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Tém tit. Anh hudng cua nhiét do sdy 1én dong hoc sdy sam duong quy duoc nghién ctru bang phuong
phap thuc nghiém say d6i luu, trong d6 tac nhan say 1 khong khi da dugc gia nhiét. Két qua cho thiy duong
cong sdy phil hop véi cac moé hinh toan cia Wang & Singh va mé hinh Logarithmic mé ta dong hoc qua
trinh sdy. Hé s6 khuéch tan 4m hiéu dung co6 gia tri lan luot 12 4,56.107"!, 6,85.107!! va 9,13.107"" m?/s
tuong (mg v&i cac mirc nhiét d say 40, 50 va 60°C. Gia tri ning luong hoat hoa ciia cac lat cat saim dwong
quy ciing duoc xac dinh la 30,1 kJ/mol dya theo phuong trinh Arrhenius.

Tir khéa. Sam duong quy, sdy ddi luu, dong hoc siy, hé s6 khuéch tan am hiéu dung

1 GIOI THIEU

Duong quy (Angelica sinensis) la loai thao dugc phd bién trong y hoc truyén thong phuong Dong. Sam
duong quy chia nhiéu loai axit hiru co, tinh diu, polysaccharides c6 hoat tinh chéng oxy hoa, chong viém
va diéu hoa mién dich [1]. Ngay nay, thuc phdm chtrc ning tir duong quy duoc sur dung rong rai bd sung
vao ché do dinh dudng ‘hang ngay [2]. Tuy nhién, ham lugng am cao trong duong quy tuoi la mot trong
nhing diéu kién thiic ddy su ting cuong cua phan timg enzyme va phi enzyme, lam giam chit lvong cam
quan, gid trinh dinh dudng, dugc tinh va gia tri thwong mai cua san pham [3]. Vi vay, viéc st dung san
pham dwong quy say kho 1a mot trong nhung phuong an nham dam bao ngudn cung cdp sam chat lugng
cao cho tiéu ding va san Xuét.

Séy la mot trong s6 cac phuong phap thong dung gitip bao quan thue pham va duoc phdm. Sam duong
quy dugc sdy voi nhiéu phuong phap khac nhau, pho bién nhu sdy ¢ nhiét do khong khi méi truong, siy
bang khong khi duoc gia nhiét, sy vi song, va sy trong moi truong chan khong. Mdi phuong phap c6
nhing vu diém va han ché nhat dinh. Phuong phép sdy bing khong khi duoc gia nhiét 1a phuong phap dugc
sir dung rong rii nhat hién nay, do cac thiét bi gia nhiét khong khi don gian hon. Trong khi dé viéc nghién
ctru dong hoc ctia qua trinh siy 1a cong cu hitu ich trong kiém soat va toi wu hoa quy trinh siy dat hiéu qua
cao [4].

Nghién ctru trinh bay trong bai bao nay hudéng dén muc tiéu xac dinh anh hudng cua nhiét do sy dén
thoi gian séy, tbc do siy, hé sb khuéch tan am hiéu dung va nang luong hoat hoa cua qua trinh sdy sam
duong quy bang phuong phap say khdng khi néng, nham xay dung co so cho viée nghién ctru chuyen sau
v€ qua trinh sdy sdm dwong quy noi riéng, cling nhu cac loai vat liéu dung lam duoc pham no6i chung.
Nghién ctru nay ciing danh gia sy phu hop cta cac m6 hinh toan hoc mo ta qua trinh sdy sam duong quy,
ddng thoi thuce hién tinh todn h¢ so khuéch tan 4m hiéu dung va nang luong hoat hoa cia mau say, tir d6
1am co s& cho cac nghién ctru tiép theo bang cac phuwong phap sy sim duong quy khac nhau.

