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EXPERIMENT ON ULTRASOUND — ASSISTED FREEZING OF WHITE SHRIMP

SV. Pinh Cong Duin, PGS, TS. Nguyén Thé Bio
Trudng Pai hoc Bach Khoa, Pai hoc Qudc gia Thanh phd Hd Chi Minh

TOM TAT

Cdp déng la mét phwong phép phé bién, hiéu qua nhat dé bao quan thiee pham. Tuy nhién,
phirong phdp cdp déng truyén thong van mdt khd nhiéu thoi gian dé cap déng san pham, lam giam
chdt heong san pham sau qud trinh cap déng. Viéc g dung song siéu am trong qud trinh cdp dong
sé la mot cong nghé méi va ddy hira hen givip giam thoi gian cdp déng san pham. Do méi san pham
cdp dong déu c6 cac dac tinh khac nhau nén viéc lua chon thong 56 song siéu am hé tro hiéu qua
cho qua trinh cdp déng cdc san pham khéc nhau la khéng giong nhau. Bai bdo trinh bay anh hiéng
cia s6ng siéu am t&i thoi gian cdp dong tém thé tai cdc mirc cong sudt OW, 75W, 100W, 125W, 150W
va 175W.

Tir khoa: Song siéu dm; Qud trinh cap déng; Tém thé; Thoi gian cdp dong.
ABSTRACT

Freezing is one of the most popular and efficient methods of food preservation. However,
traditional freezing takes quite a long time to freeze food products and decreases their quality. The
application of ultrasound is a new and promising technique to reduce freezing time. Because each
product has different characteristics, therefore, the selection of ultrasound parameters that support
food freezing processes is different. This article presents the effects of ultrasound on freezing time
during the freezing process of peeled white shrimps with ultrasound power levels: OW, 75W, 100W,
125W, 150W, and 175W.
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1. GIOI THIEU

Tom thé 1a mat hang c6 gid tri kinh té
cao cua Viét Nam. Theo tap chi ngudi nuoi
tom, udc tinh, nam 2023, xuit khau tém cua
Viét Nam dat 384,4 nghin tan, trj gia 3,346 ti
USD. Trong d6, xuat khau sang Hoa Ky, Nhat
Ban va chau Au chiém ti trong 16n nhit. Do
day déu 1a nhimg thi truong 16n nén yéu ciu
rit cao vé chat luong tom, nén viéc bao dam
chat luong tom xuat khau 1a mot viéc rat quan
trong. Hién nay, phuong phap pho bién duoc
sir dung & nudc ta dé bao quan tém xuét khau
1a cAp dong tom nhanh va dua vao bao quan &
kho lanh c6 nhi¢t d§ khong 16m hon -18°C. Tuy
nhién, trong qua trinh cdp dong, khi chuyén cac
phan tir 16ng chuyén dang sang tinh thé bing,
thé tich riéng ctia nuéc ting khoang 10%.
Chinh sy hinh thanh cta cac tinh thé bang da
pha v& md va cau trac té bao tom, dan dén sy
ddi mau va suy giam gia tri dinh dudng thuc
pham. C6 thé noi, kich thudc cta céc tinh thé
bing c6 anh huong dang ké toi chat luong san
pham cip dong [1]. Néu kich thudc céc tinh thé
bang lon va phan b6 khong déu (bén trong va
bén ng0a1 té bao) O nguy co cao pha v& ciu
tric té bao. Piéu nay xay ra khi toc do cap dong
khong du nhanh. Mét khéc, cac tinh thé bang
c6 kich thudc nhé va phan bd déu co kha niang
duy tri cdu tric té bao t6t hon [1]. Su phan bd
déu nay thuong xay ra ¢ toc do cip dong cao
[1]. C6 nhiéu nghién ctru chi ra rang cip dong
véi sy hod trg cua song siéu am (UAF) & miic
cong suat siéu am phit hop c6 the lam giam thoi
gian cap dong cia san pham. Sy thue day toc
do cap dong ctia song siéu am chu yéu dua vao
su tao mam bang va su thtic day qua trinh trao
d6i nhiét va chat. Sy tao mam biang gém hai
giai doan chil yéu: tao mam thir cAp va tao mam
so cap. Trong qua trinh tao mam so cap, mot s6
bong bong dugc tao ra nhod sy nén va dan cua
song siéu am. Cac bong bong nay, tuy theo vi¢ce
chung c6 kha ning phat nd hay khong, duoc

