KHOA HOC CONG NGHE

NGHIEN CUU XAC BINH CHE DO SAY BOM NHIET
HONG NGOAI VA KHU KHUAN BANG CUC TiM
CHO THANH LONG THAI LAT

TOM TAT

Lé Anh Prrc!, Vit K€ Hoach?

Nghién ciru nham xac dinh ché do sdy va ché do khir khuin phi hop cho thanh long thés lat theo nguyén ly
sdy bom nhiét két hop hong ngoai va khir khuan bing cye tim. Tiéu chi dé xdc dinh ché d¢ say 14 nhiét do
say, thin gian sdy, tiéu thu dién nang néng cho qué trinh sy va chét luong thanh long sau khi siy. Két qua
di x4c dinh duoc nhigt d6 sdy 47°C, van téc (4¢ nhan sdy 0,8 m/s, cong suét hong ngoai 4.600 W, Tai ché do
sdy nay, thoi gian sdy 1a 8,5 gio, béu thy dién ning riéng cho qué trinh sdy 12 0,63 kWh/kg. Thanh long
duge khir khuan bing dén cuce tim buée séng ngdn UV-C cong suat 320 W trong thod gian 15 phat, tiéu thu
dién nang riéng cho qué trinh khir khuan 1a 96 W/mé. Thanh long sau khi sdy va khir khuan dam bio ve
sinh an toan thuc pham, dat héu chudn Viet Nam va tiéu chuan xueat khau.

Titkhoa: Thanh long, sdy bom nhiét, kint khudn, thor gian sdy, dign ning riéng.

1. DAT VAN BE

Trai cay tuoi chia nhiéu chat dinh dudong va
vitamin khéng bén nhiét, dé bi phan huy va bj oxi
hoa & diéu kién nhiét do cao. Thoi gian tié€p xic véi
tac nhan sdy cang lau thi ham luong cdc vitamin
trong trai cay cang gidm. Vi vay siy & nhiét d¢ thap
bing nguyén ly bom nhiét sé dap ing dugc nhimg
yéu ciu khat khe vé chét lugng sau khi sdy, béi tac
nhan sdy cé do 4m thap, nhiét do sdy thap so véi cac
phuong phép sdy thong thuémg do dé han ché duge
su thay déi khong cé lgi vé mau sac, ham lugng cac
chét dinh duong va mui vi tu nhién ctia san pham (1],

Nhiét do sdy anh huéng rat lon dén ham heong
dinh dudng cua trai cay dac biét 1a cac loai vitamin,
Theo cac nghién ciru di cong bé, thong thuomg khi
nhiét d¢ sdy cang cao thi van téc sdy cang nhanh,
qué trinh sdy cang hiéu qua, tuy nhién khéng diing
nhiét do cao dé sdy rau qua, khi nhiét dé say tang lén
16n hon 60°C thi protein bi bién tinh.

Liaotrakoon va céng su (2] da nghién ctru vé cac
anh huong cia qud trinh sdy lanh dén dic tinh hoa
1y, mau sdc va ham luong betacyanins & thanh long
rugt tréng va thanh long ruot do. K&t qua cho thay
ham lugng dinh dudmg vitamin C van dugc giir lén
dén 71,13%, chdt betacyanins léen dén 360,14
mg/100g, mau sic sau khi say tuong tu nhu mau sic
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ban dau.

Ramallo va cdng su [3] di nghién ciu anh
hudng cia nhiet d6 sdy dén mau sic va dac diém co
hoc ctia dira sdy khoé. Céc lat dira duge say kho bing
phuong phép sdy déi luu khong khi néng & nhiét do
c6 dinh (45°C, 60°C va 75°C) va van toc khong khi
khong déi 1,5 m/s. Két qua cac mau dira siy kho &
45°C ¢6 kha nang bu nuéc t6t hon va kha niang giir
axit l-ascorbic cao hon so véi cac mau thu duge bing
sdy khong khi 75°C. Do d6, nhiét d¢ sdy 45°C la nhiét
do tét nhat dé say dura.

