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TOM TAT

Bai bao nay trinh bay két qua nghién ciu mdi quan hé giita cac thong S6 cong nghé cua
qud trinh Say la dap ca (VLS) theo nguyén ly say bom nhiét. Cdc thong s6 nhw nhiét do buong
Say, van téc tac nhdn say (TNS) va thoi gian sdy dnh hu’ong tryc tiép dén cdc yéu té nhu mau
Sac, mui vi, ham luong st’O‘C chdt ¢6 trong san pham ddp cd sdy. Thic nghiém duwroc tlen hanh
trong day nhiét dé tir 35 °C dén 55 °C, vdn téc TNS tir 1 m/s dén 1,6 m/s, thoi gian sdy tir 6
deén 12 gio. Qud trinh thuc nghlem da tim ra dweoC théng sé cong ngh¢ sdy phii hop cho ld dcip
cd nhu sau: tai nhiét do Say 45°C, vdn téc TNS 1,6m/s, thoi gian say la 8 glo VLS c6 do am
dau wy: 704, do am yéu cau Wy: 6%. Voi cac thong s6 nay, san pham Say co mau xanh gan
nhu ban dau, it bién dang. Ham lwong flavonoid trong ld ddp cd sau khi sdy la: 5,65 % wiw,
khuan E.Coli khong phat hi¢n, dat tiéu chuan vi sinh Bg Y Té Dién nang tiéu thu: 1,7 KWh/kg
VLS, téc do tach am riéng phan (SMER): 0,96 kg/kWh, h¢ s6 COPypp: 4,8. Ket qua trén cho
thdy mdy say HPD lam viéc on dinh, cho ra san phdm la dép cd sdy dat yéu cau, cé thé img
dung vao san xuat.

Tir khéa: Sdy bom nhiét; hé thong sdy nhiét do thap; cdy ddp cd, do am; flavonoid.
ABSTRACT

The study aims to determine the relationship of technical parameters for drying
Houttuynia Cordata by heat pump drying system (HPD). Parameters such as drying -
chamber temperature, drying - air velocity and drying - time to influence color, scent, and the
content of pharmaceutical substances in dried Houttuynia Cordata. An experiment was
conducted in the temperature range from 35 °C to 55 °C, drying- air velocity from 1 m/s to 1.6
m/s, The experimental processes showed that a suitable drying mode for Houttuynia Cordata
was found. With an input moisture content of Houttuynia Cordata w;: 70%, the final moisture
content w,: 6%: temperature chamber at 45 °C, drying-air velocity: 1.6 m/s, drying - time: 8
hours. When drying in this mode, the color of the product is green, less distorted. Flavonoid
content in dried Houttuynia Cordata : 5.65%, E.Coli bacteria do not appear. Power
consumption (SEC): 1.7 kWh/kg , specific moisture extraction rate (SMER): 0.96 kg/kWh, the
COPypp : 4.8. The above results showed that the HPD works stably, dryed - Houttuynia
Cordata is satisfactory, and this HPD system with its drying mode can be applied to
production.

Keywords: Heat pump drying; Houttuynia Cordata; low-temperature system drying; air
humidity; flavonoid.

1. PAT VAN PE Ngoai viée tiéu thy dang thuc phdm tuoi séng,
rau cu ¢ nude ta con duoc tiéu thu dang ché
bién: sy kho, sdy déo, gia vi [2]. Rau siy kho
1a gia vi dugc dung phd bién trong cac thuc

Theo tai liéu [1], san lwong cdy hoa mau
cua Viét Nam dat trén 144,6 nghin tan, trqng
dé san luong rau dat trén 67.8 nghin tan.
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pham ché bién sin (thuc n nhanh) nhu: phd,
mién, bin, chio va mi an lién. O Viét Nam,
ciy dip ca 1a loai rau c6 san luong trdng trot
kha 16n tai cac ving Pong Bing Séng Cuu
Long, Nam Trung B va Tay Nam Bo. Dap ca
c6 dic diém: 1a mau xanh luc, hinh tim, dau 14
hoi nhon moc so le, khi vo ra ¢6 mui tanh cua
ca, than mau tim d6. Phan 14 c6 flavonoid,
protid, glucid, Cellulose, Vitamin C, tinh
dau, ... [3], [4]. Cay dap ca rat dugc ua thich
trén thi truong dé an twoi nhu rau hoic ding
dang sdy kho, bot.