2 VAT LIEU VA PHUONG PHAP
2.1 Vit ligu siy

Sam duong quy c6 ngudn gdc tir Pa Lat, dugc van chuyén vé Thanh phd Ho Chi Minh. Tai phong thi
nghiém sdm duong quy duge dong goi can than va béao quan trong ngan mat ti lanh ¢ nhiét 2 — 4°C. Sam
trude khi 1am thi nghlem s& duoc kiém tra ky cang, rua bang nude sach, cac ré nho va dat cat s& dugc loai
bo. Sau d6 sur dung giay thim dé dé lam kho bé mit sam sau khi rira. Sam dwong quy sau khi dugc v¢ sinh
sach s& s€ duoc cat bang mot khudn cat véi d6 day 3 mm. Khi khudn duoc dép xudng san pham s& chia déu

thanh nhirng miéng mong c6 do day bang nhau. Do 4m ban dau cia sim duoc xac dinh bang can phan tich
am Kern (DAB 100-3, Germany).

2.2 Thiét bi va thiét ké thi nghiém
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Thyc nghiém dugce tlen hanh véi ta siy BINDER (Binder, FD 260, Tuttlingen, Germany, 2022). Kich
thudc tong thé cua tii sdy 962 x 813 mm. Khdng khi duoc gia nhiét bang dién trd va nhiét do buong sdy
dugc lya chon ¢ ba mirc 40°C, 50°C, 60°C, duoc diéu chinh ty dong théng qua th1et bi diéu khién tich hop
trong ti sdy va dugc theo doi bang dong hod do nhiét do. Sam dwong quy duoc xép déu mot 16p trén khay,
khéi lugng mbi me sdy khoang 50 g, mat d6 bd tri sim duong quy trén khay dat 2 kg/m Sy thay d01 khoi
luong vat liéu sdy dugc ghi nhan 30 phut/lan cho dén khi Vat lidu sdy dat dén d6 4m yéu cau (do am yéu
cau < 14% theo QCVN 17:2015:BYT d6i v6i sam cit lat say kho) [5]. Khéi lugng vay lidu say duogc xac
dinh bang can phén tich Kern (ADB 200-4, Germany). b6 am cua sdm duong quy dugc do bang thiét bi
phan tich d6 a a4m KERN ma hiéu DAB 100-3 v6i do chinh x4c cua cua khdi luwgng/ do a am 14 0,001 g/ 0,01%.
Thi nghiém lap lai 3 1dn & mdi diéu kién say.

2.3 P9 am khong thir nguyén
D06 am khong thir nguyén (Moisture ratio - MR) duogc tinh toan theo phuong trinh (1) [5]:
MR ZM (1)
MO - Me
Trong do:
M. 1a 6 4m ctia sim dwong quy tai thoi diém sdy 7 (g am/g VLK)
Mo 1a 6 4m ban dau cta sim dwong quy (g 4m/g VLK)
Me |2 d6 4m cén bang cua sim duong quy (g am/g VLK)

Gia tri cia Me thuong nhé hon nhiéu so véi gia tri cia M, hoic Mo [6]. Do dé, ty 18 4m c6 thé dugce rit

gon:

MR = M, (2)
M,
2.4 Toc 9 siy
Téc @6 siy ciia sim dwong quy duoc tinh toan theo phwong trinh (3) [7]:
DR zMrl_MrZ (3)
Hh—1h
Trong do:

Ma, M2 (g am/g VLK) Ia do 4m cua sam duong quy tai thoi diém sy tuong img 71 va »
71 VA 72 biéu thi thoi gian say (h)

2.5 M6 hinh toan hoc

Sy thay dbi gia trj ty 18 4m c6 thé duoc mo ta bang cac md hinh toan hoc. Dya trén gia tri thuc nghiém
thu dugc, lya chon ndm mo hinh toan hoc d€ mé ta qua trinh say sdm duong quy, dugc trinh bay trong Bang
1 [4].

~ Mtrc d6 phu hop cua m6 hinh thue nghiém dugc danh gia thong qua gia tri hé s6 twrong quan (R?), va
tong sai sO binh phuong (SSE), dugc xac dinh theo cac cong thirc sau:

2
) (ZMexlemod,ij
R? =

Z:Mezxpl szod i

(4)

SSE :Z(MRmodl MRexpl) (5)
i=1
V6i: MRexg,i, MRiodi 1 ty 18 do am tuong (mg theo thyc nghiém va theo md hinh.
n 1a so lan quan sat.