Nordin va cong su [4] da nghién ciru vé su thay
d6i mau sic, hoat tinh cia nudc, d6 co dan, axit
ascorbic (vitamin C) cua thanh long rudt dé véi cac
phuong phap sdy khac nhau. Két qua cho thay ring
phuong phép sdy v séng két hop chan khong cho ra
san pham 1a tot nhat, mau sdc van duoc gii lai nhu
ban dau, axit ascorbic (vitamin C) duoc git lai cao,
trong khi dé thoi gian sdy gidm duoc 83% so vai
phuong phap sdy khéng khi néng.

Lé Thi Hong Xuyén [5] da nghién ctru sdy xoai
miéng bing phuong phap sdy khéng khi néng voi
nhiét d¢ 60°C, 65°C, 70°C, d6 4m dat 15% thi ngimg
say, két qua cho thay voi nhiét do la 60°C thi xoai
miéng say day 2 mm c6 chat lupng cam quan tot, co
thé trc ché dugc su phat trién ciia vi sinh vat.

Phuong phap séy két hop bic xa hong ngoai 6
t6c d6 truyén nhict 16m, kha nang trao déi nhiét tot
hon, d& diéu chinh nguén nhigt va nhiét d¢ trén bé
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mat san pham, rit ngén duge nhiéu thoi gian so véi
phuong phép sy thong thuong [6].

Cang nhu cac loai rau qua néi chung, siy sé lam
thay d6i cac thanh phan hoat tinh va mau séc cta trai
cay. Su thay déi nay d3 dugc nhiéu tac gia cong bd
nhw: déi véi rau, qua [71, [8], [9].

Muyc tiéu ciia nghién ctru nhim xac dinh ché do
sdy va khir khuan cho thanh long tha: lat bing thiét
bi sdy - khir khudn theo nguyeén ly sdy bom nhiet két
hop héng ngoai, khir khuidn bing tia cyc tim.

2. PHUONG PHAP NGHIEN CUU

2.1. Vat liéu st dung trong thi nghiém

Vat liéu thi nghiém 14 thanh long ruot tring dat
tiéu chuian Viét Nam TCVN 7523:2014 [10). Trai
thanh long dugc 16t vé va thai lat day 5 mm. Khi 4m
A6 thanh long 12% thi ngimg siy [11]. Chat luong
thanh long sau khi sy va khir khuén duoc danh gia
theo tiéu chuén Viét Nam TCVN 4843:2007 (11].

2.2. Phuong phéap nghién ciu

- Phurong phdp khao nghiém: cac khao nghiém
dugc thuc hién tai cac mirc nhiét d6 khac nhau. Co
s& dé xac dinh nhiet do say phu hop 14 thoi gian sdy,
tiéu thu dién nang riéng va chat huong sdn phim

- Phurong phap do dac thong s6 thurc nghi¢m:

Am do thanh long duge séc dinh bing thiét by
phan tich dm do nhan hiéu A&D-MX 50 cua Nhat
Ban, d6 nhay caa can la 0,001 gram, dai nhiét do
phan tich 50 - 200°C.

Khoi luong vat liéu sdy duoc do bang can dién tir
va am do tai thoi gian sdy t dugc xac dinh bing
phuong trinh (1).

M, =100- 22 (100~ M,) )
wl

Trong d6: M,;: am dé thanh long tai thoi gian t
(%); My 4m @6 ban dau cua thanh long (%); W,: khéi
luong thanh long taj thdi gian sy t (h); Wy Khai
Jugng ban diu cta thanh long (g).

Taéc do say: tinh theo cong thire (2).
MI - Ml+A|

i

Trong d6: dM: téc do sy (%/h); M, M, d6 dm
ciia thanh long tai théi gian sy t va t + A, (¥); A:
khoang théi gian sdy (h).

dM = @

Nhiét do tac nhan sdy va nhiét d vat liéu sdy

dugc do bing cam bién nhiét d¢ loai can nhiét PT100
v6i sai $6 = 0,5°C, tiéu chuin IP 68. Dién ning tién
thy, cong suat may duoc ghi nhan thong qua bo gidm
sat diéu khién ctia may va duoc kiém tra bing déng
hé dién 3 pha EMIC MV3E4 va Ampe kém AC/DC
Lutron DM- 6056.

