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MO HINH TOAN HOC VA PHAN TICH THUC NGHIEM SAY NAM
DONG TRUNG HA THAO (Cordyceps militaris) LOP MONG
TRONG TU SAY CHAN KHONG

Nguyén Piic Toan'*, Vo Minh Hoang?, Nguyén Vé Phong Phu?

MATHEMATICAL MODELING AND EXPERIMENTAL ANALYSIS OF
Cordyceps militaris THIN LAYER DRYING IN VACUUM DRYER

Nguyen Duc Toan!*, Vo Minh Hoang?, Nguyen Vo Phong Phu?

Tém tat — Muc tiéu ciia nghién citu nay la
ddnh gid dong hoc sdy thodt dm va mé hinh héa
todn hoc qud trinh sdy kho déng tring ha thdo
I0p mong thuc hién & cdc nhiét do khdc nhau
trong tii sdy chdn khéng. Qud trinh sdy khé dong
trung thuc hién & cdc nhiét do: 50°C, 60°C va
70°C véi dp sudt chdn khéong 13 mbar dén khoi
lwong mdu dat trang thdi cdn bdng. Cdc gid tri
ti 16 do dm (Moisture Ratio) thit nghiém & moi
nhiét dé dugc mé phdng theo mé hinh todn hoc
Lewis, Henderson and Pabis, Page. Két qud cho
thdy mé hinh Page cé gid tri chi binh phuong
(x2) trung binh, sai sé binh phuong trung binh
(RMSE) nhé nhdt va gid tri hé sé xdc dinh (R*)
cao nhdt (> 0,99). Vi vdy, mé hinh Page mo td
16t nhdt ddc tinh sdy chdn khéng mdu dong tring
ha thdo trong khodng nhiét do 50°C-=70°C.

Tir khoa: dong trung ha thdo, mé hinh todn
hoc sdy, sdy chin khéng.

Abstract — The objective of this study is to
evaluate the drying kinetics and mathematical
modeling of the drying process of thin layer
Cordyceps militaris performed at different tem-
peratures in a vacuum oven. The drying process
is carried out at temperatures: 50°C, 60°C va
70°C, with a vacuum pressure 13 mbar until the
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sample mass reaches equilibrium. The experi-
mental moisture ratio (MR) values at each tem-
perature were simulated according to the Lewis,
Henderson and Pabis, and Page mathematical
models. The results show that the Page model
has the average chi-square ()2) value, the small-
est mean square error (RMSE), and the highest
coefficient of determination (R?) value (> 0.99).
The Page model best describes the vacuum drying
characteristics of Cordyceps militaris samples
within the 50°C+70°C temperature range.

Keywords: Cordyceps militaris, drying math-
ematical model, vacuum dryer.

. DAT VAN DE

O Trung Qubc, dong trung ha thio dudc coi 1a
thuc phdm chiic ning va thudc trong nhiéu nim
[1]. Bong trung ha thao Cordycepts militaris bao
gdm cac hop chit hoat dong da dang nhu ade-
nine, polysacarit, cordycepin, adenosine, cordy-
heptapeptide... Cordycepin (3-deoxyadenosine)
12 mot trong nhiing thanh phan chinh trong dong
trung ha thao. C4c nghién ctiu gan dy di chi ra
rang cordycepin con cé thé cung cip kha ning
b4o vé than kinh cho hé than kinh trung uong bén
canh tic dung tot trong cic hoat dong chong khbi
u, tiéu dudng, khang viém va oxy héa & ngudi
[2]. Tuy nhién, dong tring ha thdo tuoi rat dé bi
hu héng, chit lugng bi gidm [3].

S4y kho 1a mot phuong phdp quan trong trong
viéc bdo quéan thuc phdm va nguyén liéu thuc
vat [4]. Giai phap nay ciing dugc Gng dung trong
bdo quan dong tring ha thdo hiéu qua. Nhiéu
phuong phdp siy da dudc nghién ciu 4p dung
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cho déng tring ha thao nhu phoi ning [4], siy
hong ngoai [3], sdy khong khi néng, siy thing
hoa [5], sdy thing hoa két hop hong ngoai [6],
sdy chan khong [7]... Ngoai 4nh hudng cia céc
phuong phap sy, yéu t6 nhiét do va thdi gian siy
déng vai tro quyét dinh dén chét luong cia dong
tring ha thdo kho. Do d6, dong hoc qua trinh sy
dong trung ha thdo & cic diéu kién say khac nhau
can phéi dugc xem xét va tinh toan cu thé. Trong
nghién cdu ngay, ki thuat mé hinh héa véi cic
mod hinh todn hoc nhu Page, Lewis, Henderson
and Pabis dudc st dung d€ danh gia dong hoc
sdy dong tring ha thdo trong ti siy chan khong.
Viéc lua chon mé hinh todn hoc phu hop véi diéu
kién siy chan khong dong trung ha thao cho phép
tinh todn dugc thdi gian sdy, tir d6 ki€ém sodt tt
chit luong san pham dong trung ha thao khd.

