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1. Gidi thi€u
Lanh dong (freezing): la qua trinh ma nhiét dé ctua thue
pham duoc giam dén dwéi diem déng bang (freezing
point), va mot phan nudc & dang 16ng sé chuyén thanh tinh
thé da.
Bido quan sin pham lanh dong (Frozen storage): gitt san
pham lanh dong & nhiét do thich hop.



1. Gidi thiéu
Ung dung:
- Lanh dong trai cdy, cac san pham tur trai cay.
- Lanh dong rau cu
- Lanh dong fillet c4 va thuy san va mot so san pham da
qua so ché.
- Thit dang nguyén manh, nira manh sau giét mo hay pha
l6¢, mot s6 san pham th1t (xUc xich, thit bo vién,...)
- Lanh dong cac san p. 1am tir stra va trirng
- Lanh d6ng cac san pham nudng
- Lanh dong cac san pham da chuan bi san
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2. Ly thuyét lanh déng thuc pham
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2. Ly thuyét lanh déng thwe pham Puwong cong lanh dong
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2. Ly thuyét lanh dong thuc pham Puwong cong lanh dong
Doi vii lanh dong thwe phim:
- Puwong AS:
+ Thuc pham 1am lanh dén dwéi diém déng bing (=sensible heat).
Do trong thuc pham c6 chtra cac thanh phan chat tan nén diém dong
bang cua nudc trong thuc pham ludén nhé hon 0°C.
+ O diém S nude van duy tri trang thai 16ng mic di nhiét d6 nho hon
nhiét d dong bang- Hién twong qua lanh
+ Nhiét d§ tng véi diém S goi 12 nhiét dd qua lanh.
+ Piém qué lanh cO thé thap hon 10°C so véi diém bat dau dong bang.

7



2. Ly thuyét lanh déng thwe pham Puwong cong lanh dong
Doi véi lanh déng thuwe phim:
- Pwong SB: + Tinh thé da bat dau hinh thé}nh, an nhiét dong bang
duoc phong thich 16n hon nhiét duoc di chuyén ra khoi hé thong.

+ Nhiét d§ san pham ting nhanh dén diém doéng béing.
- Puong BC: + Toc d6 di chuyén nhiét tir thuc pham khong thay doi.

+ Nhigt di chuyén ra khoi thuc pham 13 an nhigt dong
bang — nhiét d¢ duy tri ¢ diém dong bang cua nudc.

+ Nhiét do diém C < B do su gia ting nong d¢ chat tan
trong pha léng khong dong bang.

+ Phan 16m tinh thé da dugc hinh thanh. 8



2. Ly thuyét lanh déng thwe pham Puong cong lanh dong
Doi vdi lanh dong thwe phiam:
- Puong CD: + Mot so thanh phan chat tan trd nén qué bio hoa va
két tinh.
+ An nhiét két tinh dugc phdng thich lam nhiét do
san pham tang dén nhiét d§ eutectic cua chat tan do.
- Pwong DE: Sy hinh thanh tinh thé nudc va chat tan van tiép tuc.
- Puwong EF: + Nhiét do cua hon hop da- nudc giam dén nhiét do
thiét bi.
+ Mot phan nudc trong thuc pham van giir ¢ trang thai long.
+ Luong nudc khdng dong bang phu thudc: thanh phan, loai
thuc pham va nhiét do bao quan 9



2. Ly thuyét lanh déng thwe pham
Sw hinh thanh tinh thé da
- Piém dong biang thuc pham la “nhiét do tai thoi diém tinh
thé d4 ton tai mot cach can bang vai moi trudng xung quanh”.
- Tam phan t& nude hinh thanh — hinh thanh tinh thé da:
hinh thanh ¢ giai doan qua lanh.
- P qua lanh la chénh Iéch gitta nhiét 0 dong bang va nhiét
dé qua lanh.
- Po qué lanh phu thudc: loai thwe pham va toc do thoat

nhiét ra khoi thuc pham.
10



%in phim Ham ligng nuide (%) Nhiét di bét ddu dong bing,"C

MNudc tio 87,2 -1.44
MNudc tio of dic 449 8 -11.33

Ming thy (asparagus} 02 6 6T

Carrots 81,5 -1, 11

Nudc anh dio (cherry) BT -1.44

> o A A Anh dio ngot 17,0 -261
Bang 1 Nhl@t d(.) Muidc nho B4, 7 -1.78
dong bang cua mQt 8.5 144
X o - Mudc cam LAt -1.17
SO 102.“ rau qua Pao 83,1 -1.56
L& LR -1

Min B3 -228

Mim x6i (raspberry ) 827 -1.22

Murde qua mam xii Bd.5 -1.22

Rau spinach 00,2 -1.56

Déuw tiy H9.3 -[.59

MNusdc diu 1.7 -89

Béu Ha lan {dai) 75,8 -1.43

Thit qui ci chua 929 -1.72

Noadur » Heldman vt Stngh [ 1981 )



2. Ly thuyét lanh déng thue pham

Bang 2 Ham lwong nwéc va diém déng bing ciia thuwe pham

Rau 78-92 -0,8 dén -2,8
Qua 87-95 -0,9 dén -2,7
Thit 55-70 -1,7 @én -2,2
Ca 65-81 -0,6 dén -2,0
Stra 87 -0,5

Tring 4 -0,5



2. Ly thuyét lanh déng thwe pham

Lanh déng nhanh: tao ra mot lwong 1ém cac tinh thé da co
Kich thwéc nhé. "¢
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Hinh 3 Sw thay ddi nhiét dd ciia thwe
pham qua vung téi han cia lanh déng 13



2. Ly thuyét lanh déng thwe pham
Sw c0 ddic ciia chdt tan
- Nhiét d0 giam, nong do chat tan tien dan dén diém béo
hoa va su két tinh xay ra.
- Nhiét d eutectic: nhiét do tai do6 tinh thé cua chat tan ton
tai can bang vai khdng dong bang va tinh thé da.
- Nhiét d6 eutectic cudi: 1a nhiét do eutectic thap nhat cta
chat tan trong thuc pham. VD: kem (-55°C), thit (-50+-60°C),
banh mi (-70°C).
- Su hinh thanh tinh thé t6i da khi nhiét do giam dén nhiét do
eutectic cudi. 14
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2. Ly thuyét lanh déng thwe pham
Sw c0 ddic ciia chdt tan
- Khi thuc pham lanh dong, phan khoéng déng bang trong
nguyén liéu dac hon va hinh thanh “thuay tinh> bao quanh tinh
thé d4 — nhiét 6 chuyén pha thuy tinh (T,).
- Nhiét do ton trir thap hon T — su hinh thanh cac tinh thé

da dang thuy tinh bao vé cau truc thuc pham — kha ning ton
trir thuce pham tot nhat.