chia 1am hai loai: bong bong 6n dinh va bong
bong tam thoi. Bong bong on dinh thuong duoc
smh ra & cudng do siéu 4m thap. Chuyén dong
6n dinh cua ciia cac bong bong nay thiic day
qua trinh truyén nhiét va chét. O giai doan tao
mam thir cdp, cac bong bong tam thodi v& ra,
gidi phong nhiét do va ap suét cuc bo cao, ngay
lap tac tao thanh cac song xung kich, pha huy
cAu tric dang gai cua céc tinh thé bang, han ché
kich thudc cia cac tinh thé bang ban dau. Bén
canh do, cach manh v& nho maéi hinh thanh sau
khi tinh thé bang bi pha v& dong vai tro nhu
nhitng hat nhéan tinh thé, co thé tiép tuc phat
trién thanh luong 16n céc tinh thé bang mai, do
d6 1am giam thoi gian cip dong [2].

Tuy nhién, sy hi¢u qua cua song si€u am
trong viéc hd tro cap dong con phu thudc vao
cuong do song siéu am, thoi gian phat song va
thudc tinh cua vat liéu cap dong [3], mdi loai
vat liéu khac nhau khi cip dong s& can c6 ché
d6 siéu 4m phu hop riéng. Do dé, tién hanh lya
chon ché do siéu 4m phti hop 14 can thiét dé co
thé t6i uu dugc thoi gian cap dong vat liéu tuong
mg. Phan thuc nghiém nay duoc tién hanh dé
tim ra murc cong suat siéu am tdi wu nhét (trong
s6 cac muc siéu am duoc lya chon) cho qua trinh
cap dong tom the.

2. VAT LIEU VA PHUONG PHAP
2.1. Vit liéu

Tém thé (loai 30-35 con tuoi séng/kg)
duoc mua tai thanh phé HO Chi Minh va van
chuyén dén noi thi nghiém trong vong 30 phut.
bé c6 két qua 10 rang nhét, tom dugc boc vo va
dau, chi dé lai phan rudt. Khéi luong rudt tom
cho mot mé cap dong 1a 1000g (khoang 58-62
rudt tdom/mé). Khdi lwong ciia mot rudt tom ldy
mau 1a khoanh 18-20g, nhiét do tdm trudc khi
cap dong vao khoang 10-12°C.
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2.2. Thiét bi thi nghiém

« Ta cap dong gié ché do lanh 2 cip véi
budng cap dong co kich thude: 800 x 600 x 500
mm. Ning suat thiét ké cua tu: 1 kg/mé trong
vong 1h.

Hinh 2.1. Tii cap déng gié

« Bo phat song siéu am bao gdm cac
thiét bi:

+ Thiét bi tao
CDEXIMO0620 (hinh 2.2):

i
“»

Hinh 2.2. Thiét bi tao song sieu am CDEXIM0620

song siéu  am

+ Pau phat song siéu am dang tam:

)\

Hinh 2.3. Pdu phat song siéu am dang tam bdc

+ Trong tu dong, dau phat séng siéu am
dang tam duge cd dinh vao véach trong tu, dau
phat xa huéng lén trén, song song va nam bén
dué6i khay cip dong (hinh 2.4). Tan sé song
siéu am dugc su dung trong thi nghi¢m la 20
kHz.

