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Tom tat:

C4 dira (Pangasius krempfi) 12 10ai thity san c6 gia tri cao, nhung cic phwong phap sy truyén théng nhw phoi ning va siy 1o
thong thudng c6 mot s6 han ché, bao gdm thoi gian siy kéo dai, chét lrong san phadm khong dong déu va kiém soat quy trinh
han ché. Nghién ciru nay nhim ti wu héa qua trinh sy c4 dira bang cong nghé siy két hop bom nhiét va birc xa hong ngoai.
Thi nghiém dwgc thiét ké theo phwong phap bé mit dap ing (RSM) véi bén yéu 6 khao sat: nhiét d siy (40-60°C), vén toc
gi6 (1-3 m/s), chidu day nguyén li¢u (1-2 cm) va néng do dung dich sorbitol (5-25%). Cac chi tiéu danh gia gom: thoi gian
sdy, ty 1¢ hoan nguyén, diém cam quan va hoat d9 nlr()'c Dt'r li¢u dwgrce xir Iy bang phwong phap hoi quy bac hai va phﬁn tich
phu’0'ng sai (ANOVA). Két qua cho thay, nhiét d¢ say va nong do sorbitol c6 dnh hwéng dang ké dén cac chi tleu chit luwong

san pham (p<0,01). Dleu kién t6i wu gom: nhiét do 60°C, van toc gi6 1,4 m/s, chiéu day nguyén li¢u 1,0 cm, nong do sorbitol
5%, gitup dat thoi gian say 5,2 gio, ty 1¢ hoan nguyén 63%, cam quan 18,34/20 va hoat do nuwéc 0,57. Két qua gép phan hoan
thién co sé khoa hoc cho tng dung cong nghé sz"ty két hgp trong ché bién c4 dira va cac sén pham thiiy san twong tu.

Tir khda: birc xa hdng ngoai, ca dira (Pangasius krempfi), chi tiéu chét lrgng sin phim, siy bom nhiét, tdi wu héa.
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Abstract:

Pangasius krempfi is a high-value aquatic species; however, traditional drying methods such as sun drying and
conventional kiln drying present several limitations, including extended drying time, inconsistent product quality,
and limited process control. This study aimed to optimise the drying process of P. krempfi using a hybrid drying
technology combining a heat pump and infrared radiation. The experimental design followed response surface
methodology (RSM) with four independent variables: drying temperature (40-60°C), air velocity (1-3 m/s), material
thickness (1-2 cm), and sorbitol concentration (5-25%). Evaluation criteria included drying time, rehydration rate,
sensory score, and water activity. Experimental data were analysed using second-order regression and analysis of
variance (ANOVA). The results indicate that drying temperature and sorbitol concentration had a significant impact
on product quality parameters (p<0.01). The optimal conditions were determined as a drying temperature of 60°C,
an air velocity of 1.4 m/s, a sample thickness of 1.0 cm, and a sorbitol concentration of 5%, yielding a drying time of
5.2 h, a rehydration rate of 63%, a sensory score of 18.34/20, and a water activity of 0.57. These findings contribute
to strengthening the scientific basis for the adoption of combined drying technologies in the processing of P. krempfi
and similar aquatic products.

Keywords: heat pump drying, infrared radiation, optimisation, Pangasius krempfi, product quality parameters.
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1. Dt van de

Ca dira, mot loai ca dong co kich thude trung binh, ndi
bat véi tde do sinh trudng nhanh va gia tri kinh té cao nho
vao thit ca twoi ngon va d& ché bién. Ca dra truong thanh co
thé dat kich thudc 38-45 cm sau 2 ndm nudi va c6 thé sdng
dén 4-5 nam hodc 1au hon trong moi truong tu nhién. Hién
nay, san phém ca dtra chu yéu duoc ché bién dudi dang tuoi
(d6ng lanh, uwép mudi) va kho, trong d6 ca dira kho ngay
cang dugc wa chudng vi kha nang bao quan lau dai va tinh
linh hoat trong ché bién thanh cic mén an hip dan.

Tuy nhién, viéc siy kho ca dira hién nay van chi yéu ap
dung cac phuong phép truyén thong nhu phoi ning hodc say
bang 16 thu cong. Nhitng phuong phap nay c6 nhiéu nhugc
diém nhu: phu thudce vao diéu kién thoi tiét, chit luong san
pham khong dong déu, ton dién tich va cong lao dong phu,
ddng thoi kho ¢ thé co gidi hoa hay ty dong héa quy trinh.
Céc nghién ctru trude day da chi ra rang, viée sit dung cac
cong nghé say hién dai nhu sdy lanh két hop véi birc xa hdng
ngoai va bom nhiét ¢ thé khic phuc nhitng nhuoc diém nay
va mang lai nhiéu loi ich vuot troi trong ché bién thuc phém
thity san [1-3]. Trong khi phuong phap sdy truyén théng
nhu phoi ning hodc sdy bang 16 thii cong thuong mét nhiéu
thoi gian va co chét luong san pham khong dong déu [4],
phuong phap siy lanh két hop birc xa hong ngoai gitip giam
thoi gian sy va dam bao chit lugng san phdm duoc bao
toan. Sdy bang birc xa hong ngoai ddc biét hitu ich trong
viéc gia nhiét nhanh chéng ma khong lam giam chat lugong
ctia cac thanh phan hoa hoc va dinh dudng trong ca dia.
Hon nita, khi két hop v6i bom nhiét, phuong phép nay gitp
duy tri nhiét do on dinh, giam thiéu su bién tinh cua nguyén
lidu, dong thoi tiét kiém ning luong va ting hiéu qua san
xuét [5-7]. Trong ché bién thiy san, dic biét voi cac loai ca
c¢6 ham luong dam cao nhu cé4 dta, cong doan sdy dong vai
tro quan trong trong viéc kéo dai thoi han bao quan va nang
cao gia tri str dung. Tuy nhién, cdc phuong phap sdy truyén
thdng nhu phoi ning hodc siy nhiét cudng birc thuong kéo
dai 10-18 gio, gy ton that cam quan, giam kha ning hoan
nguyén va tiéu ton nhiéu ning luong. Didu nay dit ra nhu
cau cap thiét vé cac giai phap sdy tién tién, co kha ning rat
ngin thoi gian xir 1y, tiét kiém ning luong va duy tri chat
luong san pham sau sdy.