16



Bang 3 Nhiét do
chuyén pha thiy tinh
cua mot s0 thuwe pham

Thuc phiim

Nhiét 46 chuyén pha thiiy tinh (“C)

Tridi cly vi cdc sdn phﬁrn trdi ciy

Téo -4] +-42
Chudi -35
Bao -3t
Diin -33 + 4]
Ca chua -41
MNho -42
Nudc ép tio =37
Cic loai ran
Bip ngot, twidi -15
Khoai tiy tudi -12
Briu Ha Lan dong lanh -25
Bing cii, ding lanh -12
Kan Bina ddng lanh -17
Tring miéng
Kem =31 +-33
Pho-muit
Cheddar -24
Creamcheese -33
Cid va thit
Thit cd myét -11, 706
Thit cd thu -12,4+0.2
Bip thit by -1240.3

Nywin: Fenmema | 1996)



3. Tinh chét ciia thwe pham lanh dong

Khoi lwong riéng (density)

1 1 N 1 N 1
—:m _— m —_ m._
P Py TPs P

Trong d6: m,: khoi luong ciia nudc khdng dong bing
m,: khoi lugng chat kho

m;: khoi luong nudc di dong bing

18



Bang 4 Khoi lwong riéng ciia mét s6 thanh phan tinh khiét

dwoc tinh cho thwe pham léng

T{"C) Khii higng riéng (kg/m”)
MNudc Protein Lipid Carbohvdrat Tro
20 097.6 1289 4 016,4 1424.6 17434
30 005,2 12722 013,5 14133 1731,2
40 001,2 12588 006, 7 13902 17198
50 086,8 12462 02,7 1386.4 1 7047
60 083.3 12314 8943 1369.5 1691.5
70 078,2 1222.6 8849 13582 1679.1
80 0715 12129 880,0 13464 | 6688
90 065,0 12043 876,0 13372 6584
100 0580 11984 874.2 13317 | 6493

19



Khéi lwong riéng (kg/m3)
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3. Tinh chét ciia thwe pham lanh dong
Thay déi thé tich
Thé tich cta nudc da 16n hon thé tich cua nude tinh khiét 9%.
Mtrc d6 gidn nd thé tich ctia thuc pham phu thudc vao:
+ Ham lugng am
+ Su sap xép té bao (thuc vat chira khoang khéng trong gian bao)
+ Nong d6 céac chat tan
+ Nhiét do cua thiét bi cap dong (xac dinh lugng nudc khéng dong
biang — mirc d6 gidn nd thé tich khac nhau)
+ Céc thanh phan két tinh gom nuéc da, chat béo, chat tan khi lam

lanh thé tich giam lai
21



3. Tinh chét ciia thwe pham lanh dong
D¢ ha bing diém (Freezing temperature depression)
- D6 ha biang diém la chénh 1éch nhiét do bat dau dong bing gitra
thwe pham va nudée tinh khiét.

k(l 1) InX,
n
Ry\Tao Ty

Trong do: A: nhiét n(’)ng chay cua nudc (J/mol), A=6003 J/mol

Ry hang s6 khi Iy tuong (J/kg.K), R,=8,314 J/mol.K

TAO : nhiét do dong bang cua nu’0’c tinh khiét & ap suat
thuong (K), Too= 273 K

T, : nhiét do dong biang ciia nudce trong thuc pham (K)

X, phan mol ctia nude trong thyc pham 22




3. Tinh chét ciia thwe pham lanh dong
D¢ ha bing diém (Freezing temperature depression)
Phan mol cua nudc trong thuc pham:
¥y — my /My
, * o my /My + mg /Mg ?
Trong do: m,: khot luong cua nuoc trong thuc pham
M ,: khéi lwong phan tir ctia nude
mg: khoi lugng cua chat tan trong thuc pham
Mg: khoi lugng phan tir ciia chat tan

23



3. Tinh chét ciia thwe pham lanh dong
D¢ ha bing diém (Freezing temperature depression)
Vi du 1: Mot thuc pham chira 15% chat tan, chu yéu 1a duong c6 khoi
lugng phan tu thép béng 180. X4ac dinh nhiét d6 bat dau dong bang
ctia san pham. Gia str san pham ¢6 chira 85% nudc.
Giai
0,85/18

X, = = 0,98266
@™ 0,85/18 + 0,15/180

Nhiét d6 bat dau dong bang:

6003/ 1 1
8,314 <273 Ty
=>T,=271,2K=-1,8 °C. 24

) = [n0,98266



3. Tinh chét ciia thwe pham lanh dong
D¢ ha bing diém (Freezing temperature depression)
Vi du 2: Mot thuc pham chira 40% chat tan, chu yéu 1a duong c6 khoi
lugng phan tir thap bang 180. X&c dinh nhiét d6 bat dau dong bang
clia san pham.

Giai
B 0,6/18 B
o a " 0,6/18+0,4/180 =0,9375
Nhiét do bat dau dong bang:
6003( — — 1) = [n0,9375
8,314 \273 Ty

=> T,= 266,413K= -6,6 °C.
25



3. Tinh chét ciia thwe pham lanh dong
D¢ ha bing diém (Freezing temperature depression)
Vi du 3: Xac dinh ti 1¢ nuéc khong dong bang trong qué trinh lanh
doéng qua mam xdi ¢ -10°C. Biét ham lugng nudc 82,7% va nhiét do
bat dau dong bang 1a -1,22°C.
Giai
Luong nude khong dong bang ¢ -10°C la:
mA(—lO)/ My
My—10y/Ma + ms/Ms

Xa(—lO) —
+ Tim Mq:

2. _ Mma(-1,22)/Ma
Ta co: Xa(—1,22) =

Mma(-1,22)/Ma+tms/Mg

26



3. Tinh chét ciia thwe pham lanh dong
D¢ ha bing diém (Freezing temperature depression)

Vi du 3: Giai
Ma: InX —i(i— ! )—6003(1 ———) = —0,01187
$0a=122) T R \Tao  Taciaz)  8314\273 27178/ T
= X1 9/= 09882
me. My X, — 0,173.18.0,9882
- M = S ATaCL2) o = 315337

My_122)(1 — Xa1229) 0827(1—0,9882)
+TIM X, 10)-

- a1 L ) _6003( 1 1\ _ o
TR N\ Ta10)  8314\273 263/
= Xy10= 0,9043 27




3. Tinh chét ciia thwe pham lanh dong
D¢ ha bing diém (Freezing temperature depression)
Vi du 3 Giai
Xa(_1o)-MA-m5 _ 0,904.18.0,173 _ 0’0931:9,31%
Ms(1-Xq(-10))  315,337(1-0,904)
Vay khi lanh dong qua mam x0i ¢ nhiét do -10°C, ty 1€ nudc khong dong bang
trong toan khoi thuc pham 13 9,31%.
Ty 1& nude khoéng dong bang so véi luong nude ban dau Ia:
0,0931/0,827=0,113=11,3%

= My=

28



3. Tinh chét ciia thwe pham lanh dong
Bai tap 1: Mot thuc pham chia 15% chat tan 1a mudi an.
Xac dinh nhiét do bat dau dong biang cua san pham. Gia sur
san pham cO chtra 85% nudc.

29



3. Tinh chét ciia thwe pham lanh dong

Bai tap 2: Du doan nhiét do bat dau dong bang cua nudc
cam & 12 °Brix va nuéc cam cd dic 48°Brix. Nong do tinh
theo phan tram khoi lugng (W/w) Biét dung dich chi yéu la
duong c6 khoi lwong phan tir 1a 180.

Bai tap 3: Xac dinh ti 1€ nudc khong dong bang trong qua
trinh lanh déng nac bo & -10°C. Biét thanh phan ctia nac bo
gom 77% nudc, 22% protein, 1% tro va nhiét do bat dau
doéng bang la -1,75°C.