Bang 1: Cac md hinh toan hoc mo ta dudng cong siy

STT M6 hinh Cong thirc toan hoc
1 Newton MR = exp(-kr)
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2 Henderson and Pabis MR = a.exp(-kr)

3 Wang and Singh MR =1 + at+ bt?

4 Two-term model MR = a.exp(-kit) +b.exp(-kat)
5 Logarithmic MR =a.exp(-kt) + b

2.6 H¢ s6 khuéch tan 4m hiéu dung va ning lrgng hoat hoa
He¢ s6 khuéch tan am hiéu dung (Der) duge mé ta thong qua dinh luat Fick II [4]:

S v[o, )] ®)

Phuong trinh duoc tinh toan bang cach tinh phén tich cho tim v6 han:
M, -M 8 Dy 7
MR=—*——¢=—exp| —-7°—

M, =M, ()

Trong do:
Dert 12 hé s6 khuéch tan 4m hiéu dung (m?/s),
L 12 1/2 do day cua lat cit sam duong quy (m),
r1a thoi gian say (s).
Hé sb khuéch tan 4m hiéu dung dugc tinh toan tir d6 dbc cua mot duong théng béng cach vé dir liéu séy
thue nghiém theo In(MR) so véi thoi gian sdy.
MJ4i lién hé giira Derr VA nhiét d6 duoc biéu dién theo phuong trinh Arrhenius [6]:

E
o, ~0yo0| -5 .

Trong do:
Do l4 14 thira s6 Arrhenius (thira s6 truée ham mii, Do twong dwong v6i hé sé khuéeh tan am &
nhiét do cao vo han) (m?/s)
E. 12 nang lugng hoat hoa (kJ/mol)
R 14 hang s6 khi 1y tuong (8,314 kd/mol K)
T 14 nhiét d6 tuyét dbi (K)

3 KET QUA VA THAO LUAN

3.1 Puong cong siy

Puong cong siy sdm duong quy thé hién thong qua sy bién thién cua gia tri thuc nghiém cua ty 16 4m
so v6i thoi gian sdy dugce trinh bay ¢ Hinh 1.

C6 thé thay, nhiét do siy c6 tac dong 16 rang dén thoi gian siy, va su tang nhiét do siy dan dén sy giam
tuong tmg thoi gian sdy dén khi d6 4m yéu cu dé bao quan san phdm sim. Cu thé & nhiét d6 siy ting dan
1a 40, 50, 60 °C, thoi gian siy giam twong tng 1a 330, 210 va 180 phut. Téc d6 truyén nhiét gitra khong khi
nong va vat li¢u cao hon ¢ nhi¢t do cao hon, dan dén d6 am béc hoi nhanh hon va thoi gian sdy ngan hon.
Céc két qua tuong tu vé anh huong ciia nhiét do dén thoi gian sdy bang phuong phap say bang khong khi
nong dbi véi cac san pham khac nhu tao cat 1at [4], kiwi cét 14t ciing dd dugc cong bo [8].
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Hinh 1: Puong cong siy ciia sim duong quy bang khong khi néng
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Sy thay ddi toc do siy theo do am co so kho cua sdm duong quy duoc thé hi¢n ¢ Hinh 2. Téc do séy
giam lién tuc khi ham luong & am giam hay tuong ng voi su tang cua thoi gian sdy. Ngoal ra, co the thay
rang toc d0 say tang khi nhiét do budng say ting. O cling mot giatridoa am trong vt lidu, toc do say co gia
tri 16n hon khi nhiét d6 say cao hon. Hién tugng nay lién quan dén mdi lién hé gitra nhiét d6 va d6 am tuong
dbi cua khong khi duoc gia nhiét [9].
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Hinh 2: Sy thay d6i toc do sdy theo d6 am vat liéu sdy

Dt li¢u trén Hinh 1 cling cho thay phan 16n am giam trong giai doan dang tc, chimg to rang khuéch tan
1a co ché vat 1y chinh kiém soat qua trinh dich chuyén 4m cua vat liéu sdy trong qua trinh say. Trong giai
doan giam tdc, qua trinh di chuyén nude tir bén trong ra bé mit san pham duogc kiém soat bang sy khuéch
tan phan tir, trong d6 nude di chuyén dya tir viing c¢6 d6 4m cao hon sang ving c6 gia tri thap hon [4, 10].