Trong bdi canh d6, cong nghé siy bom nhiét két hop
buc xa héng ngoai dang nhan duoc nhiéu su quan tdm nho
kha ning kiém soat nhiét & on dinh, giam ton hao nhiét va
dé trién khai & quy mé vira va nho. Viéc nghién ciru va tmg
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dung cong nghé nay cho ca dia - mot loai cé c6 gia tri kinh
té cao nhung chua duoc nghién ciru chuyén sdu vé t6i uu
quy trinh sy 13 hét stc can thiét. Khac véi cac nghién ciru
trugc ddy, chi chii yéu tap trung vao cac ddi tuong nhu ca
com hodc myc, nghién ctru ndy 1a céng bd dau tién ap dung
ddng thoi cong nghé siy bom nhiét va birc xa hdng ngoai
cho ca dira. Két qua khong chi chiing minh hiéu qua cong
nghé méi trong viéc giam thoi gian sy hon 50%, ma con
dam bao chit luong cam quan va an toan thuc pham, dap
ung yéu cau cua thi truong hién dai.

Vé mit hoc thuat, nghién ctiru déng gop bang cach xay
dung md hinh t6i wvu héa da muc tiéu thong qua phuong
phap RSM két hop thiét ké trung tdm xoay (CCD), phan
tich twong quan, hdi quy va kiém dinh thong ké. Nhiing két
qua dat dugc tao tién dé khoa hoc viing chic cho viéc mé
rong tng dung cong nghé say két hop trong nganh thuy san,
dong thoi 1am rd dinh hudng chuyén giao cong nghé cho cac
doanh nghiép ché bién trong nudc, dic biét trong bdi canh
yéu cau chat luong cam quan va vé sinh an toan thyc pham
ngay cang tang.

2. Vat liéu va phuong phap nohién ciu
2.1. Vit ligu

Cé dira tuoi sir dung trong nghién ciru c¢6 khdi lwong
300-500 g/con, dugc thu mua khi con sdng tir huyén Can
Gio, TP. H6 Chi Minh, véi do am ban dau 75,30%. Cé dugc
so ché cling quy trinh va thyc hién trong cting ngay nham
dam bao tinh dong nhét vé nguyén liéu va giam sai s6 ngiu
nhién gitra cac nghiém thirc. Ca dwoc gy mé nhe bang cach
ngam da, sau d6 bao quan bang da lanh trong thung x6p
cach nhiét va chuyén vé phong thi nghiém Truong Pai hoc
Cong Thuong TP. H6 Chi Minh. Tai phong thi nghiém, ca
dugc rira bang dung dich nudc mubi 1% trong 5 phut dé
loai bo tap chat, sau d6 ngdm trong dung dich sorbitol (5-
25%) tuy theo ting thi nghiém trong 30 phiit nhim ting
kha nang tai hydrat hoa (hoan nguyén) va gitt mau ty nhién.
Tiép theo, ca dugc chan nhanh trong nudc s6i 90°C trong
15 gidy, dé rao, ri sdy bang thiét bi bom nhiét két hop burc
xa héng ngoai dén khi dat do 4m 22+0,3%. Qua trinh séy
dugc theo dai lién tuc va két thuc khi khdi lugng mau on
dinh trong 2 14n can lién tiép cach nhau 30 phut, tvong tmg
d6 4m xac dinh dat 22+0,3% theo phuwong phép say dén khoi
luong khong ddi & 105°C. Trong qué trinh xir 1y so by, ca
dira duoc rira bang dung dich nudc mudi 1% trong 5 phut
theo ty 1¢ 1:5 (W/v) dé loai bo nhét va vi sinh vat bam ngoai,
phi hop véi quy trinh xir 1y ¢ bién da dugc cong bd [2, 5].
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Sau do, ca dugc ngdm trong dung dich sorbitol 2-12% vai ty
1€ nguyén li¢u:dung dich 1:4 (w/v) trong 30 phut, dam bao
ngap mau hoan toan khi st dung khay chtra phu hop. Tiép
theo, mau dugc chan nhanh & 90°C trong 15 gidy, véi ty 18
nuée chan 1:4 (w/w), nham bat hoat enzyme, 6n dinh mau
va chuin hoa diéu kién true sdy. Cac thong sé nay dugc
xéc 1ap tir tai liéu tham khao va diéu chinh qua khao sat so
b6 dé phi hop vai dac diém mé co mém va ham lwong nude
cao cua ca dua [2, 3].

2.2. Phwong phdp nghién ciru
2.2.1. Phuong phap nghién cieu thuc nghiém

Thi nghiém duoc thiét ké theo phuong phap RSM, cu thé
1a str dung mé hinh CCD nhim danh gi4 anh huéng dong thoi
ctia bon yéu td: néng dg sorbitol (Z, %), nhiét do séy 2,
°C), van tdc gi6 (Z,, m/s) va chiéu day nguyén lidu (Z,, cm)
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dén thoi gian sy (Y, h) va cac chi tiéu chat lugng san pham.
Trong do, Y : Thoi gian sdy (gio) - phan anh hiéu sudt qua
trinh séy, Y,: Ty 1€ hoan nguyén (%) - kha nang hat nude
trd lai ctia san pham sau sdy, Y. Piém chét luong cam quan
(thang diém 20) - danh gia cam quan tong hop (mau, mui,
vi, trang thai), Y,: Hoat d0 nudc (a, ) - chi sb lién quan dén
kha ning bao quan va 6n dinh vi sinh. Muc tiéu cta nghién
ctru 1 xay dung md hinh toan hoc mé ta mdi quan hé giira
cac yéu td dAu vao va cac bién diu ra, tir d6 t6i wu hoa didu
kién séy dé dat duoc chat lugng san phém cao nhat trong
thoi gian siy ngin nhit. S6 lugng thi nghiém duoc xac dinh
dua trén mo hinh CCD, bao gém céc diém tam, diém gbc va
diém sao, voi téng s6 20 thi nghiém. D liéu dugc ma hoa
theo hé toa d6 khong thir nguyén dé chuan hoa gia tri thuc
nghiém, gitip xay dung mo hinh hdi quy bac hai (bang 1).

Bang 1. Thiét ké thi nghiém cong doan say bom nhiét két hop birc xa hdng ngoai ca dira.