30



3. Tinh chét ciia thwe pham lanh dong
Bai tap 1: Du doan nhiét do bat dau dong bang cua nudc
cam & 12 °Brix va nuéc cam cd dic 48°Brix. Nong do tinh
theo phan tram khoi luong (w/w) Biét dung dich chu yéu la
duong ¢6 khoi luong phan tir 1a 180.
Giai

+ Nudc cam & 12 °Brix la; x, = —28%18 __ _ (9865
0,88/18+0,12/180
At AL Le X 4 .. 6003 (1 1
Nhi¢t do bat dau dong bang: ( — —) = [n0,9865
8,314 \273 T4

=>T,=271,6 K= -1,4°C )



3. Tinh chét ciia thwe pham lanh dong
Bai tap 1: Du doan nhiét do bat dau dong bang cua nudc
cam & 12 °Brix va nuéc cam cd dic 48°Brix. Nong do tinh
theo phan tram khoi luong (w/w) Biét dung dich chu yéu la
duong ¢6 khoi luong phan tir 1a 180.
Giai

+ Nudc cam & 48°Brix 1a; x, = — 22 __ — 9155
0,52/18+0,48/180
At AL Le X 4 .. 6003 (1 1
Nhi¢t do bat dau dong bang: ( — —) = [n0,9155
8,314 \273 T4

=>T,= 264,18 K=-8,82 °C 32



3. Tinh chét ciia thwe pham lanh dong

Nhiét dung riéng: Nhiét dung riéng cua san pham dua vao thanh
phan nguyeén liéu:

C=C,ymyt Cyme+ C,om+ C,,m,+ C;ym,
Trong do:
C,, m,: NDR, kh(f)i luong cua protein cé trong san Phém
Cpr M- NDR, khoi luong cua lipid c0 trong san pham
Cper Mt NDR, khoi Iugng cua carbohydrate co trong san pham
C.,, m,: NDR, khoi luong cuia khodng c6 trong san pham
CowMy: NDR, khoi luong ctua nwée chwa dong bang co trong
san pham 33



Bang 5 Nhiét dung riéng cita mot so6 thanh phan tinh khiét dwoc
tinh cho thwe pham léng

T("C) Nhiét dung riéng (kJ/kg."C)

Nurdc Protein Lipid Carbohydrat Tro
20 4,180 1,711 1,928 1.547 (0,908
30 4,172 1,765 1,953 1.586 0,937
40 4,174 1,775 1,981 1.626 (0,947
50 4,176 1,842 2,004 1,639 0,976
60 4,179 1.891 2036 1.691 1,01
70 4,185 1.914 2062 1.734 1,025
80 4,193 1,942 2,098 1.968 1,045
90 4,199 1.967 2,124 1,787 1,057
100 421 1,993 2,141 1,824 1,059

Newon : Chot va Okos (1986)



NDR biéu kién trong qua
trinh lanh dong:

dH
CpA (T) = d_T

Nhiét dung niéng biéu kién, kMkgC

m

sof Ham legng nudce = 77%
‘Nhiét A6 bat dau lanh déng-2,61'C \
754 :
1
|
|
2 !
|
!
J
194 [
I
'
!
0, |
1
‘
51 :
4] - - - 3
-0 -2 -20 9

Nhigt dd ('C)

Hinh 4 Tac dong ciia nhiét do dén sw thay doi nhiét dung rleng

biéu kién ciia qua anh dao ngot lanh déng



3. Tinh chét ciia thwe pham lanh dong
H¢ sé dan nhiét ciia san pham:
Bing 7 Hé s6 dan nhiét ciia mot so thanh phan co bén trong

thyc pham long Nhiét 4o D din nhiét (W/m °C)

A A X . ) ("C) Nudc Protein Lipid Carbohydrat Tro
He so (}an I}hlet cua 0 06012 0,1993 0.1765  0,2039 0,1356
san pham ran cOthe 30 o619 0.2109 01759 02178 0,1402
xem nhu déng nhat 40 06332 02182 0.1737 02285 0,1430

e X \ 50 06464 02291 01724 02386 0,1480
gitra cac thanh phan. ¢ (con oo 01708  0,2463 0,1543

70 06643 02475 0,1686  0,2594 0,1577
80 06712 02528 01669 02632 0,1619
| — z k;.m; 90 06768 02553 0,1656 02665 0,1642
100 06827 02622 01645 02723 0,1645

Newon: Choi va Okos | 1986)



3. Tinh chét ciia thwe pham lanh dong
H¢ sé dan nhiét ciia san pham:

Hé =& dam nhigt, WimC

1,784
.50+
-------------------
4 25_
1,004
0. 75+
Song song
= = Sufing gic
.50 SHILL w w. [1SETIR
o ENTEZ (198110
BHILL av ol [PBETIL
.20 FLENTZ [19410L
fi] E - - — =
=15 =10 -5 =20 =15 -0 =5 a
Mhigt 44, 'C

Hinh 5 Anh hwéng ctia nhiét d9 lanh dong dén su thay d6i hé so
dan nhiét cia thit nac bo >



3. Tinh chét ciia thwe pham lanh dong
Enthalpy: Dwa trén gia tri ¢ nhiét do tham chiéu -40°C H =
MCps [ Lo dT + My Cpyy [ dT+ [ Tr My, (T). Cpoy (T)dT +

m,(T).L + f_40 mg(T). Cps (T)dT

Nhiét cam ciia phan ran trong thue pham 6 bat ky nhiét dé nao (T;)
Nhigt cam cua phan nwée khong déng bang (m,) khi T, lon hon
nhiét do bat dau lanh dong cua san pham (Tg)

Nhiét cam ciia nuée khdng dong béang trong thuwe pham lanh déng.
An nhiét cho qué trinh chuyén pha.

Anh huong ciia lwong nwéc di dong biang (M)
38



3. Tinh chét ciia thwe pham lanh dong

Enthalpy' Enthalpy (kJ/kg)
B0
Ham lurgmg nurae = 77% -~
4004 Mhigt 4% bat dau dang bang; -2.61°C |
i
I:I w
J004 .'ll i
.II.I
.. [d
2001 i
I,
1004 /
S :
o ._-':. —30 —20 —1i0 ]

Mhiét g, 'C

Hinh 6 Tac dong ciia nhiét @9 dén su thay déi enthalpy trong

qua trinh lanh dong anh dao ngot 3



—r . - - - - - - e

Nuiife Nhiét i ("C)

. Sin phim
Enth al py (%) 40 -30 20 -18 12 4 2 a0
- Nhim rau qué
Carrot 828 Enthalpy (klkg) 0 21 46 51 72 139 218 357 361
% UFW® - - 7 11 29 53 100 0
Difa leo 954 Enthalpy (klikg) 0 18 39 43 57 93 125 184 390
% UFW" - - - . - 11 20 37 100
Hanh 85.5 Enthalpy (klikg) 0 23 50 55 81 163 263 349 353
% UFW® - 5 & 10 16 3% 71 100 -
Spinach 90,2 Enthalpy (klkg) 0 19 40 44 60 103 145 224 371
% UFW® - - . 6 16 28 53 100
Diu tiy 89.3 Enthalpy (klikg) 0 20 44 49 &7 127 191 318 367
% UFW® - 5 . 9 24 43 86 100
Mam xdi 827 Enthalpy (klikg) 0 20 47 53 75 148 231 340 344
% UFW® - 7 & 13 33 61 100 -
Anh ddongot  77.0 0 26 58 66 100 225 317 320 324
- 9 15 17 % &7 100 - -
Ca chua 929 Enthalpy (klikg) 0 20 42 47 63 114 166 266 382
(thit qud) % UFW® - - - ) 6 18 33 65 100
Nhim trifng
Long irng 86,5 Enthalpy (kIfkg) 0 18 39 43 58 96 134 210 352
% UFW® - 0 - ) 23 40 82 100
Ling 8 400 Enthalpy (klkg) 0 19 40 45 62 99 128 182 19]
% UFW® 20 - - 2 - 38 58 94 100
Nguyéninfng 664 Enthalpy (kIfkg) 0 17 36 40 55 88 117 175 281
icd vd©)