Hién nay, c6 mot s6 san pham ché bién
tir cdy dap ca nhu: tra tai loc dip ca-kho qua,
cac vién thyc pham chirc nang hoic thudce tri
bénh da c6 mat trén thi truong Viét Nam. [5],

[6], [7]

Céac may siy cay thao dugc hién nay chu
yéu 1a siy bang khong khi néng, thong
thuong giam dugc chi phi nang lugng. Tuy
nhién, san pham sau khi siy ton that 16n vé
thanh phan dinh dudng, lam chit lwong san
pham giam, d6i khi con rat it gia tri sir dung.

Véi nhitng dac diém néu trén, nghién
clru nay da tién hanh thuc nghiém céac ché do
sdy dap c4 khac nhau trén hé théng may sy
bom nhiét nham tim ra ché do Say cay dap ca
phu hop , nham nang cao Chat lugng san
pham , dip ca sau siy dat yéu cau vé sinh an
toan thuc pham muc tiéu hao dién nang, gia
thanh san pham hop 1y, c6 thé tng dung vao
thuc tién san xuat nham dap ung nhu cau thi
truong trong nudc hién nay, hodc huéng dén
Xuét khau.

2. COSOLYTHUYET

2.1. Phwong phap tinh toan thiét ké xay
dwng hé thong bom nhiét
2.1.1. Tinh todn cin bang vat chit
DO 4m ban dau (wy) va do am tic thoi
(w;), cua la dap ca dugc tinh theo cong thuc
(1) va(2) [8].
w, =M~ M2 10006 (%) 1)

1

w, =100

m,(100-w,)
(%) @

T‘rong dg’): mi, My \{é m; 1a 1’<h6i lugng ban
dau, khoi luong cudi va khoi lugng & thoi
diém i cua dap ca.
2.1.2. Tinh toan can b@'lng nang lwong

«* Tinh toan chu trinh

Chon mdi chét lanh R22, nhiét d6 méi
truong lam mat chon ty = 350C, nhiét do
khong khi sau dan bay hoi chon ts, = 20°C.

Logp

Py

1/
/4 |

L L I,

Hinh 1. D6 thi log p - i cia chu trinh lam viéc.
Bang 1. Bang thong 6 trang thdi tai cac

diem nut.
2 , T, v, I,
piém | > | ol dmkg | Kilkg
1 | 68 | 10 | 3466 | 4084
2 | 194 | 665 | 1322 | 4344
3 | 194 | 50 | 0024 | 2631
4 | 68 | 10 | 9600 | 2631

+% Tinh cong suit thiét bi bay hoi, ngung
tu ciia bom nhiét [ 9], [10], [11]

Cong suat thiét bi ngung tu caa bom nhiét:

Qu =2, W ®3)
k

Cong suat dan bay hoi ctia bom nhiét;

Qo =2, W (4)

Cong suat may nén:

Nae=1,3.Net, W (5)

% Tinh cong suit dong co quat budng say
[12], [13]

Ton that ap suat do ma sat 1én bé mat vat liéu:

lpco

AP = A3 , N/m? (6)
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Tro lyc qua dan bay hoi:

v?2 2
APl = E.p1.7.Z2 y N/m (7)
Tro lyc qua dan ngung tu:

AP, = &. pz

Tro lyc qua cac cut:

22 , N/m? (8)

Vo? 2
APy = 4.8cp1- Prac-——» N/m )

Tré luc qua ludi phén bd TNS:

AP, = 2.Ehy. prac-—, N/m? (10)
Tong tré luc cuc bo: AP
APy + AP, + AP5 + AP4, N/m? (11)
Téng tré lyc cua hé thong
AP = APy + APy (12)
Cong suat quat budng say:

0= % (13)
Cong sut lap dat dong co quat:
Nge = —2 (14)

Ned

Trong d6: K 12 hé s6 an toan; 1y 14 hidu suat

truyén dong truc tiép; ng 1a hiéu suat caa quat.