S6 vong quay cia quat duoc diéu chinh thong
qua bién tén Invt CHF100A, tAn s6 0 - 60 Hz va duoc
do bing dung cu do sé vong quay DT2234 véi d¢
chinh xé4c 1 vong/phut.

Hinh 1. M4y sdy trai cly théi 14t theo nguyeén ly
bom nhiét két hgp hdng ngoai va khit khudn bing
tia cyee im

- Thit bi khao nghiém. thiét b sdy - khir kKhudn
theo nguyén ly sdy bom nhiét két hop héng ngoai,
khir khudn bing tia cuc tim da duoc thiét ké ché tao
nhu hinh 1 {12].

Nang suat sdy va khir khuén 50 kg/mé. B6 bom
nhiét c6 cong suat 5 HP, cong sudt héng ngoai 4.600
W (c6 thé tiy chinh), khir khuan bing dén cyc tim
budc séng ngan UV-C cong suat 320 W. Cac thong 6
hoat déng cta thiét bi nhu nhiét do say, van toc tic
nhén sdy, cong sudt héng ngoai, thoi gian sy, thdi
gian diét khuén dugc cai dat, hién thi va giam sat b
dong va chinh xac. Cac théng s6 nang lugng cua qué
trinh sdy va khir khuan dugc ghi nhan va hey trir trén
bd ghi nang lugng

- Phuong phap xét nghiem méu:

Danh gia chit lwong thanh long: qua trinh sdy s
lam thay dgi dinh duong ciia thanh long do tac dong
cua nhiét. Trong trai thanh long ¢6 rit nhiéu dinh
dudng va cac loai vitamin, trong dé co6 ham hrong
vitamin C tuong déi cao. Nhiéu két qua nghién ctu
clia cAc tic gia trong va ngodi nuéc da cho thiy
vitamin C la loai vitamin nhay nhiét nhét trong tat ci
céc loai vitamin cung nhur cic chit dinh duong khac
c6 trong thanh long, qua trinh séy 14 noi dén nhiet cb
anh hudng, néu test vitamin C dat nghia 1a cac cht
khac cung dat.
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Ham luong vitamin C cua thanh long dugc xéc
dinh bing phuong phap sic ky léng hiéu ning cao
(HPLC - High Performance Liquid Chromatography)
chuén AOAC 985.33:2011.

Céc chi tiéu vi sinh clia thanh long sau khi sdy
duoc danh gia bao gém:

Colifornr: 1SO 4832:2006.
E. coli: 1SO 16649-2:2001.

Staphylococcus  coagulase. 1SO  6888-1:1999/
ADM-1: 2003.

Maéc: 18O 21527-2: 2008.

B. cereus gia dinh: [SO 7932:2004.

Téng vi khudn hiéu khi: 1SO 4833-1:2013.

- Phurong phdp xir Iy s6 ligu: su khac biét cia cac
6 liéu thi nghiém vé mat thong ké duoc xir ly bing
phuong phap LSD (Least Significant Difference - Gigi

han sai khac nhé nhat) (13].

3. KET QUA NEHEEN CUv

3.1. Khio nghiém x4c dinh ch& @6 sdy

Cac thi nghiém siy duoc thyc hién tai 3 muc
nhiét do siy 40°C, 45°C va 50°C. Co s& dé xac dinh
nhiét do sdy hop ly 1a: thn gian sdy, tiéu thu dign
ning riéng cho qui trinh sdy va chét lugng thanh
long sau kb1 sdy.

Ca 3 thi nghiém dugc tién hanh véi cing van toc
tac nhan sdy 1a 0,8 m/s, cong suit héng ngoai 4.600
W. Sau médi 60 phut Iy mau thanh long dé xac dinh
4m d¢. Khi am d¢ thanh long dat 12% thi ngimg sdy
[11] va ldy miu thanh long dé danh gia cim quan vé
mau sac, min vi va xét mau dé xac dinh ham luong
vitamin C. Tiéu thy dién nang riéng duge xac dinh
sau khi két thic qué trinh sdy.