3. Tinh chét ciia thwe pham lanh dong
H¢ sé6 khuéch tan nhiét biéu kién:

K
“a (D =Sy

Trong do:

<, (T): hé s6 khuéch tan nhiét (m2/s)

k(T): hé so dan nhiét ciia thuc pham (W/m.K)
0(T): khdi lugng riéng cua thuc pham (kg/m3)
C,4(T): nhiét dung riéng cua thuec pham (J/kg.K)
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Hé 5o khuéch tan nhiét

R g

1
!
|
i
i

Nhiét dé :
Hinh 5 Moi quan hé giira hé s6 khuéch tan nhiét va nhiét do
trong suot qua trinh lanh dong thwc pham
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3. Tinh chét ciia thwe pham lanh dong
Bing 8 Anh huwéng ciia nhiét d§ dén tinh chat ciia nuée da

Nhiét dd ("C) Hé si diin nhiét  Nhiét dung riéng  Khdi lugng riéng
(W/mK) (kJ/kg.K) (kg/m®)

-101 3.50 |.382 0258
-73 3.08 |.5K7 0242
455 2.72 . 783 9226
-23 241 1.922 9194
-18 2.37 1.955 9194
-12 232 |.989 9194
=7 227 2,022 9178
227 2 050 9162

Neudn: Dickerson, 1969



3. Tinh chét ciia thwe pham lanh dong

Bing 9 Hé s6 truyén nhiét ciia moi truong lanh dong

Diéu kién

Hé si truyén nhiét (W/mK)

Tudn hoin w nhién

Fhing khi (air blast)

Lanh déng tiép xic

Lanh déng biing nudc mudi twin hodn chim

Lanh dong biing nudc mudi widn hoin nhanh

Lanh ddng biing Nitd 16ng
- Luu chét di chuyén dudi tim phiing nfim ngang
- Luu chét di chuyvén & trén tim phing niim ngang

Mudc shi

5
22

56

56
85

1700
4215
568

Neudn: Heldman va Singh, 1981
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Vi du 3: Nac thit bo ¢d thanh phan 77% nudc, 22% protein va 1% tro.
Nhiét do ban dau cta san pham 10°C va nhiét do cuoi 1a -10°C. Nhiét
d6 ban dau bat dau dong bang -1,75°C. Tinh khoi lugng riéng, nhiét
dung riéng, hé so6 dan nhiét cua thuc pham o 10°C va -10°C.
Giai
* (3 10°C:

+ Khéi luong riéng: ——077—+022 + 0,01
997,6 1289,4 1743,4

= p= 1054 6 (kg/m?3)
+ Hé s6 dan nhiét:
k=0,77.0,6012+0,22.0,1993+0,1356.0,01=0,508 (W/m.K)
+ Nhiét dung riéng:
C,=0,77.4,18+0,22.1,711+0,01.0,908=3,604 (kJ/kg.K) 45

= 9,48



Giai
* () -10°C:
- Luong nudc kKhong dong bang ¢ -10°C la:
ma-10)/Ma
ma(—10)/Matms/Ms

Xa(-10) =
+ Tim Mq:
Ta cO: Xy(—1,75) = A7) B

ma-1,75)/Ma+tms/Mg

. A1 1 6003 (1 1)
Ma: InXq(—1,75) = R, (TAO B TA(_1’75)) T 8314 (273 B 271,25) =—00171

= X.1.75= 09831
mS.MA.Xa(—1,75) _ 0’23180'9831 3128

My_175(1 = Xa_1rs)) 077(1—0,9831) 46

:>MS:



Gidi
* (0 -10°C:
- Luong nudc khong dong bang ¢ -10°C la: X519y =

ma(-10)/Ma
ma(—10)/Matms/Mg

+TIM X, 10)-

- A1 B 1 6003/ 1 B 1 010056
TR N\ Tac10)  8314\273 263/

= X107~ 0,9043

Xa(-100MaMs _ 0904318023 _ 0,125=12 5%

Ms(1-Xq(-10))  312,8(1-0,9043)

100 g thit bo thi 1am lanh dén -10°C s& ¢6 12,5 g nudc khong dong biang

Nhung nudc trong thuc pham ban dau chi ¢6 77 g nén nude dong biang

trong thuc pham so vdi nude ban dau 1a: 12,5/77=0,162=16,2%

Luong nude dong bang trong thuc pham: 77-16,2=60,8%=0,68 47

= My=



Giai
* (O -10°C:
1 1 1
P pu Ps Pl

= 0, 125 -+ 0,22 + 0,01
1289,4 1743,4

= p= 996 35 (kg/md)
+ k=0,125.0,6012+0,645.2,3+0,22.0,1993+0,1356.0,01=1,6 (W/m.K)
+ C,= 0,125.4,18+0,645.2,0+0,22.1,711+0,01.0,908=2,198 (kJ/kg.K)

+0645—— = 1,004.1073
918,8
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Bing Anh hwong ciia nhiét dd dén ty 1é nwée déng biang trong
mot soO san pham thit

Nhiét do (°C) Ty I€ nwée dong bang (%)

Thit nac ga Thit nac bo Fillet ca tuyét
-5 74 74 77
-10 83 82 84
-15 85 87
-20 88 87 89

-30 89 88 91
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4. Tinh toan thoi gian lanh dong
Thaoi gian lanh dong, theo cong thire Planck:
p.L <P. a R. a2>
tp = +
Tp — Ty \ h, k
p: khoi luong riéng cua san pham (kg/m3)
L: nhiét thodt ra do qué trinh két tinh nudc da (kJ/kg)
L= do am x 333,22 (333,22 |4 nhiét két tinh cua nudc da (kI/kg))
T.: nhiét 4o bat dau dong bang clia san pham (°C)
T_.: nhiét do mOI trudng lanh dong (°C)
a: kich thudc san pham (m)- Bé day hoic dwong kinh cua thuc pham
h.: hé so cap nhiét ctia san pham (W/m2.K)
k: hé s6 dan nhiét ctia san pham dong lanh (W/m.K)
P va R: hang s6 thay doi theo dang hinh hoc ciia sin pham 50




4. Tinh toan thoi gian lanh dong
Bing 10 Hang s6 hinh hoc P va R dé tinh toan thoi gian lanh déng

Dang hinh hoc cua thuc Hing so P Hing so R
pham

Tam phang dai vo han 1/2 1/8
Hinh tru dai vO han 1/4 1/16
Hinh cau 1/6 1/24

Néu kich thwéc cita sin pham khong dai vo han hoic khéng co
dang hinh cau, st dung do thi (Hinh 6) dé wéc lrong hang so P
va R )



S, . , N T N )
Gia tri B, va B, dwgc tinh | i o NN
nhw sau: T1 BN ENERENEE

Ay 16 = O NN TN N
8, chiéu rong gmann 1‘\::3\?‘4\5: N
kich thwdc nho nhat S N O O S D

chiéu dai NANIEAEAN \“xm‘ aul
B2 = (ich thudenho nhat PN NS
1C woc nho nha 1 \mk NI e | T