TN Z Z Z Z X X X X X

1 2 3 4 1 2 3 4 12

X X X X X Y Y. Y Y

13 14 23 24 34 1 2 B 4

1 50,0 2,0 1,5 150 0 0 0 0 0 0 0 0 0 0
2 40,0 1,0 2,0 250 -1 -1 +1 +1 -1 -1 -1 +1 +1 +1
3 60,0 1,0 1,0 250 +1 -1 -1 +1 -1 -1 +1 -1 ol -1
4 50,0 2,0 1,5 150 0 0 0 0 0 0 0 0 0 0
5 60,0 3,0 1,0 25,0 +1 +1 -1 -1 +1 +1 +1 -1 +1 -1
6 60,0 3,0 2,0 25,0  +1 +1 +1 +1 +1 +1 +1 +1 +1 +1
7 40,0 3,0 1,0 250 -1 +1 -1 +1 -1 +1 -1 -1 +1 -1
8 40,0 30 1,0 50 -l +1 -1 -1 -1 +1 +1 -1 -1 +1
9 60,0 1,0 2,0 5,0 +1 -1 +1 +1 -1 +1 +1 -1 -1 +1
10 60,0 3,0 2,0 5,0 +1 +1 +1 -1 +1 +1 -1 +1 -1 -1
11 40,0 10 20 50 -l -1 +1 -1 +1 -1 +1 -1 +1 =il
12 50,0 2,0 1,5 150 0 0 0 0 0 0 0 0 0 0
13 60,0 30 1,0 50  +l +1 -1 -1 +1 -1 -1 = -1 +1
14 40,0 1,0 1,0 250 -1 -1 -1 +1 +1 +1 -1 -1 -1 -1
15 50,0 2,0 1,5 150 0 0 0 0 0 0 0 0 0 0
16 40,0 1,0 1,0 50 -1 o -1 -1 +1 +1 +1 +1 +1 +1
17 60,0 1,0 2,0 250 +1 -1 +1 +1 -1 +1 +1 -1 -1 +1
18 40,0 3,0 20 250 -1 +1 +1 +1 -1 -1 -1 +1 +1 +1
19 40,0 3,0 2,0 5,0 -1 +1 +1 -1 -1 -1 +1 +1 -1 -1
20 60,0 1,0 1,0 5,0 +1 -1 -1 -1 -1 -1 -1 +1 +1 +1

Z,: nhiét do séy (°C); Z,: van toc gié (m/s); Z,: chiéu day nguyén liéu sdy (cm); Z,: ndng do sorbitol ngam nguyén liéu (%); Y.: thoi gian séy kho san
phadm (gio); Y,: ty 1& hoan nguyén ciia san pham (%); Y,: tong diém chét lvong cam quan (diém); Y,: hoat do nwdc san pham.
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Céc yéu t6 dau vao dugc ma hoa theo hé toa do khong
thir nguyén nham chuin hoa gia tri thuc nghiém, gitip so
sanh va xay dung mé hinh hdi quy bac hai. Cong thirc ma
hoéa dugc ap dung nhu sau:
Zi—Zy
Az

trong do: X, 1a gia tri ma hoéa cua bién; Z la gia tri thuc
nghiém; Z la gia tri trung tdm; AZ la khoang bién thién cua
bién d6. Mi hoa theo cong thirc nay gitip mé hinh hdi quy
dat tinh dong nhét vé don vi va thuan loi trong xtr 1y thong
ké.

Mb hinh hdi quy bac hai c6 dang tong quat:

Y =B+ X 8 Xi+ Y2 BuXi + X BiiXiXj+e (2

trong do: X la cac yéu t6 ddu vao da ma hoa; £ 1a cac hé sb
hdi quy; & 14 sai s6 ngau nhién.

M6 hinh nay duoc kiém tra d6 phu hop thong qua
ANOVA, vdi cac tiéu chi: (1) Hé s6 xac dinh, (R?): Kiém
tra murc d6 phi hop ctia mé hinh; (2) Gia tri p-value: Néu
p<0,05, yéu t6 c6 anh huong dang ké; (3) Kiém tra Lack of
Fit: Néu p>0,05, mé hinh dugc xem la phi hop; (4) Panh
gid trong tac cac yéu td qua biéu dd Contour Plot va Surface
Plot.

Téi wu héa duge thyc hién bang ham mong mudn
(Desirability function) trong Statgraphics Centurion XVI,
nham tim diéu kién t6i wu cho thoi gian séy ngén nhit, ty 1€
hoan nguyén cao nhét, diém chét luong cam quan cao nhét
va hoat d6 nudc thap nhit. Téi wu hoa khong duoc thyc
hién riéng 1¢ timg muc tiéu ma sir dung ham mong mudn
tong hop, két hop dong thoi bdn muc tiéu dau ra. Mdi bién
dau ra Y, duoc chuyén thanh mt ham con mong mudn d,
trong khoang [0,1], phan &nh mtrc d§ hai long theo hudng
t6i wu: d, 1a t5i thiéu héa Y (thoi gian sdy), d, 1a ti da hoa
Y, (ty 1¢ hoan nguyén), d, la t6i da hoa Y, (cam quan), d, 1a
toi thieu hoa Y, (hoat d nude). Ham tong hop D duogc tinh
theo cong thuc:

D=(d,xd xd xd,)" 3)

Gia tri D cang gan 1 cho thiy murc d6 t6i uu tong thé
cang cao. Phan mém Statgraphics Centurion XVI (phién
ban 16.1.11 - StatPoint Technologies, Inc., Hoa Ky) dugc
sir dung dé xéac dinh t6 hop diéu kién déu vao twong tng véi
gia tri D cuc dai.

%HI\?G?-IE 68(2) 2.2026

Ty 1€ hoan nguyén (rehydration ratio) dugc tinh theo
cong thuc:

T§ 18 hoan nguyén (%) = (2 x 100
1

“
trong d6: m, 14 khdi lrong mau sau sdy; m, la khéi luong
sau khi ngdm trong nudc ct & nhiét dé phong trong 10 phat
va dé rao nudc. Chi sé ndy phan anh kha ning hat am tro
lai ctia san pham say, 1a mot tiéu chi quan trong trong danh
gia chét luong két cAu va kha niang phyc hdi hinh dang thuc
pham khé.

Dit liéu thi nghiém cho thy, nhiét do sdy (Z,) dao dong
tir 40 dén 60°C v&i gid tri trung binh 50°C, trong khi véan toc
gi6 (Z,) thay déi tir 1,0 dén 3,0 m/s véi trung binh 2,0 m/s.
Chiéu day nguyén liéu (Z,) dao dong tr 1,0 dén 2,0 cm, con
nong do sorbitol (Z,) c6 khoang gia tri tir 5 dén 25%. Méi
to hop thi nghi€ém dugc thuc hién voi ba lan 1ap lai doc lap
(n=3) (bang 1). Hinh anh trong bai chi mang tinh minh hoa
mot phan quy trinh, khong dai dién cho toan bd s6 lugng
mau thuc nghiém.

