu ca du fillet trén hé
thong say IR-ISD véi muc ti€u nhu sau: thoi
glan sdy c4, suat ning luong tiéu hao qua trinh
say 12 bé nhét, ti 18 tai hap thu nudce 1a 16m nhat;
wu tién cho muc tiéu chat lugng 1a kha nang tai
htt nude phuc hdi cua c4, nén chon hé sb quan
trong la 3, cac muc ti€u con laila 1, cy thé duoc
trinh bay ¢ Bang 4.

Biang 4: Muc tiéu tdi wu va mién rang budc

STT Théong s6 Ky hidu Muc tiéu | Gi6i han tren | 101 han | Trong
dudi O

1 Nhiét do t[°C] Trong khoang 60 50
2 Van toc gio o [m/s] Trong khoang 3 1
3 Khoang cagh hong H [m] Trong khoang 0.35 0.25

ngoat

Cong suat hong \

4 . P[W] Trong khoang 2000 1000

ngoai
5 Thoi gian sdy t [h] Nhé nhat 8.5 6.8 1
6 | nanﬁ;:‘mg U SEC [kWhikg,, ]| Nho nhat 11.93 922 | 1
7 | Til¢ tai hép thunuoe | R [g,, /20 ] Lén nhat 1.6 1.10 3
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Két qua t6i vu nhiéu muc tiéu trén Hinh 3
cho thiy gia tri ky vong téng 1a 0.923. Gia tri
nay gan 100%, diéu nay cho thay két qua tdi
uu cho cac muc tiéu nhu t, R va SEC la phu
hop [7]. Nhu vay, thong sb sdy tdi wu cho ca
du siy bang IR-ISD nhu sau: nhiét do sdy t =

New

High
Cur
0,92286 | ow

59.5°C; cong suat hong ngoai P = 1980 W; van
tdc tac nhan siy o = 2.11 m/s; khoang cach
hong ngoai H = 0.26 m. Két qua thoi gian sy
ngan nhit 13 6.93 gio, ty 1& R cao nhét dat 1.6
gvm/ gy Va sut nang lwong tiéu hao SEC thap
nhat 1a 9.84 kWh/kg, . .

Composite
Desirability
0,92286

Thdi gia
Minimum
y = 6,9302
d = 0,90698

SEC (kWh
Minimum
y = 9,8366
d = 0,89248

R (gVLA/
Maximum
y = 1,5875
d = 0,93864

Hinh 3. Do thi tdi wu héa bang phwong phap RSM

4. Panh gia két qua mé hinh hdi quy véi
thue nghiém & ché dd t6i wu

Két qua nghién ctru trén Bang 5 ta thdy su
khéc biét gitra gia tri dg doan tir cac PTHQ so
v6i gid tri thuc nghiém 1a rat nho 6.1 + 8.1%,
diéu nay cho thdy sy phu hop giira PTHQ

voi thuc nghiém. Két luan trén tuong tu voéi
Nguyén Duc Khuyén 2018 [6] khi sdy c4 du va
Lé& Nhu Chinh 2020 [3] khi sdy tdm. Nhu vy,
ta c6 thé ap dung cac phuong trinh (6) (7) (8)
trén dé du doan cac muc tiéu nhu 7, R, SEC vao
nghién ciru 1y thuyét sdy ca du bang IR-ISD.

Bing 5: Panh gia két qua mé hinh hdi quy va thwe nghiém & ché d toi wu

o Két qua dy doan tir Két qua thuc Sai léch
STT Muc tiéu dau ra cac PTHQ nghiém [%]
1 Thoi gian say 1 [h] 6.5 6.2
Suét nang luong tiéu hao
2 SEC [kWhvkg,,, | 10.44 6.1
3 Ti 1€ tai hap thu nude 147 21
R |:gVLA/gVLK:|

5. Panh gia chat lrong ca du fillet siy &
ché d9 toi wu
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Bang 6: Panh gia chit lrgng cim quan va ti 1¢ tai hip thu nwéc ca da sdy

STT Sén phim Chat 1uc,m§ cam quan Ti I¢ tai hap thu nudc
(diém) Rig, /8]
1 | Ca dufillet sdy bang IR-ISD 18.35 1.47
Két qua nghién ciru trén bang 6 va Hinh 4 1.47 g, /8« Diéu nay cho thiy & ché do sy

cho thiy san phim c4 du kho c6 mau séc sang,
ddng déu, khong bi chay xém it bi bién dang
50 v6i san pham twoi v6i diém chat luong cam
quan dat 18,35 diém. C4 sau khi say dén do 4m
sau cung 40% co ti 1¢ hut nude phuc hdi cao dat

t6i wu qua trinh truyén nhiét truyén chit dién
ra hiéu qua, bé mat ca khong hinh thanh 16p
mang, cAu triic bén trong kho xép, thuat loi cho
qua trinh thoat 4m.