Hinh 2.4. B6 tri dau phdt séng siéu am trong
ti dong

2.3. Thiét bi do
2.3.1. Thiét bi do nhiét dp

Thi nghiém str dung thiét bi do nhiét do
DS-1 (-50°C 70° C 1°C). Thiét bj c6 dau do

kim loai va kich thuéc dau do thiét bi phu hop
deé cam vao gitra con tom.

Hinh 2.5. Thiét bi do nhiét d DS-1
2.3.2. Thiét bi do khoi lwong

Thi nghiém st dung can khéi luong
Super SS (sai s6 5g).
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2.3.5. Thiét bi do thoi gian gidn doan

Thi nghiém st dung Ro-le luan phién
Omron DH48S-S dé thiét 1ap ti 1& gian doan
(thoi gian bat — tit) phat song siéu am.

Hinh 2.6. Cdn SuperSS

2.3.3. Thiét bi do dién ning cho mét mé cip
dong

Thi nghiém st dung déng hd cong to
dién 1 pha 2 day 220V Emic CV140 dé do dién
nang ti€u thu cta toan bd hé théng cho mot mé
cip dong. Hinh 2.9. Ro-le ludn phién Omron DH48S-S

2.4. Céch thire tién hanh

Khéi dong, chay may va cho cho tdi khi
nhiét do khong khi trong budng cap dong dat
toi -35°C. Trong liic chd méay chay, tién hanh
xir Iy boc vo tom va lam lanh tdm vé nhiét do
10°C. Khi nhiét 46 khong khi trong budng dat
-35°C, tién hanh gin dau do nhiét d6 vao giira
than tom, sau d6 tién hanh bo tém 1én khay cap
Hinh 2.7. Cong to dién I pha dong trong ti.

- P \
I "
-] |

2.3.4. Thiét bi do cong sudt séng siéu am

Thi nghiém st dung dong hd do cong
suat PZEM — 022 két hop voi diéu chinh cong
sut trén bo ngudn dé cho ra cong suit song
siéu 4m mong mudn sir dung.

Hinh 2.8. Pong ho do cong sudt séng siéu am Hinh 2.10. Tom trén khay
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Toém duoc xép 1én khay dang 1 10’p va
khong chong 1én nhau. Cac con tom cd gan dau
do nhiét do & tat ca cac lan thi nghiém déu duoc
dt tai cing mot vi tri (ngay phia dau khay cap
dong va bén trén bo phat siéu 4m). Tién hanh
ghi lai nhiét d6 tom sau mdi 5 phut, cho tdi
khi nhiét d tam tom dat -18°C thi két thtc thi
nghiém. Séng siéu am dugc bat tur luc bat dau
dua tom vao t6i khi két thuc thi nghiém.

Céach diéu chinh cong suét song siéu
am: Dung phat song trén bo nguon sau d6 diéu
chinh muc cong sudt mong mudn. Mtic cong
suat mong muén dugc do va hién thi bang sd
trén dong hd do murc cong suat PZEM — 022.

Céchtaotil¢ gién doan (thoi gian ding
— phat) song siéu am: Két n01 ro-le luan phién
v6i cong Input trén bd nguon siéu am, cai dat
gia tri thoi gian bat — tat trén ro-le luan phién,
sau d6 cap ngudn cho ro-le.

Céch do di¢n nang tiéu thu cho mot mé:
Dién nang tiéu thu cta toan hé théng duoc do
qua cong to dién 1 pha CV140.

2.5. N¢i dung thwe nghiém
Noi dung phan thuc nghiém bao gom:

« Thuc nghiém anh hudng ctia cong suit
song siéu am ti thoi gian cap dong tom tai cac
muc cong suat: OW, 75W, 100W, 125W, 150W
va 175W.

* Thuc nghiém anh hudng cua ti 1€ gian
doan song siéu 4m A t6i thoi gian cap dong véi:
A =0 1a phat song lién tuc; A = 0,4 1a 30s bat,
20s tit; A = 0,8 1a 30s bat, 120s tat; A= 1 1a
khong sur dung song siéu am.