AN AN N S
[N e [ -
\n.if\x ™ \\-« 24 EH“*-—-,____ hhh'"""'-—-—-
Sl Ipe o T

. N b~ QEH R"’“‘"ﬁ_ _HH_'_"':"“"-=._

By
Hinh 6 P6 thi xac dinh hing sé P va R sir dung
cong thire Planck cho nguyén liéu dang hinh khoi 52



4. Tinh toan thoi gian lanh dong
Vi du 3: Block thit bd ¢d kich thudc 1x0,25x0,6 m, hé s6 cap nhiét
30 W/m2.K, nhiét do ban dau 14 5°C dugc 1am lanh dén -10°C, nhiét
d6 moi truong -30°C. Khoi lugng riéng cta thit bo 1050 kg/m3, nhiét
thoat ra trong qué trinh két tinh nudce 1a 333,22 ki/kg, dd am cua thit
14 74,5%, hé s6 dan nhiét 1,108 W/m.K, nhiét d6 bat dau dong bang 1a
-1,75°C. Tim thoi gian lanh dong theo cong thirc Planck.
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4. Tinh toan thoi gian lanh dong

Vi du 3: Giai
Ta cO:

chiéu rong 0,6
Bl — 214;

~ kich thuéc nhé nhat 0,25
B chiéu dai B 1 4
P2 = kich thwéc nho nhat 0,25

Tt hinh 6 tra dwec P=0,3 va R=0,085

po—_PL_(Pa R.a®\ _ 1050.(0,745.333,22.10%) (0,3.0,25
F o re—Tw \ e kK ) [—1,75—(=30)] 30
0,085.0,252 .\

Tos ) = 67307,6 s = 18,7 gior
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., . . , " T N )
Gia tri B, va B, dwgc tinh | R o NN
nhw sau: "1 [TV s [N\ A

U ré S MIANANA NG NI N
B _ Chleu rong 5 |I| || ]':ll I,II1III 1\1\\&3\? '\‘ \\ \\\ <+
1™ kich thwéc nho nhat T T hekh \\h N E‘mx ANE

chiéu dai VRN NN
B2 = (ich thudenho nhat PN INC TS
1C woc nho nha 1 \mk \ X e | T

AN AN A R S % —
A e [ 1 —
\U-ib\ ™ \\““‘m 24 EH‘*—-,_ hhh'"""'-—-—-
Sl L

1 N b QE““% R”‘ﬁn— HE““"*—:._
1 2 3 4 5 [ TﬁlE 9 10

Hinh 6 D6 thi xac dinh hiang sé P va R sir dung
cong thire Planck cho nguyén liéu dang hinh ki6i



4. Tinh toan thoi gian lanh dong

Cleland va Earle da phat trién cong thire Planck:

1 1
Ng, = P + R
7 NpiNse N
Npo = —5 = p ——: chuan s6 Fourier
Cp.
Np; =
Ngto = CpT (ZZ Teo). : chuan s6 Stefan (Hinh 7, 8)
Npyx = “pu: (ATI; Tr). - hang s6 Planck (Hinh 7, 8)

Truyén nhiét tuong duong: EHTD= 1+w,+w,
(w,, W, dugc xac dinh theo Hinh 9)
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Hinh 9 D6 thi xac dinh gia tri w
theo twong quan giira chi so Biot
va yéu to hinh hoc
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4. Tinh toan thoi gian lanh dong
Vi du 4: Block thit bo c6 kich thude 0,1x0,06x0,02 m dé lanh dong
trong hé thong str dung khéng khi véi hé s6 cap nhiét 22 W/m2.K,
nhiét d6 ban dau 1a 10°C duogc 1am lanh dén -10°C, nhiét ¢6 moi
truong -20°C. Nhiét thoat ra trong qua trinh két tinh nude 1a 333,22
kJ/kg, nhiét d6 bat dau dong bang 1a -1,75°C. Cho biét thanh phan cua
nac b0 gom 77% nudc, 22% protein va 1% tro. Tim thoi gian can thiét
dé lanh déng san pham
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4. Tinh toan thoi gian lanh dong

Vi du 4: Giai
Ta co:
1 1
Np, = P +R
NBi-NSte NSte 5
_at __  krt __ Npo.p.Cp.a
p.Cp.a EHTD .k
Tinh:
h..a 22.0,02
+ Np; = < = =0,275
k 1,6
Co1(TF—Tso) 2,198.(—1,75—(—-20
+ Ngpo = =2 = = ( (720)) _ 0,1906
AH 333,22.0,6315

V61 AH=luong nude dong bang.333,22
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4. Tinh toan thoi gian lanh dong

Vi du 4: Giai
Tinh:
Ny = Cpu-(Ti—TF) _ 3,604.(10-(-1,75) _ 0,201

AH 333,2.0,6315
+ Xac dinh P, R: tra hinh P=0,58 va R=0,184

+ Tinh EHTD: Ta co:

0,06 \ 0,1 N \ \
p1=7-=3 vaf, =——=>5= Trahinhtheo Ny va p, va ,

v w,=0,15
v W,=0,06
— EHTD=1+0,15+0,06=1,21
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4. Tinh toan thoi gian lanh dong

Vidu 4. Giai
1 1 0,58 0,184
Suy ra: Np, = P + R = = 12,3
Np;Ns¢e Ngte  0,275.0,1866  0,1866

Thoti gian lanh dong:

Npo.a?.p.Cp _ 12,3.0,022.997,67.2,198.1000
EHTD.k 1,209.1,198

tF:

= 7449 giay = 2,1 gio

63



Bai tap lam thém
San pham thit dang slice c6 bé day 8 mm duoc lanh dong tiép XUc bang
thiét bi lanh dong tam. Tam c6 nhiét d6 -30°C va san pham c6 do am
72%, hé s6 dan nhiét 1 W/(m.K), khdi luong riéng 950 kg/m3 nhiét do
ban dau cta san pham 1a 15°C, nhiét do bat dau lanh déng cua thit 1a
-39C. Hé s6 trao doi nhiét d6i luu gitra tam va thit 14 100 W/m2.K. Tinh
thot gian lanh dong cua slice thit theo cong thirc Plank.
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h.hé s6 cap nhiét cia san pham (W/m2.K)

1_1+x+1
he aa Kpp  Opy

Vi o,y: hé s6 trao d6i nhiét d6i luu (W/m2.K)
X: bé day cua bao bi (m)
k: hé so dan nhiét ctia bao bi (W/m.K)
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Bai tap thém
a. Mot mleng thit dugc lanh dong tiép xuc bang thiét bi
lanh dong tam, tAm cO nhiét do -34°C. Hé s6 trao doi
nhiét d6i luu 600 J/(m2.5.°C). Miéng thit c6 bé day 10
mm, do am 77%, hé s6 dan nhiét ctia miéng 1,6 J/m.s.°C.
Khoi lugng riéng 1090 kg/m3. Nhiét do bat dau lanh dong
miéng thit -2°C. Tinh thoi gian lanh dong miéng thit?
b. Néu miéng thit duoc bao gbi bén ngoai c6 bé day
1mm, hé s6 dan nhiét cua bao géi 12 0,06 J/m.s.°C. Tinh
thoi gian lanh dong miéng thit trong truong hop bao géi?
66