2.2.2. Phwong phdp xdc dinh cdc théng sé cong nghé

Nhiét do siy do bang thiét bi SGK-MF-904 (Hong
Kéng, sai s6 £0,5°C). Van tdc gié do bang Testo 405 - V1
(Puc). Nong do sorbitol sir dung dung dich tinh khiét tir
Merck (Dirc). Po 4m vit liéu sdy xac dinh bang phuong
phap siy dén khéi luong khong dbi ¢ 105°C. Hoat do nudc
(a,) dugc xac dinh bﬁng may do hoat d§ nudc LabMaster-
aw (Novasina, Thuy Sy) theo phuong phap dién tro/dién
dung & nhiét d6 phong (25+1°C). Mdi mau dugc do 3 1an va
liy trung binh. Ty 1¢ hoan nguyén (Hw, %) xac dinh bang
cach ngdm mau sdy kho trong nudc cat, can khdi luong
true (m,) va sau ngdm (m,) dé tinh todn.

H, = 2" (%) Q)

my

Chat lwong cam quan (Q, diém) danh gia theo TCVN
3215:1979 trén thang diém 20. Xac dinh vi sinh vat
theo cac tiéu chuan TCVN: tong s6 vi sinh vat hiéu khi
(5367:1991), E. coli (7924-2008), Coliforms (4882:2007),
Salmonella (4829:2005), Vibrio cholerae (7905-1:2008),
Staphylococcus aureus (4830-1:2005).

2.2.3. Phwong phdp xit Iy s6 liéu

Mbi nghiém thirc duge 1ap lai ba lan. Dir lidu dugc
phan tich bang phuong phap théng ké, kiém dinh ANOVA,
md hinh hoi quy bac hai va t6i wu héa bang phan mém
Statgraphics Centurion XVI, phién ban 16.1.11 (StatPoint

n



Technologies, Inc., Hoa Ky) va Excel. Biéu dd Contour Plot
va Surface Plot duoc sir dung dé trye quan hoa xu huéng dir
lidu va tim diém t6i wu nhat. V& d6 thi bang Python. Mic du
nghién ctru chua trién khai phan tich d§ nhay riéng biét cho
ting bién, nhung d6 tin cdy ctia mé hinh dugc danh gia gian
tiép thong qua ANOVA. Cac khoang tin ciy 95% va sai sO
chudn cua hé sb hdi quy déu duoc kiém tra trong mé hinh,
dam bao do chinh xéac khi du doan va xac dinh diém téi wu.

3. Két gua va ban luan
3.1. Téi wu thuwe nghiém séy cd diva
3.1.1. Phan tich thong ké, twong quan va ANOVA

Két qua tdi wu hoa thuc nghiém séy c4 dia dugc thé hién
O bang 2.

Bang 2. Két qua thwc nghiém theo ma tran thi nghiém céng doan
say bom nhiét két hop birc xa héng ngoai ca dira.

™ z, z, Z, Z, Y, Y, Y, Y,

1 500 20 15 150 62 60 18 0,71
2 400 1,0 20 250 78 565 1688 088
3 600 10 1,0 250 55 61,8 1808 0,63
4 500 20 15 150 62 60 18 0,71
5 600 30 1,0 250 53 622 1828 061
6 600 30 20 250 58 62 18,15 0,71
7 400 30 10 250 68 579 1768 087
8 400 30 10 50 55 585 1788 065
9 600 1,0 20 50 64 624 1818 0,67
10 600 30 20 50 62 623 1816 0,68
11 400 1,0 20 50 68 579 1782 085
1250 20 15 150 62 60 18 0,69
13 600 30 1,0 50 52 628 1828 051
14 400 1,0 10 250 76 571 1698 086
15 500 20 15 150 62 60 18 0,71
16 400 10 10 50 66 588 1797 0,78
17 600 10 20 250 61 61,5 1805 066
18 400 30 20 250 65 57,5 1732 084
19 400 30 20 50 53 58 17,78 0,73
20 600 1,0 10 50 50 63 1838 0,56

Z,: nhiét do séy (°C); Z,: van toc gi6 (m/s); Z,: chiéu day nguyén liéu sdy
(cm); Z,: ndng dd sorbitol ngadm nguyén ligu (%); Y,: thoi gian sy kho
san pham (gio'); Y,: ty 1& hoan nguyén cda san pham (%); Y,: téng diém
chat lwgng cam quan (diém); Y,: hoat do nwdc san pham.
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Vé cac bién dau ra, thoi gian sdy trung binh 1a 6,16
gio, ty 1¢ hoan nguyén trung binh dat 60,01%, chét lugng
cam quan dat mac 17,89 diém va hoat do nudc trung binh
1a 0,715 (bang 2). Nhiét do sdy (Z,) c6 mdi twong quan
manh véi ty 1¢ hoan nguyén (Y,, R=0,967) va chét luong
cam quan (Y,, R=0,743), diéu nay cho thdy nhiét do co
anh huong quan trong dén kha ning tai hydrat héa (hoan
nguyén) va dic tinh cdm quan cua san pham. Hoat d6 nudc
(Y,) c6 twong quan nghich véi nhigt do sdy (Z,, R=-0,787),
nghia la khi nhiét d6 tdng, hoat dd nude giam, gitip bao quan
san pham tt hon. Trong khi do, van tdc gio (Z,) va chiéu
day nguyén li¢u (Z,) c6 tuong quan yéu véi cac bién dau ra,
cho thay ching c6 anh huong nhung khong dang ké. Phan
tich phuong sai cho thdy, thoi gian siy (Y,) chiu anh huong
manh nhét tir nhiét d siy (F=14,02, p=0,002), toc do gié va
ndng do sorbitol ciing c6 anh huong dang ké (p<0,05), ty 1é
hoan nguyén (Y,) chiu anh hudéng rat manh tir nhiét do sdy
(F=12,10, p=0), trong khi ndng do sorbitol ciing cé tac dong
déng ké (F=48,94, p<0,0001), chat luong cam quan (Y,) bi
anh huong dang ké boi nhiét do sdy (F=40,00, p<0,001) va
néng dd sorbitol (F=13,32, p=0,003), hoat do nudce (Y,) phu
thugc chu yéu vao nhiét do siy (F=65,39, p=0), v4i mot
mirc anh huong dang ké tir chidu day nguyén liéu va nong
do sorbitol.