Hinh 4: Ca du fillet sau khi sy & ché dd sdy tdi wu

5.2. Panh gid bién doi thanh phan héa hoc

ca du truoc va sau say

Bang 7: Bién ddi thanh phin héa hoc ca du trwde va sau khi sdy

Y n . Tén mau
STT Chiticu Bonvi Mau ca i tuoi Mau cé da kho
1 Do am % 76.10 42.67
2 Tro % 1.52 2.46
3 Lipid % 3.17 2.48
4 Protein % 19.13 51.36
5 Carbonhydrate % 0.015 0.10

Két qua phan tich trén Bang 7 cho thiy ham
lwong 4m va protein chiém phan 16n ham lugng
clia ca ké ca kho va tuoi, cac thanh phan khac
nhu tro, lipid, carbonhydrate chiém ham luong
nho. P am cd sau siy 42.67% nén thoi gian
bao quan khong lau nhung bu lai chat lugng ca
lai ting cao, thoi gian sdy ngin, tiéu hao ning
lugng it.

Khi so sanh ham luong céc thanh phan hoa

hoc ciia ca trude va sau khi sy ta thay c6 thay
d6i dang ké. Cy thé ham lugng 4m va lipid
giam manh con tro, protein va carbonhydrate
tang manh. Protein sau sdy ting 63% thé hién
qua trinh sdy phu hop nén gitr lai duoc gia tri
dinh dudng cua ca, con lipid giam 22% thé
hién qua trinh sdy chit béo thoat theo am ra
khéi ca. Ham lugng carbonhydrate va tro tang
rat manh 85% va 62%, tuy nhién cac thanh
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phan nay chiém ham luong rat nho nén khong

anh hudéng nhidu dén chat luong ca sau siy, chi

yéu tang 1a do 4m giam nén ti trong ting 1én.
5.3. Panh gia chi tiéu vi sinh va an toan

thuwe pham ca di fillet sdy
Sau khi mang di phan tich vi sinh va an toan

thuc pham c6 két qua phan tich nhu Bang 8

Bang 8: Két qua chi tiéu kiém nghiém vi sinh va an toan thuc phim ca du fillet siy

STT | Chi tiéu kiém nghiém | Phuong phap kiém nghiém Két qua Danh gia

1 Coliforms ISO 4832:2006(*) <10 CFU/g Binh thuong

2 Escherichia coli ISO 16649 — 2:2001(*) <10 CFU/g Binh thuong

3 Salmonella TCVN 10780 — 1:2017(*) Am tinh/25g Binh thuong
Tong sd vi sinh vt ) % X \

4 hidm khi TCVN 4884 — 1:2015(*) | 3,6.103 CFU/g | Binh thuong
Téng s6 bao tir nAm . .

5 £ ISO 21527 — 2:2008(*) <10 CFU/g Binh thuong

men — moc

Két qua kiém nghiém (Bang 8) cho thay
cac chi tiéu vi sinh nguy hai cho stcc khde con
ngudi nhu Coliforms vi khuan gay tiéu chay,
nhiém trung; E. Coli 1 vi khuan giy ngd doc
thuc pham; Salmonella déu & mirc an toan. Céc
chi tiéu con lai nhu téng sd vi sinh vat hiém
khi, nAm mdc gy hu hong san phdm déu nim
trong gioi han an toan theo TCVN va ISO [1].
Tir d6 ta c6 thé thay rang c4 du fillet siy dat yéu
cdu an toan thuc phdm, khong c¢6 vi sinh vat
nguy hiém, khong c6 dau hiéu 6 nhidm.