Bai tap:
Khoi cé phi I&é day 5 cm dugc dong lanh trong ti dong
dang tam (bang céach tiép XUc voi bé mit thiét bi lanh & ca
hai bén). Biét nhiét do tam kim loai -28°C. C4 c6 nhiét d6
bat dau dong bang 134 -5°C, khoi lugng riéng 14 1100
kg/m3, 36 am 70%, hé s6 dan nhiét 1,7 J/(m.s.K).
a. Tinh thoi gian lanh dong khoi ca?
b. Thoi gian lanh dong cta khoi ca phi 18 bao 1au néu
duoc bao goi bang hop carton. Do day carton 12 1,2 mm
va hé s6 dan nhiét 14 0,08 J/(m.s.K)?
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Bai tap lam thém

Mot san pham thuc pham hinh cau dugc déng lanh trong thiét bi air-
blast. Nhiét do san pham ban dau la 10°C va khong khi lanh 14 -15°C.
San pham c6 duong kinh 7 cm véi khéi luong riéng 1000 kg/m3, va hé
sO truyén nhiét d6i luu khdng khi (hé s6 cap nhiét) 1a 50 W/m2.K. Hé s6
dan nhiét cia san pham 1a 1,2 W/m.K, nhiét do bat dau dong bang la
-1,25°C, va nhiét thoat ra cho qua trinh két tinh nudc da ctia san pham
la 250 kJ/kg. Tinh toan thoi gian lanh dong bang cong thic Plank.
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Bai tap 1:

a) Thit vién c6 duong kinh 4 cm dugc 1am lanh bang hé thong khéng
khi v&i hé so truyén nhiét 1a 10 W/m2.K. Tinh thoi gian 1am lanh dong
thit vién theo céng thtrc Plank. Biét: nhiét d6 phong lanh 14 -40°C,
thit vién c6 do am 70%, nhiét do bat dau dong bang 1a -5°C. Khoi
lwong riéng thit 1a 1100 kg/m3, hé s6 dan nhiét 12 1,7 W/m.K. An
nhiét dong bang cua nudc la 333,22 kJ/Kkg.

b) Véi cac thong so nhu cau a, tinh thoi gian 1am lanh dong néu hé so
truyén nhiét & 1 W/m2.K va 100 W/m2.K?

¢) Vi cac thdng so nhu cau a, tinh thoi gian l1am lanh déng néu
duong Kinh thit vién la 1 cm?
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5. Gigi thiéu thiét bi va hé thong lanh dong
H¢é thong tiép xUc true tiep
- Té&c nhan lanh tiép xUc trwe tiép voi bé mat san pham

e N7
@Vﬂ??
33
S LY,
7

Refrigarant

- Tac nhan lanh:
+ Khong khi lanh di chuyén & trén bé mit san pham véi toc do cao
+ T4c nhan lanh dang 16ng c6 thé thay doi pha trong suét qua trinh
lanh dong 70



5. Gigi thiéu thiét bi va hé thong lanh dong

H¢é thong tiép XUc true tiép

- Hé thong lanh bang thoi gid (Air blast)
+ Sur dung khong khi nhigt d6 thap voi-
toc do cao tiep XUc tryuc tiep voi san pham
nhé (IQF) — thoi gian lanh dong ngan

lllllll

A H¢é thong lanh dong tang soi
(lanh déng nhanh) P TIONS 8 5 Hns
e R , - - Feed Exit
+ Lanh dong kiéu nhdng (immersion): > . .~

san pham nhdng chim trong tac nhan lanh
(N,, CO,, Freon) ¢ dang 1éng va su
chuyén doi pha xay ra

Liquified gas

Freazer convayor

H¢é thong lanh déng kiéu nhung1



5. Gigi thiéu thiét bi va hé thong lanh dong

H¢é thong tiép xUc trye tiép

H¢é thong lanh déng nhanh (1QF) sir dung tac nhan lanh dang léng 72



5. Gioi thiéu thiét bi va hé thong lanh dong
H¢é thong tiép xUc gian tiép
- Thuc pham dugc tiép xUc gian tiép véi chat 1am lanh théng qua
rao can
: Réro can: bé mit bao goi san pham, thanh phan cau trdc cua hé
thong lanh o

from outside
anvironmant

Foind

= v

J

Refrigarant




5. Gigi thiéu thiét bi va hé thong lanh dong

H¢ thong tiép xUc gian tiép
- Lanh dong ban moéng (Plate Freezers)
+ Rao can: ban mong (plate), bao bi

Prassure

!

Food

% Plate
o
Ty

+ Hoat dong gian doan, lién tuc .

+ Hiéu qua cao nhung han ché hinh dang
san pham

Prassure

N

Package
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5. Gioi thiéu thiét bi va hé thong lanh déng
H¢ thong tiep xUc gian tiep
- Lanh dong kiéu thoi gié (Air-blast Freezers)
+ R0 can: bao bi dong gdi san pham
+ Hoat dong gian doan, lién tuc




5. Gigi thiéu thiét bi va hé thong lanh dong
H¢é thong tiép xUc gian tiép
- Lanh dong tirng phan thue
pham l6ng (Freezers for
liquid Foods)
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6. Sw bién doi chat lwong san pham trong qua trinh lanh déng

Anh huéng ciia toc d6 lanh dong dén cau tric té bao thwe pham

- Su thay d6i cau tric té bao do sw phat trién cua tinh thé da.

- Su khac biét gitra kha népg khang chiu d6i vai su pha hily cua qua
trinh lanh dong gitra mo te bao dong vat va thuc vat.

+ Thit: cau tric soi mém mai hon — chi bj tach roi trong qua trinh
lanh dong ma khong bi dit, khong bi pha huy cau trdc qua mirc xay ra.
+ Rau ci, trai cay: cau trl]C?té bao kha cirng chiac hon— dé bi pha
hay do sy hinh thanh tinh thé da.

- Mitc d6 pha hity phu thuge vao kich thudc tinh thé da — toc do
truyén nhiét. 77



6. Sw bién doi chat lwong san pham trong qua trinh lanh déng
Anh huéng ciia toc d6 lanh dong dén cau tric té bao thwe pham




6. Sw bién doi chat lwong san pham trong qua trinh lanh déng
Anh huéng ciia toc d6 lanh dong dén cau tric té bao thwe pham
- Lanh dong cham: tinh ,thé da phat trién chu yéu & khoang khong
gian trong gian bao — bién dang, pha vo cac thanh té bao.
+ Tinh d4 c6 p,, thap hon cac vung bén trong t¢ — nudc di chuyen tir te
bao dé phat trién tinh theé.
+’Té’ bao mat nudc, muc do pha hily ting khi ndong do chat tan ting va
cau trdc bi bién dang, bop méo.
+ Tan gié:‘ té bao kh()ng ph}lC hoi lai dl}’Q’C hinh dang Vé‘khé néng,
truong phong ban dau — cau tric bi mém, cac thanh phan trong té bao

s& bi r0 ri ra ngoai tir chd v cua té bao (su mat dich- drip loss).
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6. Sw bién doi chat lwong san pham trong qua trinh lanh déng
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6. Sw bién doi chat lwong san pham trong qua trinh lanh déng
Anh huéng ciia toc d6 lanh dong dén cau tric té bao thwe pham
- Lanh déng nhanh: su hinh thanh tinh thé d4 co kich thuéc nhé hon
& ca té bao va khong gian trong gian bao — pha huy d6i véi té bao
xay ra khong dang ké.
- Toc @6 lanh dong rat cao: tao ra tmg suat (stress) cho mét so loai
thuc pham — md té bao bi phan cat dan dén pha huay tat ca cac thanh
phan té bdo — enzyme va co chat dugc két hop — phan tng enzyme
+ Thit: hoat dong enzyme protease — lam thay doi dic tinh cau trc,
tang su ri dich, kha ning gitt nude ctia thuc pham.
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6. Sw bién doi chat lwong san pham trong qua trinh lanh déng
Lanh dong dnh hwéng dén mau siac, mui vi va cac thanh phan dinh
duwong
- Dic tinh nhii hda c6 thé mat 6n dinh
- Su két tia protein tir dung dich chat tan lanh dong (sira)