3. THIET LAP HE THONG THi
NGHIEM

3.1. M ta hé thong thi nghiém

Vong tudn hoan (1,2,3,1) 1a chu ky tuan
hoan ciia TNS 1a khong khi, Vong tuan hoan
(2,4,5,3,6,7,2) 1a chu trinh nhiét dong cua
moi chit lanh trong hé théng bom nhiét.
(Hinh 2)

S4y bom nhiét c6 TNS & nhiét do thap.
TNS tir budng sdy dugc quat hit cudng birc
dua vao thiét bj bay hoi (2) dé trao doi nhiét,
TNS duoc lam lanh dudi nhiét @6 dong
swong, am S& ngung tu va tach ra khoi TNS.
TNS tiép tuc dugc quat dua vao thiét bi
ngung tu (3), tai day, TNS duoc gia nhiét den
nhiét do Say yéu cu va cap vao budng siy
(1). Tai budng siy, 4m caa VLS thoat vao
TNS do chénh léch ap suat hoi nudc, nhiét
do cua VLS va TNS. D06 chtra hoi cua TNS

ting 1én va dugc quat hoi luu v& thiét b bay
hoi d€ chu trinh lap ‘Iai lién tuc cho dén khi
d6 am VLS dat yéu cau.

Nang suét cua may say HPD: G; = 5
kg/me, do am ban dau cua VLS: wy = 70%.
b6 am yéu cau cia VLS: w, = 6 % [14].
Thoi gian say: T = 6h dén 12h [15] Nhiét 46
TNS: 35 °C dén 55 °C, téc do TNS tir 1 m/s
dén 1,6 m/s [16]

e

Hinh 2. Nguyén 1y say bom nhiét.

5 —

Hinh 3. Bang vé mady sdy

3.2. Phwong phap thi nghiém
3.2.1.Quy trinh sy la dip ca
Dép ca duoc san xuat theo quy trinh sau:

La twoi > Loai bé la ung/héng >
Lam sach > D¢ rdo > Lam khé/Say >
Thanh pham.
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Céac dung cu nhu khay siy, budng siy
phai duoc 1am sach va dé kho rao truéc khi
thuc hién thi nghiém dé bao dam vé sinh cho
VLS.

Ngudi tryc tiép thao tac, tiép xuc véi
VLS, khay siy, can trang bi va st dung bao
ho lao dong, bao tay dung cach dé bao dam
an toan va tranh lam nhiém khuan qua lai
gitra nguoi va VLS.

Hinh 4. Lé dép cé chudn b sdy
3.2.2.Thiét bi do xc dinh van toc, nhiét do
cia TNS va khoi lugng 14 dap ca
trong qua trinh say

~ Van téc TNS duge xac dinh bang luu tdc
ké Lutron AM-4205TNS véi khoang do 0,4-
25 m/s, 6 chinh xac 0,1 m/s.

Nhiét do TNS duoc do va diéu khién
bing cam bién nhiét d6 va bo diéu khién
nhiét 6 Ewelly EW-181H véi d6 chinh xac
+1°C.

Khéi lugng cua la dap ca duoc do bang
can dong ho Nhon Hoa véi thang do nho
nhat 2g.

3.2.3.Phwong phap xac dinh ham lweng
flavonoid cia la dap ca sau khi say

Ham lugng flavonoid cua 1a dap ca dugc
xac dinh bang phuong phap USP-38 (hé
théng dugc dién cia My). Tong s6 vi khuan
E.coli trong dap ca duoc dinh lugng theo tiéu
chuan TCVN 6846:2007, théng tu s
05/2012/TT-BYT cua Bo Y té. Cac chi tidu
nay dugc phan tich tai Vién Nghién Ctu
Cong Ngh¢ Sinh Hoc va Moi Truong - Dai
hoc Nong Lam TPHCM.

3.2.4.Tién hanh thi nghiém

Qua trinh thi nghiém dwoc tién hanh tai
Bo mon Nhiét, khoa Co Khi,D(f)[lg Luc — BH
Su pham Ky thuat Thanh pho H6 Chi Minh.