II. TONG QUAN NGHIEN CUU

Anh hudng ctia sdy hong ngoai dén dong hoc
sdy, cac hop chit c6 hoat tinh sinh hoc va huong
vi ciia dong trung ha thao da dugc danh gia bdi
Wu et al. [3]. Ki thuit siy dbi luu hong ngoai
dugc thuc hién & nhiét do lan lugt 40°C, 50°C,
60°C va 70°C. Pong hoc thoat 4m ciing ting
nhanh khi ting nhiét do siy. Say kho & 40°C c6
16i cho viéc gitt lai mau va cic hop chét dé bay
hoi. P6i v6i huong vi khong dé bay hoi, nhiét
do sdy tuong d6i cao c6 hidu qua hon trong viéc
giam vi ding va du vi dang. Diéu kién t6t nhét
dé gitt lai adenosine, cordycepin, phenolics tong
s6 va cac chat dinh dudng (Cu, Fe, Zn va Mn)
trong dong tring ha thio 14 siy kho & toc do gi6
1 m/s ¢ 60°C [3].

Nghién cttu cda Thitiphan [5] so sanh hai
phuong phép sy ddi luu khong khi néng va sy
thing hoa trén dong trung ha thio. Sy khong
khi néng dudgc thuc hién & 55°C trong 24 gio va
siy thing hoa trong chin khong lugng khi hit
khoi thiét bi 1a 140 lit/phiit trong 48 gid. Két qua
cho thiy c4 cordycepin va adenosine chiét xuat tir
mau sy thing hoa déu c6 gid tri cao hon so vé6i
chiét xuét tr miu siy khong khi néng. Két qua
nghién ctu dich chiét xuét tir Cordyceps militaris
cho thiy hoat tinh chéng oxy héa ciing nhu ham
lugng phenolic tdng s6 ctia dich chiét tit phuong
phdp sdy thing hoa cé gia tri cao hon so véi
dich chiét tir phuong phap siy kho bing khong
khi néng [5].
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Tién xi li ting cuong tinh 6n dinh vat 1i va
chéng oxy hoéa ctia dong trung ha thao kho bang
cdc diéu kién siy khac nhau da dugc nghién citu
bdi Dechapon et al. [7]. Két qua cho thdy tién
xt 1i bang cach ngdm mAu trong dung dich acid
citric 0,5%, dun s6i va hap mit nhiéu thoi gian
siy hon so v6i mau siy kho va chua qua xi 1i dé
dat dudc do 4m cubi cung (khoang 8% ciin ban
kho). Viéc ting nhiét do sy trong tii chan khong
c6 thé 1am gidm thoi gian siy. Phuong phap lam
kho maiu trudc khi siy c6 gia tri L* cao nhit, gia
tri a* va b* thap nhit. Nhiét do siy cao c6 xu
hudng lam giam gia tri L* trong khi gia tri a* va
b* ngay cang ting. Pic tinh chéng oxy héa, tién
xt 1i bang cach ngam trong acid két hop siy kho
& 70°C bing chan khong cho thiy ham Iugng hop
chét phenolic, DPPH va hoat tinh bat gbc tu do
superoxide cao nhit. Tién xt Ii c6 thé bao quan
tot cac chat cordycepin va adenosine ctia dong
trung ha thao trong qud trinh siy kho [7].

Anh hudng ctia phoi ning, sdy thing hoa, siy
khong khi néng (50°C, 70°C) va siy vi séng (420
W, 700 W) dén cdc dic tinh héa 1i va hoat tinh
chéng oxy héa ctia Cordyces militaris da dugc
ki€m tra bdi Li et al. [4]. Két qua cho thiy, siy
thing hoa c6 su khac biét vé mau sic it nhit so
v6i nguyén liéu ban dau va duy tri dugc nhiéu
cordycepin va polysaccharide hon. Sy vi séng &
cong suét 700 W gitip bdo quan lugng hop chét
phenolic va carotenoid 16n hon. Do d6, hoat tinh
loai b gbc tu do DPPH va ABTS cao hon ciing
nhu kha ning chéng oxy héa khit st cao hon.
Sy bang vi séng c6 thé 1a mot phuong phap
tiém ning d€ thu dugc Cordyces militaris kho
c6 hoat tinh chéng oxy héa cao [4]. Co s& lua
chon nghién ctiu phong doan thsi gian siy bang
md hinh todn hoc dudc thuc hién dya trén nhiing
nghién ctfu bién ddi chit lugng siy dong triing
ha thao trude day. Cac nghién cdu da thuc hién
tap trung danh gid tic dong cua phuong phap
sdy, nhiét do hay thdi gian siy, chua dé cap dén
phuong phap xéc dinh thdi gian siy khi md rong
cd mau sy hay quy mé siy 16n hon. D€ 4p dung
dugc két qua sdy vao diéu kién thuc tién dat hiéu
qué cao, thdi gian sy can phai tinh todn dudc
muc phu hgp.
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III. PHUONG PHAP NGHIEN CUU