Bing 1. Giim 4m ciia thanh long tai 3 mic nhiét d¢ sdy

Nhiét do sdy (°C) Théi gian siy (gi¢) / D6 4m thanh long (%)
0 1 2 3 4 5 6 7 7,5 8 9 12,5
40 853 | 805 | 74,1 [ 64,3 | 52,7 | 414 | 33,0 | 26,7 | 236 | 21,0 | 181 | 12,2
45 853|752 | 643|529 | 402 | 31,5 | 232|176 | 156 | 13,6 [ 11,7
50 853 [ 70,2 | 56,1 | 43,2 | 31,5 | 224 | 157 | 12,8 | 11,9
100 Bing 2. Thoi gian, 4m d¢, tdc 49 sdy tai 3 mic nhiét
40°C o A o 4o S5y
S50 4sC Nhiét do siy (°C) 40 45 50
bt 50°C Thai gian sy, (g10) 12,5° 9 75"
£ 60 Am do vat lieu () 122 [ n7r [ 19
«E- Téc do sdy, (%/giv) 5,85° 8,18° 9,78
g 40 bién ning riéng,
0,89 0,64 0,68°
“g; (kWh/kg)
0 ~ . Céc gid tri ¢6 ky hiéu chir khdc nhau trén cung
0 hang: khic biét co ¥ nghia o murc y nghia 0,05.

0123456718 910111213

Théi gian sdy (h)
Hinh 2. K&t qua sdy tai 40°C, 45°C va 50°C

S6 lieu thue nghiém dugc trinh bay trong bang 1
va biéu dién bang dé thy nhu hinh 2. Két qua khio
nghiém cho thdy véi 4m do ban dau cta lat thanh
long la 85,3%, tai mirc nhiét do sy 40°C théi gian séy
kéo dai 1én dén 12,5 gio. Khi tang nhiét dé sdy lén
45°C, théi gian sdy giam dang ké con 9 gio. Tiép tuc
tang nhi¢t dé sdy lén 50°C, thoi gian siy tép tuc
gidm, tuy nhién khong gidm manh nhu khi tang
nhiét d¢ sdy tir 40°C 1én 45°C.
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Panh gia bing cam quan, mau sic va mii vi ciia
c4c lat thanh long & ca 3 mirc nhiet do siy khéng cé
sy khac biét.

100

-l <0C ‘Ood > 1

T\vm -lDoC

Hinh 3. Ham lrong vitamin C (mg/kg) u'ong thanh
long tai cic mirc nhigt dg sdy
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Cac mau thanh long sau khi siy tai 3 mirc nhiét
d6 say duoc dé nguéi dén nhiét do moi truong, sau
d6 bao quan kin trong bich nylon hut chan khong va
xét nghiém danh gia ham luong vitamun C trong
thanh long. Két qué trinh bay trong bang 3 va biéu
dién bang dé thi nhu hinh 3.

Bang 3. Ham lugng vitamin C trong thanh long tai 3

mirc nhiet dg sdy
Mau thanh | Mau “g:y” “::y“
. M| e | asc
Vitamun C
T o | 307
ng/kg) | 3B | 36 | %0

Céc gid tri c6 ky hiéu chir khac nhau: khic biét
c6 ¥ nghia & mite ¥ nghia 0,05.

Phan tich x4c dinh nhiét d6 say phu hop:

Nhiét d6 sdy phi hop duoc xac dinh trén co s&
phan tich céc chi tiéu kinh t€ ky thuat cia qué trinh
sdy nhu thoi gian sy, tiéu thu dién nang rieng v
chat luong thanh long sau khi s3y. Phuong phap
duge str dung dé xac dinh nhiét d¢ sdy phu hep la
phwong phap phan tich bing dé thi.

Tong hop cic két qua vé thoi gian sdy, tiéu thy
dién ning riéng va chat hrong thanh long sau khi sdy
duoc bidu dién bing dé thy nhu hinh 4.