* Theo doi muc ti€u thu dién nang tai

cac murc cong suat OW, 75W, 100W va 125W.
3. KET QUA VA THAO LUAN

3.1. Anh huéng ciia cong suit song siéu Am
t¢i thoi gian cap dong

Thi nghiém duoc tién hanh & cac muc
cong suat siéu am OW, 75W, 100W, 125W,
150W va 175W.

frir
A= ik
1% £y
| I | | ‘
Hinh 3.1. Biéu do thoi gian cap dong trén mot mé
theo cdac mirc song siéu am khac nhau

Can cr vao biéu do trén hinh 3.1 cho
thy thoi gian tai muc cong suat siéu am 100W
(50 phat) va 125W (53 phut), thoi gian cap
déng duoc rat ngan hon so véi khi khf)ng co
su ho tro clia song siéu am (55 phit). Diéu nay
khang dinh rang ddi v6i tom thi muc cong sut
siéu am 100W va 125W co6 dem lai hiéu qua
trong viéc giam thoi gian cap dong. Trong khi
do6, thoi gian cap déng khi str dung muc cong
sudt siéu &m 75W (57 phit), 150W (60 phut) va
175W (65 phut) lai cao hon so v6i khi khong
st dung song si€éu am. Gia tri nay ¢6 xu huong
tang lén khi cong suat siéu am tang. Nhu Vay,
¢6 thé xac nhan rang khong phai mirc cong suat
siéu &m nao ciing hd tro tich cuc trong viéc
giam thoi gian cip dong tom. Khi cong suat
qua yéu hodc qua manh déu anh huong t6i thoi
gian cép dong.
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Hinh 3.2. Duong cong cap dong thuc té tai cdac
mikc cong suat siéu am

Dé lam rd qua trinh cdp dong, ta xem
xét dudng cong cip dong thuc té cua cac qua
trinh trén hinh 3.2. Puong cong trén dugc lap
boi cac gia tri nhiét d§ duoc ghi lai mdi 5 phut/1
lan. Do thoi gian ghi lai tuong d6i 1au, nén so
v6i duong cong cap dong 1y thuyét cho thuc
pham, duong cong cap dong khong thé hién rd
duoc diém Supercooling (diém qua lanh — diém
c6 nhiét d6 thap hon nhiét d6 dong bang, nhung
khi d6 su hinh thanh cac tinh thé bing van chua
bat dau). Tuy nhién, cin clr vao nhimng dudng
cong cip dong thuc té ndy, ta van co thé xac
dinh dugc twong d6i diém déng bang (freezing
point) cua tom.

Thong thuong, qua trinh cdp dong
thuong duoc chia lam ba giai doan: Giai doan
lam lanh (vat liéu dugc lam lanh toi diém
dong bang, nhiét do gidm nhanh chong); giai
doan chuyén pha (tinh tir diém déng bang t6i
khoang -5°C, tinh thé bang bat dau dugc hinh
thanh, nhiét bi lay di 1a nhiét an, nhiét 46 hau
nhu khong dbi, chi giam nhe do sy ting ndng
d6 dung dich); va giai doan qua lanh xubng
nhiét d¢ yéu cau [4]. Hinh 3.2 cho thiy diém
doéng bing cta cac mau tom thyc nghiém vao
khoang -1,2 t61 -1,9°C. Trong do, mau tom tai
mirc séng siéu am 125W c6 diém dong bang
thip nhat -1,9°C, tai 100W 1a -1,8°C, tai 75W

la -1,5°C, tai 150W la -1,4°C va mau tai muc
siéu am 175W c6 diém dong bang cao nhat
-1,2°C. MAu tom c6 diém dong bang cang thap
thi c6 xu huéng két thuc giai doan chuyén pha
cang nhanh, tir ¢6 gitup két thiuc sém qua trinh
cap dong. Thoi gian cho giai doan chuyén pha
nhanh nhit 13 tai mtc 125W voi 20 phut, tai
100 W 1a 25 phut, tai 75W 1a 25 phut, tai 150W
1a 29 phit va lau nhat 13 tai mac 175W véi 35
phut. Nhu vay, co thé thiy, thoi gian cip dong
khi sir dung song siéu am thay doi chu yéu ¢
giai doan chuyén pha. Piéu nay 1a pht hop véi
nhan dinh song siéu 4m tc dong t6i qué trinh cap
dong chu yeu qua viéc hinh thanh cdc mam bing
va thic ddy qua trinh trao d6i nhiét — cht [2].