A. Nguyén liéu va thiét bi

Poéng tring ha thio tudi dugc cung cép truc
tiép tir phong nudi ciy cta Truong Pai hoc Tra
Vinh. Céc sgi nAim dudc chon thu hoach c6 kich
thu6c tuong dbéi déu nhau. Nhiét do6 bido quan
trudc khi siy cia dong trung ha thdo & 30+20C.

Thiét bi siy chan khong (Memmert VO101,
Diic) c6 dung tich 101 lit, cho phép diéu chinh
4p suit chan khong tif 5=-1100 mbar, miic ro ri 4p
suét chan khong 13 0,01 bar/gid, nhiét do bé mit
khay say tdi da 200°C, sai sd nhiét do +0,1°C.

B. Tién hanh thi nghiém

Céc mau dong trung dudc can khbi luong 100
g dat thanh 16p méng trén khay siy. Nhiét do
sdy khdo sit 1a 50°C, 60°C va 70°C & 4p suat
13 mbar. Tién hanh siy dén khdi lugng khong
ddi véi khoang thdi gian ghi nhan thay ddi khoi
lugng 12 30 phiit. Do 4m cubi cing clia dong
trung ha thao dat dudi 4% (can ban kho). Do 4m
thodt ra & cac nhiét do siy dudc biéu dién dudi
dang dudng cong siy va tinh toan trén ba mo
hinh toan hoc Page, Lewis, Henderson and Pabis
(Bang 1).

C. M6 hinh héa qud trinh sdy

Ti 16 d6 Am (Moisture Ratio) tif cdc md hinh
trong Bang 1 dudc tinh nhu sau:

Mt - Me
MR = ———

Mo - Me

Ti 1é¢ d6 4m MR c6 thé dudc don gidn hda
thanh M,/My, véi Mt 1a d6 4m tai thdi gian khéo
st (Kgnuoc/KEehit kho) V& Mo 12 do dm ban déu
(kgnu(jc/kgchﬁt kh()) [8].

Dii liéu thuc nghiém cta qud trinh siy kho
dugc danh gia bang phan tich hdi quy va viéc lua
chon m6 hinh dudc tién hanh dua trén hé sb xdc
dinh (R?), chi binh phucng trung binh (x2), sai
s6 binh phuong trung binh (RMSE) bing phan
mém Excel. Thi nghiém dugc tién hanh ba lan
lap lai. MOt mo hinh dudc coi la phu hgp hon
khi gia tri R? cao va gia tri x2, RMSE cang thip
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[9].
N -
R% = MRpre.l' B MR'srp.l'
- — 2
i=1 [MRex'p.i - MR-ax-p.i )
1
n 1
1 2
RMSE = EZ[MRP,.S,[- — MR.upi)
i—1

M'Rprs.:'):

2 _ Z‘?-:J.(M'Rsxp.:' -
X N-—=z

Trong d6: MR,y 1a ti 1&¢ do am thuc nghiém;
MR, ; 1a ti 1¢ d0 4m du dodn ctia md hinh; N
12 s6 dit liéu quan sat; z 1a hiang s md hinh.

Bang 1: Cac mé hinh toan hoc st dung mo
hinh héa qua trinh siy chan khong

Thi Tén mé Céne thikc tinh Cache s6 sau khi bién d6i
fw hinh one thue mé hinh dang Y = AX + B
. _ _ Y=Wm(MR: X =t
1  Lewis MR = exp(—k.t) A= —lB=0
Y = In(~In(MR)); X
2 Page MR = exp(—k.t™) = In(t);
A=n;B = In(k)
Henderson _ _ Y=Wm(MR: X =t
3 and Pabis MR = a.exp(-k.t) A=-kB=In(a)

Ghi chii: Cdc tham sé trong mé hinh:
t = thoi gian sdy (phiit); k = hang sé sdy;
a, n = hé sé6 mé hinh; MR = ti 1é dé am [10]