Déi voi cay thao dugc, nhiét do siy nén
& muc 40 °C — 65 °C va van téc siy nén nim
trong khoang tir 0,8 - 2m/s [16], [19], [20].
Trong qué trinh thi nghiém nay, 14 dip ca
duoc sdy ¢ nhiéu mac nhiét d6 khac nhau 35
9C @én 55 °C. Trong do6, ba méc nhiét do cho
ra két qua dang quan tam 1a 40 °C, 45 °C va
50 °C; van tbc TNS duoc cai dat bamac v =
1; 1,3 va 1,6 m/s [21], [22], [23]. Trong qua
trlnh sdy, khéi luong 14 dugc cén moi 1 gio
nham xac dinh am d6. Khi 1a dap ca dat do
am 6% thi dimg may.

4. KET QUA VA THAO LUAN

4.1. Anh hwéng ciaa ché dp say dén do am
VLS

80
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Hinh 5. Qua trinh giam am ciia ld dap cd khi
say o nhi¢t do 40 °C,v=1; 1,3 va 1,6 m/s.

Tir biéu d6 (Hinh 5) qua trinh giam am
cia VLS theo thoi gian va nhiét d§ cho thay
V6i van toc TNS v = 1 m/s, tc do giam 4m
trung binh cua 1a dp ca 1a 5,37%/h, thoi gian
sdy 12 gio. Vi van tbe TNS v = 1,3 m/s, toc
d6 giam am trung binh 5,83%/h, thoi gian
sdy 1a 11 gid; Khi van toc TNS v = 1,6 m/s,
téc do giam 4m trung binh 6,47%/h, thoi gian
sdy 1a 10 gid. Tir biéu d6 cho thay tai nhiét
d6 40 °C, thoi gian sdy dai nhét khi vén téc
TNS thap nhat.
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Hinh 6. Qud trinh §idm am ciia ld ddp cd khi
say o nhi¢t do 45 "C,v=1; 1,3 va 1,6 m/s.

Tir biéu @6 (Hinh 6) qué trinh giam am
cua VLS theo thoi gian va nhiét do cho thay:
Véi van téc TNS v = 1m/s, thoi gian siy 1a
10 gio, téc d6 giam am trung binh 6,43%/h.
Véi van toc TNS v = 1,3m/s, thoi gian sy 1a
9 gio, toc d6 giam 4m trung binh 7,09%/h.
Khi van téc TNS v = 1,6m/s thoi gian sy
ngan nhat 8 gio, téc do giam am trung binh
7,91%/h. O ché do sdy t = 45 °C thoi gian siy
giam khi van téc TNS siy tang. Thoi gian
sdy giam 1 gio khi van téc TNS tang tir 1m/s
1én 1,3m/s va thoi gian sdy giam 2h khi van
tbc TNS tang tir Im/s 1én 1,6m/s.

80 -
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Hinh 7. Qu trinh giam am cia la dap cd khi
sdy ¢ nhiét dg 50 °C,v=1; 1,3 va 1,6 m/s.

Tir biéu d6 qua trinh giam am cta VLS
theo thoi gian va nhiét d6 (Hinh 7), két qua
cho thay: Véi van tdc tic nhan say v =1 m/s,
tbc do giam am trung binh cua 14 dap ca la
7,97%/h, thoi gian sdy 8 gid. Véi van toc
TNS v = 1,3 m/s, téc do giam am trung binh
9,07%/h, thoi gian séy la 7 gio; Khi van tbc
TNS v = 1,6 m/s, toc do giam am trung binh
10,69 %/h, thoi gian sdy 1a 6 gio. Tir két qua
cac biéu d hinh 7,8.9 cho thay: thoi gian siy
giam xuéng tdi da khi van toc va nhiét do
TNS cang tang Ién.

| =

Hinh 8. Ld ddp cd sdy ¢ 40 °C, vén toc TNS
v=16m/s

La dép ca sau khi sdy ¢ nhiét d6 nay c6

hién tuong ngd mau sam nau, sdc xanh con

lai rat it, d6 bién dang, co quip kh4 nhiéu,

mui huong dt trung giam nhiéu.

Hinh 9. Ld dap cd sdy 6 45 °C, van téc TNS
v=16m/s
L4 dép c4 sau khi siy ¢ 45 °C c6 mau
sac gan tuong dong so voi 14 tuoi, mui huong
rat dat trung, d6 bién dang cua 14 it.