- Su 1a0 hoa tinh bot
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6. Sw bién doi chat lwong san pham trong qua trinh lanh déng
Anh huéng toc do lanh dong dén gia tri cam quan dau xanh

Thoi gian yéu cau dé Tinh chat cam quan san Phwong thirc
nhiét do tam SP -20°C pham sau khi nau lanh dong

<30 phut Cau tric 6n dinh St dung N,
Mau sac va vi binh thuong long

30 phat — 2 gio Mat cau tric Tu dong c6 thoi
Mau sac va vi binh thuong gio

>12 gidy Mat cau trdc Ta dong khong

Mau sac va vi bi pha hay c6 thoi gid
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6. Sw bién doi chat lwong san pham trong qua trinh lanh déng

Lanh dong tac dong sw phat trién Vi sinh vat

- Mot s0 VSV ua lanh c6 thé phét trién ¢ nhiét do rat thap.

+ Vi khuan gram am: -4°C

+ Vi khuan gram duong; -7°C

+ Nam men va nAm moc ¢ thé phat trién o nhiét do: -10°C

- Trong qua tr‘lph lanh dong, mot lwong VSV sé€ bi tiéu diét do hinh
thanh tinh thé da (tuy vao tirng loai VSV).

- Néu lanh dong cham, VSV,Cé kha nang phéat trién va bi hu hong
trude Khi lanh dong hoan tat.

- Lam lanh cuc nhanh, VSV chuyén sang trang thai ngti dong



6. Sw bién doi chat lwong san pham trong qua trinh lanh déng
Lanh dong tac dong sw phat trién Vi sinh vat
Anh huwéng van toc 1am lanh dén ty 1é E. coli song sot

Van toc |[am lanh
(°C/ phut)

1
10
100
1000

Ty 1€ E. coli song sot
(% mat so ban dau)

30
65
18
75
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7. Biao quan thwe pham lanh dong
Bién doi hoa hoc
- CO0 2 anh huéng:
+ Nhiét do giam - tbc do phan trng hoa hoc cham lai
+ Hoat dong chat nén ting 1&n trong nuéc khdng dong bang = bién
doi nhanh hon
- Su bién tinh protein xay ra —
+ Thay d6i cau trdc
+ Kha nang gitt nude.
+ Thit c& ¢c6 cAu trdc trd nén dai hon
+ Thit d6 va thit gia cam tro nén ctimg hon
- Phéan (g oxy hoa chat béo xay ra — 6i hoa ctia cac hop chat lipid. g



7. Bao quan thuwe pham lanh dong
Bién doi hoa hoc
Thay d6i mau sac:
- Thit: mau do chuyén thanh mau nau (oxymyoglobin — metmyoglobin)
- Rau qua: bién doi ctia cac hop chat phenol va chlorophyll
v'Sic lap va luc lap bi pha huy.
v'Chlorophyll — pheophytine (mau nau).
v'Su thay doi pH — thay doi mau anthocyanine.
- MUi vi ctia thye pham giam.

- Giam ham lwong cac vitamin: vitamin tan trong nuée (viatmin C, acid
pantothetic) tai tién lanh dong. 87



7. Bao quan thuwe pham lanh dong

% chlorophyl

100 -
-23°7C
——_12°C

50 |- 1%
20 -7°C

20

10 | I 1 1 [ |
0 40 80 120

Théri gian bdo quan (ngay)
Hinh 10 Anh hwéng ciia thoi gian
bio quan dén sw duy tri
chlorophyll trong rau

Ty I¢ phan trion vitaondne C(%a)

100

754

504

254

0 100 200 200 400
Mgay tomn it ngay)

Hinh 11 Sw ton that vitamin C
theo thoi gian ton trir & nhiét do
khac nhau
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7. Bao quan thuwe pham lanh dong

Bang 9 Sy giam vitamin trong qua trinh bao quéan lanh dong

Product Loss (%) at —18°C during storage for 12 months
Vitamin Vitamin Vitamin Miacin Vitamin Pantothenmic Caroiene
C B, B, B, acid

Beans (green) 52 0-32 0 0 0-21 53 0-23
Peas 11 0-16 0-8 08 7 29 0—4
Beef steaks® 8 9 0 24 22 -
Pork chops” +—18 037 +-5 (-8 18 -
Fruit”

Mean 18 29 17 16 - - 37
Range (=50 066 =67 (-33 - - 0-78

+, apparent increase.
* Storage for 6 months.

® Mean results from apples, apricots, blueberries, cherries, orange juice concentrate (rediluted), peaches,
raspberries and strawberries; storage time not given.

Adapted from Burger (1982) and Fennema (1975b). 89



7. Bao quan thuwe pham lanh dong
Bién déi sinh hoa
Khi nhiét do giam, hoat tinh ctia enzyme s€ tang hoac giam tuy thudc
vao nong do cua chung trong moi truong.
- Rau qua:
+ polyphenoloxydase — gay phan trng hoa nau
+ enzyme oxy hoa lypid — 1am mat mau, mat mui va phan hiy carotene
- ?Sén,phém thit ca: enzyme thiy phf‘an protein va lipid hoat dong — thay
doi cau trdc, mui vi ctia san pham nau bao quan trong thoi gian dai
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7. Biao quan thwe pham lanh dong
TAc ddng cita lanh dong dén suw phat trién vi sinh vat

- Luong VSV sé bi tiéu diét & nhitng khu vuc ¢ su hinh thanh tinh

thé da.

- Sau tan gia cac VSV nay co thé hoi phuc lai.

- Sinh vat ki sinh gay bénh c6 thé bi tiéu diét trong diéu kién lanh.

- Nam men, ndm moc c6 thé phat trién ¢ nhiét do thap -10°C.

- Bao quan & nhiét d6 gan -10°C hay cao hon sy hu hong do vi sinh

vat van c0 thé xay ra.

- Kha ning sinh bao tir gay hu hong thuong phat trién khi nhiét do

tang trén -5°C — bao quan, tan gia thit.

- Viéc lanh dong va trir dong thuc phém & nhiét do thép hon -10°C. a1



Cau héi:

1) Theo em, lanh dong c4 fillet, cac diéu kién lanh dong nhu nhau,
nhiét do moi trudng lanh déng -18°C. Néu nhiét d6 mdi truong lanh
dong giam xudng -34°C thi thoi gian lanh dong ting hay giam? Vi
sao?

2) Thiét bi lanh dong ban mong 1a dang lanh déng truc tiép hay gian
tiép? Vi sao?

3) Cung loai dung dich, néu ting nong d6 dung dich thi nhiét do bat
dau dong biang ctia dung dich thay d6i nhu thé nao?