IV. KET QUA VA THAO LUAN

Hinh 1 thé hién su bién ddi cua ti 1&é 4am (MR)
theo thoi gian siy & nhiét do 50°C, 60°C, 70°C
v6i ap suét chan khong 13 mbar. Ti 1é 4m giam
lién tuc theo thdi gian siy. C6 thé quan sét thiy,
thoi gian sdy gidm dang k€ khi ting nhiét do ti
50°C 1én 70°C. O nhiét d6 siy 50°C, 60°C va
70°C, can bing ti 1é &m dat 1an lugt & 420 phuit,
330 phit va 210 phit. Thai gian siy nay nhanh
hon nghién ciiu ctia Chaiya et al. [7], khi sdy
dong trung ha thao khong qua tién xi li, biang
ti sdy chan khong Memmert VO500 véi 100 g
dong trung siy & 50°C, 60°C va 70°C, ap suit
chan khong 60 mbar, thoi gian dat cin bang ti 18
4m lan lugt 1a 600 phit, 480 phit va 420 phuit
[7]. )

RO rang, nhiét do say dong vai tro quan trong
trong toan bd qud trinh siy. O 70°C, thoi gian
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Hinh 1: Thay d6i ti 1é 4m theo thdi gian siy
dong trung ha thdo & cac nhiét do

sy riit ngan xudng 50% so véi sy & 50°C. Viéc
ting nhiét do sdy gitp ting 4p suét hoi nuée & bé
mit vat liéu, két qua tuong tu v6i nghién ciiu clia
Wau et al. [3]. Viéc két hop dp suit chian khong sé
cang gidp cho 4m trong doéng tring ha th4o tho4t
ra nhanh hon. Diéu nay cu thé khi xem xét biéu
dd tbc do siy & Hinh 2. Téc do thodt 4m cang
cao khi ting nhiét do siy tir 50°C dén 70°C. V6i
phuong phap siy chan khong, nhiét do cao 1a lgi
thé d€ riit ngan thoi gian siy. Tuy nhién, nhiét do
cao ciing c6 tic dong dén chat luong cta dong
trung ha théo siy kho. Céc nghién ciiu tic dong
nhiét d6 siy dén hop chét sinh hoc ctia dong tring
ha thao thuong khong qua 70°C [7, 3].
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Hinh 2: Téc do thoat Am dong trung ha thao
theo nhiét do sy

Cac dudng cong siy dudc mo phong theo ba
mod hinh toan hoc Page, Lewis, Henderson and
Pabis dugc trinh bay trong Bang 2. Theo Bang
2, ngoai trit cac mo hinh Lewwis, Henderson and
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Hinh 3: Phdng dodn ti 1& 4m theo thoi gian sy
cua Henderson and Pabis & 70°C
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Hinh 4: Phong doan ti 1& 4m theo thoi gian siy
cua Page & 70°C

Pabis, hé s6 xdc dinh ctia mo hinh Page luon c6
R? > 0,99 & cac nhiét do siy. Hé sd chi binh
phuong trung binh ()2) va sai sd binh phuong
trung binh (RMSE) & cac md hinh 1a yéu t6 quan
trong trong viéc chon lya md hinh. M6 hinh Page
(x2) va (RMSE) c¢6 gi4 tri thip nhét & cdc nhiét
do siy. Riéng Henderson and Pabis c6 (x2) va
(RMSE) gid tri & 70°C thip nhét 13 0,0002 nhung
R? chi dat 0,9628. Diéu nay khong théa dang véi
tiéu chi lya chon mo hinh, phai ddm bao dong
thdi R? cao, (x2) va (RMSE) thap.

Kha ning phong dodn d6 4m cua dong tring
ha thdo & cic thdi gian siy tai 70°C, dp suit 13
mbar cia md hinh Page va mdé hinh Henderson
and Pabis dudc thé hién & Hinh 3 va Hinh 4,
dudng cong phong dodn ciia Page gan dat miic
chinh xac so v6i dudng cong cua dit liéu thuyc
nghiém. Tinh chinh x4c phéng doan cia mo hinh
Page ciing dugc chiing minh qua cac nghién ctiu
sdy nong san trudc dé [11, 12].
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Bang 2: Udc tinh cdc tham s6 mo hinh dugc ap

dung dé biéu dién dit liéu thuc nghiém

Nhiét _ Cic tham sb tir md hinh

Mohimh 5 R? RMSE 2

toin hoc o) a k n

Lewis 50 ~ 00132 ~ 09831 00746 0.0056
60 - 00152 - 09776 01317 00174
70 - 00245 - 09628 00197 00198

Page 50 - 00418 08190 09949 00056 0.0003
60 - 01140 06721 09943 00043 00002
70 - 02350 06048 09928 0.0006 00002

Henderson S0 06196 00132 - 09831 00231 00005

and Pabis
60 03641 00144 - 09776 00304 00009
7002305 0.0220 - 09628 00002 0,0002

V. KET LUAN

Trong diéu kién siy chan khong doéng tring
ha thao, tbc do thoat 4m ting khi ting nhiét do
sdy. Mo hinh Page phui hgp dé€ phdng doan thdi
gian siy 16p mong dong tring ha théo & nhiét do
50°C, 60°C va 70°C.
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