6. Panh gia qua trinh siy

6.1. Panh gid toc dé sdy

Hinh 5 thé hién téc do sdy thuc nghiém ca

12

10

Téc do sdy [%/h]
[«)}

0

0.0 0.5 1.0 15 20 25

du & ché do t6i wu. Trong do, toc do sdy ting
manh trong 0,5 h du tién 10.83 %/h; tir khoang
thoi gian (0.5 = 2) h téc do sdy giam dan sau do
6n dinh dan véi toe do 6 %/h. Diéu nay thé hién
qué trinh sdy pht hop va hiéu qua, giai doan
dAu vat liéu con 4m nhiéu bé mat dé boc hoi
nén tdc do séy nhanh, giai doan sau am bé mat
it nén am trong vat liéu bat dau dich chuyén
dan tir tAm ra bé mit nén toc do sdy giam, cudi
cung tde do séiy cham do vat liéu bé mit ca bat
dau co rat dan dén kho thoat 4m, tuy nhién su
co rt bé mat vat liéu khong dang ké nén toc do
sdy giam rat nhe.

3.0 35 40 45 5.0 55 6.0

Thei gian sdy [h]

Hinh 5: Téc dd siy ca du fillet ¢ ché dé t6i wu
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6.2. Xdy dung dwong cong sdy va dwong
cong nhiét ¢ sdy

Két qua trén Hinh 5, Hinh 6 cho thiy hai
giai doan dic trung cla qué trinh sy c4 bang
IR-ISD. Trong d6, giai doan dau nang nhiét
1a tr (0 = 2) h, nhiét d6 tAm mau ting nhanh
tir 30°C 1€n 65°C, trong khi do am gidm manh
tir 75% xudng khoang 60%. Day la giai doan
bdc hoi nude ty do, voi toe do truyén nhiét va

80

00 05 10 15 20 25 30

35

bay hoi 4m cao. Giai doan tiép theo (2 = 6.5)
h dic trung boi te do giam dan giam dan.
Nhiét d6 tiém can 6n dinh (68 ~ 74)°C, trong
khi d6 4m giam cham do qua trinh bay hoi
nudc mao quan va lién két. Su giam tbc do
sdy ¢ giai doan nay phan anh hiéu qua truyén
am thap hon, ddng thoi goi ¥ can tdi uu hoa
ning lugng nhiam nang cao hiéu suit va chat
luong san pham.

Nhiét db [°C]

40 45 50 55 60 65

Thei gian sdy [h]

«=@==D03 am TN trung binh

e=de=Nhiét 6 TN tdm

Hinh 6: Puong cong siy va nhiét do siy

IV. KET LUAN VA KIEN NGHI

1. Két luan

Nghién ctru da muc tiéu sdy ca du fillet
bang hé théng IR-ISD theo phuong phap bd
tri thi nghiém Taguchi va phan tich di li¢u
RSM cho ra PTHQ (6 +8) tuong thich cao
v6i thue nghiém. Céac phuong trinh nay cho
phép du doan chinh xac thoi gian sdy, sut
ning lugng tiéu hao, ti 18 tai hap thy nudc
phuc hoi cua ca du. N6 1a co s& quan trong
khi tinh toan thiét ké h¢ thong sdy IR-ISD véi
quy mo cong nghiép. Thong s sdy tdi wu t =
59.5°C, ® = 2.11 m/s, H=0.26 m, P = 1979
W véi thoi gian sdy T = 6.938 h, sut tiéu hao
ning lugng SEC = 9.84 kWh/kg, ty 1¢ tai hap
thu nuéc R = 1.58 g /g .. Bén canh hi¢u
qua vé mat nang lugng va thoi gian, sdy bang

hé théng IR-ISD con dam bao chat luong
vi sinh, an toan thuc phim, chit lwong cam
quan va ti 1¢ tai hap thy nudc phuc hoi tot cua
san pham. Ngoai ra, n6 con chung to rang hé
théng trén c6 toc do sdy cao, phu hop véi dic
tinh truyén nhiét truyén chét cho ca du, dap
mg yéu ciu ché bién va bao quan.

2. Kién nghi

Nhu ta da biét, thong sé nhiét vat 1y ca
du phu thudc vao nhiéu yéu td, trong d6 anh
huong nhiéu nhét 1a do am va nhiét do cua
c4. Kién nghi nghién ctru va xic dinh thong
s6 nhiét ca du theo nhiét d6 va thanh phan
hoa hoc. Tu d6 xac dinh truong nhiét truong
am ca theo mo phong rdi so sanh véi thyc
nghiém.
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