4) Qua trinh lanh dong cham va lanh doéng nhanh anh hudng dén cau

trdc té bao dong vat va thuc vat nhu thé nao?
92



7. Bao quan thuwe pham lanh dong
Sw bién doi vat ly
Sw tai két tinh
- Khi nhigt d6 tang nudc d4 tan chay. Su ket tinh lai khé xay ra voi
til:lh thé da co kich thudce I}hf). Khi nhiét do giam xudng, nudc s&
két tinh trd lai — sy mat am, pha hiy cau trdc san pham.
- Céc thanh phan hoa tan khéc trong thuc pham ¢ nong d thap —
bién thanh tinh thé.
+ Lactose & trong kem — dang cét (tinh thé) sau mot vai thang bao
quan.
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7. Bao quan thuwe pham lanh dong
Su bién d6i vat ly
Sw chay lanh (freezer burn): Sy mat nuéc dién ra va hinh thanh
m¢ duc trén bé mat san pham.
- L& nguyén nhan gay ra su thing hoa cua cac tinh thé da trén bé mit
san pham.
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7. Bao quan thuwe pham lanh dong
Su bién doi vat ly
Sw chay lanh (freezer burn):
- Khi &p suat hoi nudc cua da cao hon &p suat hoi ctiia khdong khi moi
truong — bé mat san pham bi mat nwée.
- Nguyén nhéan: nguyén liéu khong bao goi, nhiét 6 trong kho lanh
thuong thay doi
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7. Bao quan thuwe pham lanh dong

Vian dé khac

- Gia sUc vira méi giét mo, néu dem lanh déng & giai doan tién té
cting thi lugng am 16n s& bi mat di, su co co qua murc Va su mat kha
nang lién két nudce dién ra.

- Thit nghién & giai doan tién té cirng — wép muoi + lanh dong dé
giir lién két nude va thay doi diém dang dién cua thit xuong mirc pH
thap hon.
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8. On dinh san pham lanh déng

Lanh dong va ton trir dong thue pham & nhiét 40 dwéi diém T,

(nhiét do chuyen pha thiiy tinh) — Cac thanh phan trong thuc pham

s& duoc két tinh & trang thai thuy tinh, v dinh hinh — san pham duoc

bao quan ¢ diéu kién “siéu 6n dinh”

- Nhiét do bao quan -18°C: vi sinh vat gay hai bi kiém hdm hoat
dong, van co su hu hong chat lwong

- Nhiét do -18°C dén -40°C thuong mang lai su cai thién tot hon vé
mit chat lugng
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9. Tan gia thwe pham
Tan gia hay ra dong (thawing):
Qua trinh chuyén nuéc dang ¢ trang thai ran trong san pham dong
lanh sang trang thai 16éng ma van giir nguyén thudc tinh ban dau .

0

Temperature (°c)

—10

_20 Slow freezing

| 1 I l
0 30 G0 a0 120

Time (min}
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9. Tan gia thwe pham
Tan gia hay ra dong (thawing):
A-B: tang qhiét d6 san pham dong
lanh dén diém dong bang
B-C: chuyén dang ran dich bao

20

10

Temperature (‘c)
o

—10

sang dang long 20
C-D: sap xép lai ham am trong té 0 e 60 2
bao dé khong lam ton that dich Time (rin

bao.



9. Tan gia thwe pham
Anh hwéng ciia qua trinh tan gia dén su thay doi chat lwong
- K¥ thuat tan gia va su on dinh nhiét do trong qué trinh trit dong.

- Dich i s& hinh thanh cac hop chat dinh dudng cho hoat dong cua
enzyme va VSV.

- Thoi gian tan gia dai va gia ting nguy co nhiém VSV gay hu hong
va gay bénh.

100



9. Tan gia thwe pham
Anh hwéng ciia qua trinh tan gia dén su thay doi chat lwong
Sy phét trién vi sinh vat:
- Dicu kign VSV phét trién trong su6t qua trinh tan gia tot hon rat
nhiu so vai trong qua trinh lanh dong Vi:
+ Dich i ra (nuéc + chat dinh dudng)
+ Nhiét do mOl truong b@n ngoai tang nhanh hon, nhiét do tan gia
cham hon - nén co nhiéu thoi gian VSV phat trién.
- C0 thé su dung khong khi 5-7°C, khéng khi luu théng nhe
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9. Tan gia thwe pham
Anh hwéng ciia qua trinh tan gia dén su thay doi chat lwong
Ri dich (Drip loss):
- Phu thudc Va0 toc d§ lanh dong va on dinh nhiét do trong qua
trinh bao quan lanh dong

102



9. Tan gia thwe pham
Anh hwéng ciia qua trinh tan gia dén su thay doi chat lwong
- Lanh dong chim: sau tan gi4, té bao khong thé }(hﬁi phuc trang
thai ban dau, nudc chay ra ngoai va mang theo chat hoa tan.
- Lanh déng nhanh: khong ton that dich bao nhiéu khi tan gia.

LANH BONG TAN GIA Lanh ddng cham

Lanh déng nhanh

= & 2 £ 5 1 &
Cau tric 16 bao cbn nguyén ven Cau tric t& bao bi bien dang
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9. Tan gia thwe pham
Y&u cau cia k¥ thuat tan gia
- Ton thét dich bao: thap nhat. Rau: tan gid cang nhanh — dich bao
mat cang nhiéu — tan gia cham, thoi gian dai
- Ton that khdi lweng: it nhat.
+ To6n that dich bao — san pham hao hut khoi lugng
+ Boc hoi nudc va giam khéi luong.
- Pam bao Vé‘SinhZ cao nhat — tao moi truong vé sinh + tan gia
nhiét do thap ro1 nang dan lén dé giam bt anh hudng VSV, enzyme.
- Théi gian: ngan nhat.
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9. Tan gia thwe pham
Thiét bi tan gia
Qua trinh tan gia thwong dwoc thuce hién theo hai phwong phap:
Nhom 1: Nhiét dugc phat ra tir bén trong thuc pham (tir truong, Vi
song, dién tro)
Nhom 2: Nhiét dugc truyén dan tir bé mit vao tdm san pham (khong
khi 4m dumg yén hoic chuyén dong, nhiing hodc phun nudc hodc
ngung tu hoi nuéc 18n san pham).
Y&u cau:
- Tranh sy qua nhiét
- Thoi gian tan gi4 ngan nhat

- Tranh mat nudc quéa mitc ctia thuc pham 105



9. Tan gia thwe pham
Thiét bi tan gia

Str dung khong khi: nhiét d6 khdng khi 2-18°C (8-60h), d6 am
twong d6i khong khi cao dé giam mat khoi luong.

Str dung nwée: thoi gian ngan (1-3h), ngdm vao nudc & nhiét do
trén diém nong chay (melting point) cua thuc pham. Nudc thay doi
thuong Xuyén va duy tri & nhiét d6 cao dé han ché VSV phat trién.
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9. Tan gia thwe pham
Thiét bi tan gia
- Sir dung ngung tu hoi nwée dudi didu kién chan khéng:

Pump exhaust | ovstion

Pump water supply - -

Liguid ring
pump

Clesning in
place system

Po0f “ Product trolloy




9. Tan gia thwe pham
Thiét bi tan gia
- Str dung Vvi song:
+ Phét ra song dién tir duoc hap thu bén trong thuc pham > phuong
phap ra dong nhanh.
+ Giam thoi gian ché bién nhung khdng anh huéng dén chat luong
thuc pham
+ Phu thl}éc vao yég t6: tinh chat nhiét, khéng dong nhat hinh dang,
thanh phan thuc pham (liquid, ice).
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9. Tan gia thwe pham
Thiét bi tan gia
- Str dung Vvi song:
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