«© ue
v, .
Vl || -
450C

36
$00C

8 Then gran iy (h) ODren g ndng (kW ) B Vitanun € 10 g kg)

Hinh 4. Céc chi tiéu kinh t€ k¥ thut ctia qué trinh
sdy tai 3 micc nhiét d¢ siy

V6i cac két qua nhu trén, sir dung phuong phép
héi quy phi tuyén xay dyng duoc cic phwong trinh
héi quy mo ti thoi gian séy t = €(T), tiéu thy dién
néng riéng Se = {(T) va chét luong thanh long sau khi
sdy C = {(T) theo cic muc nhiét do sdy T (°C) xac
dinh dupc nhu sau:

t=£(T) =112,5-4,1.T +0,04.T*

Se = f(T) = 13,33 - 0,543.T + 0,0058.T*

C={(T) =-3104 + 167,6.T - 2,04.T*

Giiitn

040 4) 42 43 44 45 46 47 48 49 SO
Nhiét do siy (0C)
Hinh 5. Dy doan céc chi tiéu kinh t€ ky thudt theo
nhiét 6 siy

Can ctr vao do déc cua cac duong cong mo ti
thoi gian siy, tieu thy dién nang riéng va ham lugng
vitamin C tng véi 3 mirc nhiét do sdy x4y dimg duoc
tir cac phuong trinh héi quy da x4c dinh dugc & trén,
dé dam bao tiéu chi téu thy dién nang riéng thép
nhat (hiéu qua kinh t&) thoi gian sdy ngén va ham
luong vitamin C cao, chon mirc nhiét dd say la 47°C.
Tai mic nhiét 4o sdy nay, Géu thu dién ning riéng
cho qua trinh sy se dat gia tri thap nhat, thoi gian
sdy, tiéu thy dién nang riéng va ham lueng vitamin C
du dodn theo cac phuong trinh héi quy tuong tmg [
8,3 gio, 0,62 kWh/kg va 267 mg/kg.

3.2. Thire nghiém sy so sanh tai nhiét do sdy
pha hop

Sau khi x4c dinh duoc phiét do sdy phu hop 1
47°C, tién hanh thuc nghiém siy so sanh gitra siy
bom nhiét (BN) va sdy bom nhiét két hop héng
ngoai (BN-HN) nhim dénh gi4 hiéu qud cua qui
trinh sdy khi 6 su hé tro ctia hdng ngoai tai ché dj
sdy nay.

—=—- BN-HN 47°C
—a— BN 47°C

B S liu (%)

s Ny

o 1 2 3 s 6 7 8

K
Thati gian s&y (h) T
Hinh 6. K&t qua sdy so s4nh BN va BN-HN tai nhiet
46 sdy 47°C

Ca 2 thi nghiém duoc thuc hién vér cing ché do
say nhu nhau: nhiét d6 siy theo két qua da xac dioh
la 47°C, van téc tac nhan sdy théi qua khay 1a 08

9 10 11 12 |
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m/s. Déi véi sdy khi c6 hong ngoai, cong suat phat
hong ngoar 1a 4600 W. Sau méi 60 phut ldy mau
thanh long va x4c dinh 4m d6 cla thanh long. Khi 4m
do thanh long dat 12% thi ngimg sdy. Tiéu thu dién
nang riéng cho qua trinh sdy duge xac dinh sau khi
mé sdy két thic. Két qua sdy so sanh dugce trinh bay
trén hinh 6.

Phuong phéap sdy bom nhiét co thén gian say la
11 gid, tuong duong téc d say trung binh 13 6,64%/h.
Phuong phap sdy bom nhiét két hep héng ngoar c6
thoi gian sdy la 8,5 gio, tuong duong t6c do sdy trung
binh 1a 8,67%/h. Tiéu thy dién nang riéng cua 2
phuong phap siy bom nhiét va siy bom nhiét két
hop héng ngoai tuong mg 1a 0,88 kWh/kg va 0,63
kWh/kg. Mau sic, mui vi cuia cac lat thanh long & ca
2 phuong phép say khong c6 sy khac biét.

Phuong trinh hér quy dy dodn 4m do cha thanh
long M (% w.b.) theo thoi gan sy t (gio) xac dinh
dugc bang phuong phap héi quy phi tuyén:

t=86,7616 - 14,7732.M + 0,6809.M* (R? = 0,997)

Phuong trinh nay dung dé du dodn am d¢ cia
thanh long tai théi diém say bat ky trong suét qua
trinh sdy.

3.3. Khio nghiém x4c dinh ché d¢ khir khudn

Thiét bj sdy - khir khudn theo nguyén ly siy bom
nhiét két hop héng ngoai va khir khuan béng tia cuc
tim duoc trang bi dén cyc tim UV-C buéc séng ngan
v6i téng s8 16 dén, cong suat méi dén 20 W (12], nhur
vay téng cdng suat cho qua trinh khir khuén la 320W.