3.1.2. Phan tich héi quy, t6i wu héa va d chinh xdc cia
mo hinh

Tu dir liéu thuc nghiém, cic phuong trinh hoi quy bac
hai dwoc xdy dung dé mo ta anh hudng cia cic bién diu
vao (X -X,) va cac tuong tac dén cac bién dau ra (Y,-Y).
Céc md hinh hdi quy cho d phi hop tir trung binh dén cao
(R? dao dong 0,683-0,988), trong d6 md hinh dy doan ty 1€
hoan nguyén (Y,) c6 d6 phu hop rat cao. ANOVA cho bén
phuong trinh hdi quy bac hai mé ta anh huong cia cac yéu
t6 dén thoi gian siy (Y)), ty 1€ hoan nguyén (Y,), cam quan
(Y,) va hoat do nudc (Y,) duoc trinh bay trong bang 2. Két
qua cho thay, cac yéu tb X, (nhiét d6 sdy) va X . (ndng do
sorbitol) ¢6 anh huéng dang ké dén Y, va 'Y, v6i p<0,01.
X, anh hudng rat manh dén Y, (p=2,36x10"°), khing dinh
vai tro quyét dinh ctia nhiét do d6i véi chat luong phuc hoi
sau sdy. Yéu t6 tuong tac X xX, ciing ¢6 anh hudng dang
ké dén cam quan (p=0,0247). Cac gié tri p nho cho thay, cac
mb hinh x4y dung 14 c6 ¥ nghia thong ké va phu hop véi dit
liéu thuc nghiém. Phéan tich mdi twong quan gitra cac bién
va ham muc tiéu cho két qua nhu sau:
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Thoi gian say kho san pham (gio):

Y, = 10,99 - 0,123X, - 1,37X, - 1,21X, + 0,197X, +
0,026X X, + 0,045X X, - 0,0029X X, - 0,175XX, -
0,018X X, (6)

Kha ning hoan nguyén cua san pham (%):

Y, = 60,01 + 4,475X, + 0,275X, - 0,5X, - 0,9X, -
0,125X X, + 0,1X X, + 0,15X, X, + 0,1X,X,+ 0,4X,X, + 0,1
25X X, (7)

Chét lugng cam quan (diém):

Y,= 17,00 + 0,035X + 0,55X, - 0,376X, - 0,107X, -
0,011X, X, +0,001X X, + 0,009X,X, +0,013X,X,  (8)

Hoat d6 nudc san pham:

Y, = 0,7155 - 0,17875X, - 0,03625X, + 0,06875X, +
0,07875X, + 0,03375X X, - 0,03375XX, - 0,03125X X, +
0,03625X X, - 0,03875X X, (9)

Phuong trinh (6) cho thay, nhiét do siy c6 hé s6 am
(-0,123) dén dén khi nhiét do tang, thoi gian siy giam nhe.
Téc do gi6 va chiéu day nguyén liéu c6 anh huéng manh
(-1,37 va -1,21), nén khi toc do gié ting hodc chiéu day
giam, thoi gian say ngan hon. Nong d¢ sorbitol c6 hé s6
dwong (+0,197) nén khi ndng do sorbitol ting, thoi gian siy
dai hon. Cac tuong tac X X, X X, X X, c¢6 anh huong nho,
nén sy két hop cua cac yéu to ¢6 thé t6i uu héa hodc lam
cham qua trinh sdy. Phuong trinh (7), thiy nhiét d6 siy c6 hé
s6 duong 16n (+4,475), nén nhiét d6 cao giup tang kha ning
hoan nguyén. Chiéu day nguyén liéu va ndng do sorbitol co
hé s6 am (-0,5; -0,9), nén khi nguyén liéu day hodc ndng
do sorbitol cao, ty 16 hoan nguyén giam. Toc do gi6 c6 anh
huong rat nho (+0,275) nén anh huong khong dang ké dén
kha nang hoan nguyén. Cac tuong tac nhu X X, (+0,15) va
XX, (+0,4) c6 y nghia, do vay su két hop ctia nhiét do,
toc do gid va sorbitol anh hudng dén ty 1€ hoan nguyén.
Phén tich phuong trinh (8) thy, toc d6 gié c6 hé sé duong
16n (+0,55), do d6 téc d6 gié cao giup san pham c6 chat
luong cam quan t6t hon. Chiéu day nguyén liéu va ndng do
sorbitol ¢6 hé s6 am (-0,376; -0,107), dan dén nguyén liéu
day va ndng do sorbitol cao ¢ thé 1am giam chét lwong cam
quan. Nhiét d6 siy c6 anh huong rat nho (+0,035), nén nhiét
d6 khong anh huong dang ké dén chét lugng cam quan.
Tuong tac X, X, (+0,013) c6 anh huong, nén can t6i wu hoa
chiéu day nguyén liéu va nong do sorbitol dé dat chat luong
cam quan tot nhat. Phan tich phuong trinh (9) thay, nhiét do
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sdy c6 hé s6 am 16n (-0,17875), nén nhiét d6 cao lam giam
hoat &6 nude, gitip bao quan tét hon. Chiéu day nguyén lidu
va néng do sorbitol co hé sb duong (+0,06875, +0,07875),
do d6 nguyén liéu day va nhiéu sorbitol giit nuéc nhidu hon.
Tbc d6 gi6 co hé s6 nho (-0,03625), nén tdc do gié cao gitp
giam hoat d6 nudc nhe. Tuong tac X X, va X X, c6 anh
hudng nho, do vy anh huong khong dang ké dén hoat do
nuac.

Bang 3. Gia tri p tir phan tich phwong sai cho cac yéu té va twong
tac trong mé hinh héi quy bac hai.

2oz Y Y Y Y
Yeéu to L LA A 3, ' A
(Thoi gian say)  (TY I¢ hoan nguyén) (Cam quan) (Hoat d9 nudc)