3.2 M@ hinh toan hoc

Puong cong biéu thi su thay ddi cia ty 18 am theo thoi gian sdy cua sam duong quy cit lat duge mo ta
bang cac mo hinh toan hoc thé hién ¢ Hinh 3.
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Hinh 3: M5 hinh toan hoc mé ta qué trinh say sim duong quy

Céc hang sb ciia md hinh va chi sb so sanh sy pht hop cia mé hinh véi gia trj thuc nghiém dugc trinh
bay ¢ Bang 2. Gia tri SSE cang thap biéu hién sy phu hop t6t hon giita mé hinh véi dir liéu thyc nghiém.
C6 thé thay md hinh Wang & Singh 1a mé hinh t6t nhat mo ta qua trinh siy kho sam duong quy, tiép theo
1a m6 hinh 1a m6 hinh Logarithmic. Cac két qua twong ty da dugc bao cdo vé kha ning ap dung mé hinh
Logarithmic dé mo phong cac duong cong sy kho ciia ba tao sdy bang khong khi duoc gia nhiét & nhiét do
75, 85, 95 and 105°C [6].

Bang 2: M6 hinh toan hoc mé ta qua trinh siy sim duong quy

Nhiét d ,
Mb hinh buong say | Cac hé so trong phwong trinh R? SSE (x10?)
()
40 k =0,4035 0,9668 4,011
Newton 50 k =0,7661 0,9816 1,653
60 k =1,0662 0,9964 0,280
a=1,0664
40 k = 0,4304 0,9732 3,229
Henderson a=1,0402
& Pabis >0 k= 0,794 1444
a=1,0151
60 k= 10805 0,9964 0,255
Wang & a=-02944
Singh 40 b =0,0211 0,9976 0,293
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50

a=-0,5572
b =0,0786

0,9999

0,003

60

a=-0,7695
b =0,1516

0,9956

0,347

Two-term
model

40

a=0,5453
b =0,5211
ki = 0,4304
k2 = 0,4304

0,9732

3,229

50

a=0,0135
b =1,0267
ki =0,7942
k2= 0,7942

0,9839

1,444

60

a=-7,5982
b =8,5979
ki =1,7151
k. = 1,6087

0,9998

0,015

Logarithmic

40

a=1,3989
k=0,2341
b =-0,3821

0,996

0,484

50

a=1,2004
k = 0,5457
b =-0,1888

0,9983

0,153

60

a=1,0509
k = 0,9680
b =-0,0438

0,9986

0,106

3.3 Hé s6 khuéch tan 4m hiéu dung va niing lwong hoat héa

Su thay d6i gié tri In(MR) ctia saim dwong quy theo thoi gian séy (7) dugc thé hién trén Hinh 4. Dya trén
hé s goc it ra tir phuong trinh In(MR) = (7), tinh toan duoc hé so khuéch tan 4m hiéu dung Deff d6i vé6i
sam duong quy. O cac diéu kién say 40, 50 va 60°C, gia tri hé s6 khuéch tan 4m hiéu dung tuong ung la
4,56.107'"; 6,85.10 ' va 9,13.10 ! m?/s . Céc gia tri Derr thu duge ddi véi sam duong quy 1a pht hop véi
cac gia tri duoc béo cdo trudc do. Theo Cavalcanti-Mata va cong su gia tri Dert cia san phdm thuc pham
ndng nghiép dao dong tir 10° dén 101t m¥s [11]. Doymaz di xac dinh cac gia tri khuéch tan trong pham vi
9,32.107'" @én 1,76.107'° m?/s ddi véi khoai lang sdy bang khong khi duoc gia nhiét & nhiét d6 50 — 70°C
[12]. Mohsen Beigi da cong b6 gia tri Desr trong pham vi 7,03.10° dén 1,08.10° m?/s ddi véi tao cét lat
dugc sdy bang khong khi dugc gia nhiét ¢ nhiét d6 50°C dén 70°C [4]. Cac nghién ctru déu cho thay rang
su gia ting ctia nhiét do sdy lam ting gia tri khuéch tan 4m hiéu dung cua vat liéu say.
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0. 8 ~o. °
2 RN el o
“. s A ~ o
_ n‘.p \.\\ ~o
[ RN "~ o0
=3 o, O AN
= \‘.‘ A—‘ S~
o O ~0
e,
4 / '."s
In(MR) = -0,0004*(1"60) + 0,2255 In(MR) = -0,0003"(1"60)
R? =0,9981 A R2=0,9593
S5r