Cai dat thoi gian khir khuan 1a 30 phit. Sau méi
5 phit thi Jdy mau mot lan cho dén khi két thic thén
gian khir khuan. Cac mau thanh long duoc bao quan
kin trong cac bich nylon duoc hit chan khéng va
dugc xét nghiem dé kiém tra nhiém khuan, ky sinh
tring va vi sinh vat

Cac chi tiéu vi sinh ctia thanh long sau khi siy va
khir khuan duroe trinh bay trong bang 4.

Bing 4. K&t qui x4c dinh cac tidu chi danh gia khi nang khir khudn

. Thai gian khtr khudn (phit) Gié han téi da
Chi iéu 0 5 10 15 cho phép
Coliform (Cfu/g) 160 <10 KPH KPH 10
E. coli (Cfu/g) 30 <10 KPH KPH 0
Staphylococcus c Jase (Cfu/g) KPH | KPH KPH | KPH -
Méc (Cfu/g) 720 240 70 <10 10%
Bacillus cereus (Clu/g) 360 130 KPH KPH 10¢
Vi khuén hiéu khi (Cfu/g) 7100 1800 270 120 10*
KPH: khéng phat hién

Két qua xét nghiém mau khuan va vi sinh trinh
bay trong bang 4 cho thiy sau 10 phit khir khusn tt
ca cac chi tiéu déu dat ngudng cho phép. Tuy nhién
dé chi tiéu vé méc tiép tuc giam thap hon, chon thoi
gian khir khudn la 15 phit Tiéu thy dién nang cho
qué trinh khir khudn 1a 96 W.

4. KET LUAN

Nghién ctru da tién hanb thuc nghiém sdy va
khir khuin cho thanh long thai 13t theo nguyén ly siy
bom nhiét két hop hdng ngoai va khir khudn bing
cue tim. Trén co s& cac s6 liéu thuc nghiém da tén
hanh phan tich danh gia d€ xac dinh ché d¢ sdy va
ché do khir khuan phi hop.

Tiéu chi dé xac dinh ché d6 say la théi gian sdy,
tieu thu dién nang riéng cho qua trinh sdy va chat
lugng thanh long sau khi sdy. Két qua da xac dinh
duge nhiét do siy 47°C, van téc tic nhéan siy 0,8 m/s,

cong suat hong ngoar 4.600 W. Tai ché do say nay,
théi gian say 1a 8,5 gio, tieu thu dién nang riéng cho
qua trinh sdy [a 0,63 kWh/kg.

Thanh long dugc khir khuan bing dén cyc tim
buéc séng ngin UV-C cong sudt 320 W trong thai
gian 15 phiit, tiéu thy dién ning riéng cho qua trinh
khir khudn la 96 W/mé. Thanh long sau khi sdy va
khir khuan dam bao vé sinh an toan thuc phiam, dat
tiéu chuan Viet Nam va tiéu chuan xuat khau.
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STUDY ON DETERMINATION OF COMBINED HEAT PUMP AND FAR-INFRARED DRYING AND
STERILIZINGREGIME FOR SLICED DRAGONFRUITS

Le Anh Duc, Vu Ke Hoach

Summary
The study aims (o determine the suitable drywng and sterilizing regimefor sliced dragon fruits by method of
combined heat pump and far-nfrared drying and ultravioletsterilizing.Criteria for determining suitable
drying regime are drying time, specific electric consumption for drying process and dragon fruit quality
after drying. As a result, drying temperature of 47°C was determined, drving air velocity of 0.8 ra/s, infrared
transmitter power of 4,600 W. At this drying regime, drying time was 8.5 hours, specific electric
consumption was 0.63 kWh/kg.The sliced dragon fruits is steribzed with a 320 W UV-C short-wavelength
ultraviolet lamps for 15 minutes, the specific electric consurnption for stenlization is 96 W a batch. The
sliced dragon fruits after drying and sterilizing ensure hygiene and food safety. meet to Vietnam standards

and export standards.

Keywords: Dragon fruil, heatpumpdrying, sterilize, drying tiume, speciic electric.
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