X, 0,1312 2,36E-09 0,00032 0,00082

X, 0,1022 0,3266 0,3836 0,1940

X, 0,6033 0,1377 0,9411 0,1713

X, 0,1807 0,00527 0,00592 0,1399

X xX 0,1441 0,0816 0,02470 0,1391

Két qua bang 3 cho thdy, nhiét do sdy (X,) 1a yéu t6 anh
huong chii dao dén ca bon chi tiéu dau ra, dic biét ddi véi
ty 1¢ hoan nguyén va hoat d6 nuéc. Trong khi d6, nong do
sorbitol (X,) cling gop phan dang ké trong cai thién chét
luong cam quan va phuc hoi do am. Mot sd twong tac nhu
X *X, ¢6 anh huéng dang ké dén cam quan, cho thiy vai
tro phoi hop gitra yéu to nhiét va toc do gié can dugc xem
xét khi t6i uu héa cong nghé siy. Phan tich méi twong quan
giita cac ham muc tiéu cho thiy, ty 1& hoan nguyén (Y,) phu
thudc vao thoi gian séy (Y,) vahoat d nude (Y,): Y,=64,12-
3,15Y -8,42Y ; chat lwong cam quan (Y,) c6 quan h¢ tuyén
tinh v6i thoi gian say (Y,) va hoat do nude (Y,): Y,=18,75-
0,62Y -1,2Y,; hoat d§ nuéc (Y,) phu thudc vao thoi gian
sdy (Y)): Y,=0,85-0,05Y,. Diéu nay dong nghia, thoi gian
sdy dai hon (Y, tang) 1am giam ty 1€ hoan nguyén (Y,) va
diém cam quan (Y,). Hoat d6 nude (Y ) thap c6 loi cho chét
luong cam quan (Y,), nhung néu qua thap s& anh huong dén
ty 1¢ hoan nguyén (Y ), can tdi wu Y, dé dam bao Y,vay,
dat gia tri tot nhat, dong thoi kiém soat Y , & murc phu hop.
Ung v6i cac didu kién nay, chat luong san phdm dat mirc
t6t nhat véi thoi gian say ngin (5,2 gid), hoat d6 nudce thap
(0,57), ty 1& hoan nguyén cao (63%) va diém cam quan tdi
da (18,34 diém).
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Hinh 1. Anh hwéng cia nhiét do siy va ndng do sorbitol dén ty I& hoan nguyén clia san pham ca dira (A); diém cam quan (B); hoat dé

nwéce (C).

Phan tich d6 chinh xac ctia md hinh thz?'ly dugc,R*cuaY ,
Y, Y,, vaY, tuong tmg 0,683, 0,988, 0,801, va 0,862 voi
d6 sai s6 trung binh binh phuong tuong tmg 0,412, 0,222,
0,176, va 0,038. M6 hinh duy doan Y, ¢6 d6 phu hop rat cao
(R?=0,988). Cac mo hinh du doan Y, va Y, cling ¢6 d chinh
xdc tét (R*>0,8). M6 hinh du dodn Y, c6 do phu hop thap
hon (R?=0,683), nghia 14 con nhiéu yéu t6 chua dugc mo
hinh giai thich. Kiém tra Lack of Fit ctia mé hinh thay ring,
khi kiém tra phan phdi chuan ctia phan du (Shapiro-Wilk
test) co Y, (p=0,007), nghia la phan du khong tudn theo phan
phdi chuén, c6 thé gy anh huong dén do chinh xac cia mo
hinh. Y, Y,, va'Y, tuong mg 0,780, 0,935, va 0,830, nghia
1a p>0,05 (phan du c6 phan phdi chuan - tét). Kiém tra
phuong sai phan du c6 thay dbi khong - heteroscedasticity
(Breusch-Pagan test) thdy p>0,05 (phwong sai phin du
khong thay dbi - tot). Phan tich téi uwu dugc thuc hién bang
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phuong phap chap muc tiéu, trong d6 mdi ham muc tiéu
Y ,-Y, duoc gan mot mirc do mong mudn theo pham vi 1y
tuong da xac dinh trudce: Y, (thoi gian siy) cang thap cang
tdt, véi mong muén dat gia tri 1 khi Y <5,5 va giam vé 0
khi Y >7,5, 'Y, (ty 1¢ hoan nguyén) cang cao cang tot, voi
mirc mong doi bang 1 khi Y,>263% va bang 0 khi Y,<55%,
Y, (chat lwong cam quan) mong mudn cao nhat khi Y >18,
diém mong doi bang 0 neu Y,<16,5, Y, (hoat d6 nudc): cang
thdp cang tot, mong doi bang 1 khi Y,<0,57 va béang 0 khi
Y,=0,75 (hinh 1).

Ham desirability tong hop D duogc tinh theo cong
thirc hinh hoc trung binh cua timg ham muc tiéu con:
D=, d,, d,, d)". Gia tri D t6i da dat dugc 1a 0,97, tai
diéu kién tdi wu gém: nhiét do séy 60°C, van tdc gi6 1,4
m/s, chiéu day nguyén liéu 1,0 cm va ndng do sorbitol 5%,
véi cac bién dau ra co rang bugc: 40<X < 60; 1,0<X <3,0;
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Hinh 2. Biéu dé so sanh gia tri thwe nghiém va gia tri dw doan tir mé hinh héi quy bac hai déi véi céc bién dauraY,-Y,.

1,0<X,<2,0; 5<X,<25. Giai hé phuong trinh cho thay, diéu
kién tdi uu ctia qua trinh sdy c4 dira nhu sau: nhiét do siy (X)
60°C; van toc gi6 (X,) 1,4 m/s; chiéu day nguyén liéu (X,)
1,0 cm va ndng do sorbitol (X,) 5%. Ung véi cac didu kién
nay, chit luong san pham dat muc t6t nhit voi thoi gian sy
ngin (5,2 gid), hoat 46 nudc thap (0,57), ty 1& hoan nguyén
cao (63%) va diém cam quan ti da (18,34 diém). Céc diéu
kién tdi vu xac dinh dugc ndm & bién trén cua X, (60°C) va
bién dudi cua X, (1,0 cm) va X, (5%). Diéu nay cho théy
khoang khdo sat ban dau ciia cac bién nay c6 thé chua bao
pht toan bd vung tdi wu thuc su. Tuy nhién, viéc gi6i han X|
khong vurgt qua 60°C nham tranh bién tinh protein trong ca
[2, 3], trong khi mirc thip nhit cua X, va X, la gi6i han an
toan dé duy tri cdu triic va cam quan san pham. Mic du t6i
uu roi vao bién, ANOVA, Lack of Fit déu cho thay do phu
hop t6t, do d6 ¢6 thé tam chép nhan diéu kién nay 1a diém t6i
uu cuc bd hop 1y trong khoang khao sat hién tai.
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So v6i nghién ctru sdy ca com kho bang bom nhiét két
hop hong ngoai [2], nghién ciru nay da t6i wu hoa qué trinh
sdy ca dira, gitip giam thoi gian sy tir 11 gid (sdy khong khi
néng) xudng con 5,2 gio, qua do tiét kiém niang luong dang
ké. So v6i nghién ciru sdy ¢4 com kho biang bom nhiét két
hop biic xa hong ngoai [2], sdy ca dira cho thdy hiéu qua cai
tién: thoi gian sdy rat ngin tir 11 gid (sdy khong khi nong)
xudng con 5,2 gio, dong thoi duy tri ty 16 hoan nguyén va
cam quan cao hon dang ké. Hinh 2 thé hién méi tuong quan
gilra gia tri dy doéan va gia tri thuc nghiém cuia cac bién Y,
(thoi gian séy), Y, (ty 1€ hoan nguyén), Y, (cam quan) va Y,
(hoat d6 nuéc). Cac diém quan sat nim gan duong chéo ly
tuong (y=x) cho thiy, mé hinh du doan c6 do chinh xéc tdt,
ddc bigt voi Y, va Y,. Diéu nay phi hop véi hé s R? cao da
tinh toan va két qua kiém dinh Lack of Fit trong phan tich
ANOVA. Hinh 3 thé hién bé mit chap dap ung mong doi
dudi sy tac dong cia cac yéu to.
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Hinh 3. B& mit chap 3D cia mé hinh: theo chiéu day nguyén liéu (X,) va ndng db sorbitol (X,) (A); nhiét dé sy (X,) va van téc gié (X,) (B);
nhiét d6 sdy (X,) va ndng dé sorbitol (X,) (C); van téc gié (X,) va chiéu day nguyén liéu (X,) (D).