6 . ) . . . \ '
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Hinh 4: Ham In(MR) theo thoi gian sdy cua sim duong quy
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Hinh 5 thé hién db thi sy phu thudc cua gia tri In(Derr) vao gia tri nghich dao cua nhiét d¢ tuyét dbi 1/T.
Nang luong hoat héa (Ea) duge xdc dinh dya trén h¢ s6 goc cua phuong trinh tuyén tinh In(Der) = f @T).
Gia tri Ea d6i v6i sam dwong quy thu duoc 1a 30,1 kJ/mol, gi tri nay 1 pht hop Vi cac cac cong bd vé vat
liéu say thuc pham dao dong tir 12,70 dén 110 ki/mol [4, 13]. Nang luong hoat hoa cang thap thi san pham
thuc pham cang can it ning lugng hon dé khuéch tan do am.

'23 # T T T
§\~
L e N In(Deff) = -3617,5%In(1/T) - 12,237
2321 Sl R2=0,9936 1
o
\h
» \‘\.
~ ~.
¢ 2341 -, 1
N— \§
\h
= \“\.\
S 236+ el 1
=4 \‘\.
< -~
\.~
-23.8F u 1
24 1 ! I 1
3 3.05 3.1 3.15 3.2 3.25
In(1/T) %1073
Hinh 5: Phuong trinh hdi quy biéu dién In(Desr) = f(1/T)
4 KET LUAN

Sam duong quy cit lat dugce sy bang phuong phap ddi luu véi khdng khi dugc gia nhiét & cac mirc
nhiét d6 40, 50 va 60°C. Nhiét d6 sdy c6 anh huong dang ké dén thoi gian siy. M6 hinh cua Wang & Singh
1a m6 hinh phu hop nhat ¢é mo ta duong cong say, tiép theo 1a m6 hinh Logarlthmlc Nhiét do say c6 anh
hudng dang ké dén d6 khuéch tan am hiéu dung ctia cac mau, véi cac gia tri d6 khuéch tan 4m hiéu dung
tuong ng véi cac mirc nhiét do say 40, 50 va 60°C 1a 4,56.107"", 6,85.107"" va 9,13.107"" m¥s. Gia tri
ning lwong hoat héa cta cac 14t cit sim duong quy dugc xac dinh 1a 30,1 kJ/mol.
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RESEARCH ON THE DRYING KINETICS OF ANGELICA SINENSIS

LE THI BICH NGUYET, PHAM QUANG PHU", TRAN VIET HUNG,
NGUYEN HOANG KHOI

Faculty Of Heat and Refrigeration Engineering, Industrial university of Ho Chi Minh city
* Corresponding author: phamguangphu@iuh.edu.vn

Abstract. The effect of drying temperature on the drying kinetics of Angelica sinensis was experimentally
studied using the hot air drying method. The experimental data show that drying curves were fit to Wang
and Singh model and the Logarithmic model to predict the drying kinetics of Angelica sinensis. The
effective moisture diffusivity values are 4.56x107'!, 6.85x107!, and 9.13x10'' m?s for drying
temperatures of 40, 50, and 60°C, respectively. The activation energy value of Angelica sinensis slices was
also determined to be 30.1 kJ/mol based on the Arrhenius equation.

Keywords. Angelica sinensis, convective hot air drying, drying kinetics, effective moisture diffusivity

Ngay nhén bai: 15/01/2025
Ngady chdp nhdn dang: 18/06/2025

56


mailto:phamquangphu@iuh.edu.vn