Hinh 10. La dép cd sdy ¢ 50 °C

Danh gia tong quat chat lugng san pham
sdy vé mit cam quan cho thdy, tai nhiét do 40
OC san pham siy c6 mau ng den va it mui dic
trung ctia dap c4, tai nhiét do 45 °C thi dép ca
c6 mau xanh gan nhu 14 tuoi ban dau va c6
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mui rat dac trung, con ¢ nhiét do 50 OC san
pham sau sy c6 mau ngd vang, bién dang co
quép nhiéu va mui dic trung cua 14 giam.

4.2. Anh hwéng thoi gian sdy, toc do va
nhi¢t d¢ tiac nhan say den ham luwgng
flavonoid

Bang 2 trinh bay két qua xét nghiém vé
ham luong flavonoid va E.Coli cua cac mau
dap ca say bang cac phuong phap khac nhau:
phoi nang, dap ca da say kho mua trén thi

truong, siy bang mé hinh may siy bom nhiét.

Bdang 2. Két qua xét nghiém E.Coli, Flavonoid.

Loai miu E.Coli | Flavonoid
. CFU/g | % w/w
L4 dép cé tuoi 4,7x10° | 6,58
La dap ca phoi ning 4,6x10° | 2,84
La dip ca thi truong 1,3x10° | 2,71
Ladipca40°C,1m/s | 24x10%| 3,57
Ladap ca40°C,1,3m/s | 6x10" 3,95
Ladapca40°C,1,6m/s | KPH 4,96
La dap ca 45 °C, 1 m/s KPH 3,78
Ladapca45°C,1,3m/s | KPH 413
Ladapca45°C,1,6mis | KPH 5,65
La dap ca 50 °C, 1 m/s KPH 3,42
Ladip ca50°C,1,3m/s | KPH 3,13
Ladapcas50°C,1,6m/s | KPH 2,96

5. KET LUAN

Mot mo hinh may siy 14 dap ca theo
nguyén 1y bom nhiét, ning suat 5 kg VLS da
dugc nghién ctiu ché tao thanh cong, két qua
Clia qua trinh thi nghiém bang may siy bom
nhiét nay di tim ra duoc cac thong sd cong
nghé sdy dap ca phu hop nhét 1a: Nhiét do

TNS: 45°C, van téc TNS: 1,6m/s, thoi gian
sdy: 8 gio. Vei ché do siy nay, chat luong
cua la sy duoc néng cao hon han so Voi say
bang phuong phap phoi ning, mua ngiu
nhién trén thi trudng ciing nhu sy bang
khong khi nong. Mau sic, mui huong dit
trung cua dap ca sau sy duoc bao ton & mic
toi da.

Ham lugng flavonoid khi sdy bang mé
hinh may sy bom nhiét nay & ché do sy cu
thé vira néu dat gia tri cao nhat 5,65% (w/w),
dat tiéu chuan vé khuin E.Coli theo thong tu
05/2012/TT-BYT ban hanh vé Quy chuan ky
thuat qudc gia ddi voi 6 nhiém vi sinh vat
trong thuc pham (< 2.10? CFU/g.) [24]

Viéc chit luong 14 dip ca sau khi sdy
dugc nang cao khi sdy bang may siy bom
nhiét nay co thé 1y giai trén cac co s¢ khoa
hoc nhu sau: Do mdi truong budng say la
dép ca duoc khep kin, s€ han ché t6i da viéc
dap ca bi nhiém bui, vi khuan co6 hai so Voi
tlep xuc truc tlep V&1 moi trudng ngoai trol
klem soat duoc chinh x4c gia tri cac thong s6
vé nhiét do tac dong 1én VLS , van tbc TNS
va thoi gian VLS luu lai trong budng say.
LO1 CAM ON

Tac gia chan thanh cam on B Mon
Cong Nghé Nhiét — DPién Lanh - Khoa Co
Khi Bong Luc truong Dai Hoc Su Pham Ky
Thuat Thanh Phé H6 Chi Minh d3 tao diéu
kién dé tac gia hoan thanh nghién ctru nay,
Vién Nghién Ctru Cong Nghé Sinh Hoc &
Moi Truong — Pai Hoc Nong Lam TP HCM
vé viéc phan tich cac mau siy. Pong thoi
cam on quy dong nghiép da hd tro tich cuc
trong qua trinh thuc hién nghién ctu.
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