3.2. So sdnh chit lwong cd diva khé sdy bang cdc
phwong phdp khdc nhau

Cé dira sau khi sdy bang phuong phap bom nhiét két
hop birc xa hong ngoai duge danh gia chit luong theo cac
tiéu chi cam quan, vat ly, hda hoc va vi sinh. Df")ng thoi, san
pham ca dira sy bang khong khi néng va phoi ning ciing
duogc phan tich voi quy trinh xr 1y nguyén li€u tuong tu
(bang 4).

Mic di do 4m cudi cia ba mau ca dira déu dat khoang
22+0,3%, song hoat d6 nude (a ) gitta cac phwong phap sdy
lai c6 su khac biét rd rét: 0,57 ddi véi phuong phéap siy bom
nhiét két hop birc xa hong ngoai, 0,67 voi say khong khi
néng va 0,83 véi phoi nang. Sy khac biét nay xuit phat tir
ban chét hoat d6 nude khong chi phu thudc vao do am téng,

JHOAHOC . [

ma con lién quan dén trang thai lién két ciia nudc trong vat
lidu thyc pham. Phuong phap siy bom nhiét két hop buc xa
hdng ngoai c¢6 co ché gia nhiét ddng déu va on dinh, 1am bay
hoi nuée ty do hiéu qua hon, ddng thoi han ché hién twong
v té bao va giir lai cau trac protein 6n dinh, tir d6 lam ting
ty 18 nudc lién két va giam lugng nude tu do - yéu t truc
tiép anh hudng dén gia tri a_. Nguoc lai, cac phuong phap
sdy truyén théng nhu phoi ning hay siy khi nong khong
kiém soat t6t tdc do sdy va nhiét do, dé gy hién twong co rat
bé mit, v& md, tao nén céc tai hoi va gitlr lai nudce tu do cao
hon, dan dén hoat d6 nudc tang. Do do6, du d¢ am téng gﬁn
nhu tuong duong, nhung su khac biét trong cdu tric mo sau
sdy va ty 1& nudce tu do - nude lién két chinh 1a nguyén nhan

giai thich cho su khéc biét vé hoat do nudc giira cac mau.
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Bang 4. Chat lwong ca dira sdy khé bang cac phwong phap khac nhau.

Chi tiéu Két qua siy

Ché dj sdy Don v ‘:;yo a’;”'” nhi¢t két hop birc xg hong o 120 khong khi nong Sdy duwdi dnh ning mt tréi

Nhiét d siy C 60 55+70 33-36

Vin tbe gio m/s 1,5 1,2

Chiéu day nguyén lidu siy cm 1,0 1,0 1,0

Néng d¢ sorbitol % 5 5 5

D 4m c4 ban dau % 75,30 75,30 75,30

D6 4m c4 sau khi sdy % 22+40,3 22+0,3 22+0,3

Chi tiéu cam quan

o, Mz‘iAu céulh giAén dafl‘Ac trlvmg cAﬁa cérkh(} Me‘iu Cé{lh giA'cin (}éc tl;lrng% cﬁaA ca Thit c& mau vang sim, it séng

Mau sac khong 1én dau, bé mat khong co vét kl?o,;khong 1én dau, bé mat khong béng, bé miit khng c6 vét den,
den. co vet den.
Mui thom dac trung cua cd kho, Mui thom dic trung cua cd kho, Mui thom dac trung cua ca kho,

Mui khong c6 mui ctia hién tuong phan khong cé mui cua hién tugng phan khong c6 mui cua hién tugng
huy. huy, hoi c6 mui hoi khét. phan huy, c6 mui hoi khét.

Vi Vingot dam. Man diu, ngot thit. Man diu, ngot thit.

Trang théi Kho déu, thit dai, khéng Iin tap ch G l(}g(”; hoi déu, thit dai, khong 13n tap ith l;]:(") du, thit dai, khong 1an tap

Chi tiéu vat ly

Ty 1¢ hoan nguyén % 62,70£2,3 53,242,12 47,2524

Luong tap chat % 0 0 0

Hoat d6 nudc 0,57£0,05 0,67£0,05 0,83£0,05

Thoi gian Gio 52 11 18

Chi tiéu hoa hoc

Lipid % 34,3£0,04 34,31£0,04 34,3£0,04

Protein % 34,240,08 34,2+0,08 34,2+0,08

Téng s6 vi sinh vat hiéu khi ~ Cfu/g 2,7x10? 2,9x10? 3,31x10?

E. coli Cfu/g Am tinh Am tinh Am tinh

Coliforms Cfu/g Am tinh Am tinh Am tinh

Salmonella Cfu/g Am tinh Am tinh Am tinh

S. aureus Cfu/g Am tinh Am tinh Am tinh

Két qua cho thdy, san pham cé dira sdy bang cong ngh¢  (A) (B)

bom nhiét két hop buc xa héng ngoai dat chét Iwong cam
quan rat cao (18,28+0,1 diém trén thang 20 diém), ty 1& hoan
nguyén cao (62,8+2,3%), hoat d6 nudc thap (0,51+0,05).
Nhimng chi s6 nay nam trong ngudng dugc danh gia 1a tot
dén rét tot theo phan loai ciia C.L. Hii va cs (2012) [6] dbi
v6i san pham ca sdy. So véi cac phuong phéap sy truyén
thdng nhu phoi ning hodc sy khong khi nong, cong nghé
Kkét hop cho théy hiéu qua cai thién vuot troi vé chét luong
tong thé. San phim dam béo tidu chudn vé sinh an toan thyc
pham theo quy dinh hién hanh ciia B Y té.
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:

Hinh 4. (A) Ca dira trong thiét bi sy phéi hop bom nhiét va birc
xa hdng ngoai; (B) Ca dira khé (hinh minh hoa mét khay mau ca
dra trong qua trinh siy bang cong nghé bom nhiét két hop birc
xa héng ngoai).