3.2. Anh huéng ciia ti 1¢ gian doan t6i thoi
gian cap dong

Duya trén thuc nghiém, ta nhan théy
mirc cong sut 125 W cho thoi gian cip dong
t6t nhat nén ta lya chon muc cong suit nay dé
thuc nghiém theo ti 1€ gian doan A. Cac muc
gian doan A dugc chon dé thyuc hién thi nghiém
la:

- A= 0: Phat song lién tuc;

- A =0,4: 30s bat, 20s tit;

- A =0,8: 30s bat, 120s tit;

- A= 1: Khong str dung song si€u am.

Hinh 3.3. Biéu do thoi gian cap dong theo ti ¢
gidn doan A tai mirc cong sudt siéu am 125W
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Tuy c6 hd tro tich cuc trong vi¢c lam
giam thoi gian cp dong nhung mot s6 nghién
ctru chi ra rang luong nhiét sinh ra trong khi
phat séng siéu am lién tuc can dugc xem xét
dén [5]. Luong nhiét sinh ra nay c6 thé anh
hudng toi thoi gian cip dong. Két qua trén hinh
3.3 cho théy, khi chon ti 1€ phat song siéu am la
0,4 (30s bat, 20s tat) thi thoi gian cip dong thu
duogc 1a tot nhat 1a 47 phat so véi 50 phat khi
phat séng siéu am lién tuc. Do do, co thé noi
viéc lya chon thoi gian phat song si€u am cling
1a viéc can thiét dé tdi vu thoi gian cap dong.

3.3. Mikc tiéu thu nang lwgng khi st dung
phwong phap cAp dong cé hd tro séng siéu Am

Ngoai viéc rat ngan thoi gian cap dong
thi van dé nang luong khi sir dung song siéu am
trong cip dong tom ciing 1a van dé nén duoc
xem Xeét.

Thi nghiém ghi lai nang lugng dién tiéu
thu ctia hé thong tir khi dua tom vao cip dong
to1 khi tom dat -18°C tai cac muc cong sut
siéu am: OW, 75W, 100W va 125W. Viéc do
dién nang ti€u thu dugc thuc hién qua cong to
dién 1 pha CV140.

| |

OW T3W 100W 125 W

rém i (W h/meE)

Cong sunl song sew & W

Hinh 3.4. Biéu do tiéu thu dién nang trén mot me
cap dong

Hinh 3.4 cho thy tai mic cong suét
125W, luong dién ning tiéu thu 1a it nhat, it hon
khoang 1,5% so véi khi khong str dung song
siéu am. Pong thoi, mic cong suat 125W ciing
12 mirc hd tro giam thoi gian tét nhat. Trong khi
d6, mirc cong suat 75W lai tiéu thy dién nhiéu
hon khoang 7% so v&i khi khong c6 su hd trg
cua song siéu am. Qua day, c6 thé khing dinh
qué trinh cip dong tom voi su hd tro clia song
siéu am cong suit 125W cho ra thoi glan cap
d6ng va muc tiéu thu dién ning thap nhat.

4. KET LUAN

Qua trinh thyc nghiém cho thdy séng
siéu 4m c6 nhitng anh huong nhét dinh t6i qua
trinh cap dong tom. Tai muc cong suat 125W
va ti 1& gian doan 0,4 thi song siéu am hd trg
tich cuc nhit trong viéc lam giam thoi gian cip
dong va tiét kiém dién nang tiéu thy. <
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