Say bom nhiét két hop birc xa hdng ngoai cho ty 1 hoan
nguyén cao nhat (62,7%) va hoat d6 nudc thap nhat (0,57),
chung to san pham git dugc cdu tric tot nhit. Sdy bom
nhiét két hop birc xa hdng ngoai gitp ca c6 mau canh gian
dic trung, khong 1én dau, khong co vét den, trong khi ca
sdy nong c6 thé bi hoi khét nhe va ca phoi ning co6 mau
vang sam, it sang bong (hinh 4). Sdy bom nhiét két hop
blrc xa hong ngoai c6 thoi gian siy ngin nhit (5,2 giv),
trong khi sdy khong khi néng mét 11 gio va phoi ning
mat 18 gio. Ca ba phuong phap déu dap ung yéu ciu an
toan thuc phdm, khong phat hién E. coli, Salmonella hay
Coliforms. Tuy nhién, tong s6 vi sinh vat hiéu khi cua ca
sdy birc xa hong ngoai thdp hon (2,7x10*> CFU/g) so véi
¢4 sdy khong khi nong (2,9x10? CFU/g) va ca phoi ning
(3,31x10? CFU/g), ching to6 phuong phap blc xa hong
ngoai gitip kiém soét vi sinh tét hon. Dya trén mirc hoat d6
nuéc thap (a,=0,57+0,05) - dudi ngudng 0,60 dugc xem la
gi6i han phat trién ciia phan 16n vi sinh vat gay hu hong thuc
pham va két qua vi sinh dat tiéu chuan an toan (tong sb vi
sinh vat hiéu khi thap, khong phat hién E. coli, Coliforms,
Salmonella va Staphylococcus aureus), c6 co s& khoa hoc
dé du bao ring san phim ca dira sy theo cong nghé bom
nhiét két hop birc xa hdng ngoai c6 thé dugc bao quan on
dinh trong thoi gian tdi thiéu 3 thang & diéu kién nhiét do
phong (25-30°C), khi str dung bao bi phu hgp nhu hat chan
khong va khang am. Nhan dinh nay phul hop véi cac nghién
ctru trude ddy, trong d6 thuc pham sdy kho co hoat do nudce
dudi 0,60 thudng bao quan duge 3-6 thang ma khong can
bd sung chit bao quan, néu quy trinh déng goi va bao quan
dap mg yéu cau chéng 4m va can oxy [8].

4. Két luan

Nghién ctru da t6i vu thanh cong quy trinh sdy ca dia
bfing cong nghé bom nhiét Kkét hop buc xa héng ngoai, voi
céc yéu to dau vao gdm: nhiét do say (40-60°C), véan tdc gid
(1,0-3,0 m/s), chiéu day nguyén liéu (1,0-2,0 cm) va ndng do
dung dich sorbitol (5-25%). Trong d6, nhiét do séy (X) la
yéu t6 anh huong manh nhat dén chit lugng san pham, dic
biét 1a thoi gian sy, ty 16 hoan nguyén, cam quan va hoat do
nude (p<0,001). Nong do sorbitol (X ,) ciing tac dong dang

ké dén kha nang hoan nguyén va cam quan. Diéu kién to1 uu
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xac dinh duoc la: 60°C, 1,4 m/s, 1,0 cm va 5% sorbitol, giup
rt ngén thoi gian siy con 5,2 gio, ning ty 1¢ hoan nguyén
1€n 63%, dat cam quan 18,34/20 va a =0,57+0,05. So v6i
sdy truyén thong, cong nghé siy két hop cho thiy hiéu qua
vuot troi ca vé chat lugng va bao quan. M6 hinh hdi quy co
d6 phu hop cao (R%>0,90), khong c6 sai s6 thiéu d6 phu hop
dang ké. Két qua gop phan hoan thién co sé khoa hoc cho
mg dung siy két hop trong ché bién thuy san va mo rong

sang cac doi tugng c6 cau tric tuong ty.
LOI CAM ON

Nghién ctru nay do Truong Pai hoc Cong Thuong TP.
Ho6 Chi Minh bao trg va cip kinh phi theo Hop dong sd
3999/QD-DCT ngay 29/12/2023. Cac tac gia xin chan thanh

cam on.

TAI LIEU THAM KHAO

[1] H.T. Ha (2018), Study on Drying of Seaweed (Caulerpa
lentillifera J. Agardh) by Freeze-drying Method Combined with
Infrared Radiation, PhD Thesis, Nha Trang University, 182pp (in
Vietnamese).

[2] D.T. Hieu, N.D. Nghia (2005), “Research on optimal drying
mode for dried anchovy products using combined infrared and thermal
drying method”, Journal of Fisheries Science and Technology, 2,
pp-8-11 (in Vietnamese).

[3] D.T. Hieu (2013), Research on Changes in Chemical
Composition, Physical Properties and Proposed Measures to Improve
The Quality of Infrared-dried Anchovies (Spratelloides Gracilis) for
Export, PhD Thesis, Nha Trang University, 151pp (in Vietnamese).

[4] D.T. Hieu, N.D. Nghia (2007), “Some research results on
the application of infrared drying equipment combined with cold for
exporting essential oils from leather tubes”, Research Institute for
Fisheries, 6, pp.24-26 (in Vietnamese).

[5] D. Prusky, M.L. Gullino (2009), Post-harvest Pathology,
Springer, DOI: 10.1007/978-1-4020-8930-5.

[6] C.L. Hii, S.V. Jangam, S.P. Ong, et al. (2012), Solar Drying:
Fundamentals, Applications and Innovations, TPR Group Publication,
176pp.

[7] V.R. Sagar, K.P. Suresh (2010), “Recent advances in drying
and dehydration of fruits and vegetables: A review”, J. Food Sci.
Technol., 47(1), pp.15-26, DOI: 10.1007/s13197-010-0010-8.

[8] M.S. Rahman (2007), Handbook of Food Preservation, CRC
Press, 1088pp.

84



