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Tom tat

Trong nghién ciu ndy, bdn loai nguyén liéu nAm gém nim bao ngu tring (Pleurotus ostreatus
var. florida), ndm bao ngu xam (Pleurotus ostreatus var. columbinus), nim rom (Volvariella
volvacea) va chan nim déng c6 (Lentinula edodes) dugc tach 4m bang phuwong phéap sdy déi luu
VGi tac nhan siy 1a khong khi néng c6 nhiét do thay doi tir 50 dén 70°C. Sy thay doi am cua
ting nguyén lidu twong tng vai ting nhiét do sdy s& dwoc theo ddi trong sudt qua trinh sy. Dit
liéu nay duoc dung dé danh gia anh huong cia nhiét do sdy Ién mic do thoat am, udc luong hé
s6 khuéch tan 4m hiéu dung, wéc lugng ning luong hoat hda cua nguyén liéu. Két qua chi ra
rang nhiét d6 tac nhan siy cang cao thi am thoat ra khoi nguyén liéu cang nhanh. Hé sé khuéch
tan 4m cua cac nguyén lidu ndm dao dong tir 1.69544x10™° m%/s dén 7.82706 x10™° m?/s. Cac
gia tri nang luong hoat hda cua cac nguyén liéu nim trong qua trinh siy dbi luu dao dong tir
15.45 kJ/mol dén 24.79 kJ/mol, trong d6 ning luong dé hoat hda qua trinh béc hoi chan ndm
ddng cb 14 cao nhat cho thiy dé tach am khoi nguyén liéu nay khé hon so vai nhitng nguyén
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1. bat van dé

Tai nhitng nudc phuong Ty, nam va mot s6 san pham nam
dugc xem 1a ngudn thuc pham thay thé thit. Mac du viéc
thay thé hoan toan thit boi nam doi hoi nAm nguyén liéu
phai c6 chat lwgng tét bao gom hinh dang va kich thuéc thu
hat nhung nhitng loai nAm c6 chit lwong thép hon ciing co
thé duoc s dung dé san xuit nhitng san pham ché bién
khéc nhu omelet, pizza... Ngay ca viéc thay thé mot phan
thit va cac san pham thit (nhu pepperoni, xic xich) bang
ndm ciing lam giam viéc hip thu ning lwong, chit béo,
cholesterol va lam ting lwong hép thu xo, dong, kali va
riboflavin. Bac biét, d6i véi nhom ngudi an chay thi ndm 1a
ngudn duy nhat chira vitamin D. Mot nghién ciru gan day
boi Jasinghe va cong su (2005) x&c nhan riang viamin D tir
nam dé dang duoc hp thu va chuyén hoa trong co thé song
[1]. Ngoai ra ndm ciing dwoc xem la mot ngudn cung cap
protein, chat xo va ca nhirng vitamin nhém B. Mt khac,
chiing con cung cip rat it ning lwong, chat béo va dudng
nén thuong dugc khuyén co trong cac khau phan an c6 lgi
cho sirc khoe. Nam rat d& hap thu va tich liy mot s6 thanh
phan vo co bao gom Se va Ge tir mdi truong séng va
chuyén héa ching thanh cac thanh phan chirc ning c6 ban

chit hiru co. Do d6, cac nha san xuat dang nd hyc dé thuong
mai hoa nam thanh mot nguon cung cap mot sb loai khoang
nhét dinh cho con ngudi. Hon nita, ndm déng ¢6 va nim
linh chi la thanh phan quan trong trong cong thic cia mot
s6 san pham chirc nang.

Tuy nhién, hién nay nam tuoi c6 thoi han s dung kha ngan
khoang 5 ngay dudi diéu kién bao quan lanh ¢ 5°C. Chinh
vi vy, nguyén liéu ndy gay tén nhiéu chi phi dé bao quan
ciing nhu khé khin trong cac khau van chuyén, phan phdi
va thuong mai... Piéu ndy s& tao dong hrc dé ché bién
nguyén ligu nay thanh nhitng san pham c6 thoi gian sir
dung lau hon. Giai quyét van dé ton that sau thu hoach cua
nguyén liéu nay mang ¥ nghia kinh té cao va thuc day phat
trién bén virng ca noéng nghiép I1an cong nghiép ché bién
thuc pham. Mt trong nhitng phuong phap don gian nhat dé
tang thoi han s dung cia nguyén liéu la tach am khoi
nguyén li¢u vi trong moi trudng ¢6 hoat tinh nude thap sé
han ché sy phét trién cua vi sinh vat gay hu hong [2]. Ngoai
ra céc loai nim sau khi say kho vira thuan tién sir dung ma
con c6 thé la ban thanh pham dé phét trién san pham mai
nhu bot nam khd, hdn hop gia vi phéi tron.

Dé tach 4m ra khoi nguyén liéu c6 nhiéu phuong phap co
thé str dung nhu siy d6i Iuu, siy chan khong, sy thing hoa,
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sdy tang s6i... Tuy nhién, d6i véi qua trinh say dang miéng,
dé thyc hién qua trinh don gian va c6 tinh kinh té cao thi
qué trinh siy ddi luu bang khong khi nong 1a phwong phap
phd bién hon hét. Do do, trong nghién ctru nay, doéng hoc
sdy cuia cac loai nim phé bién (nim bao ngu tring, nAm bao
ngu xam va nam rom) va phu phim tir nim (chan nim dong
¢6) duoc khao sat khi thay d6i nhiét do tac nhan say nham
danh gia kha nang thoat 4m cua cac nguyén liéu ciing nhu
cung cap vao co so dir ligu nghién cau céc gia tri hé so
khuéch tan 4m va nang luong hoat hoa.

2. Giai quyét van dé

2.1 Nguyén li¢u

Nguyén liéu nim gébm niam bao ngu trdng, nim bao ngu
X&4m, ndm rom va chan ndm déng c6 duoc thu mua tai chg
An Nhon, Quan Go Vap, Tp.HCM. Nguyén liéu sau khi thu
mua s& duoc ria lam sach va cét hoiac xé nho véi kich
thude day 3 mm dbi voi nAm bao ngu tring va xam; véi
kich thudc day 2 mm ddi véi nAm rom va chan ndm dong
¢d. Sau d6 nguyén liéu lan luot s& duoc dua vao thiét bj siy
dé khao sat kha nang thoat am tuong ting véi ting nhiét do
khéc nhau.

2.2 Qué trinh siy
C6 3 muc nhiét do khao sat 1a 50°C, 60°C va 70°C. Mau
nguyén liéu (100 g) duoc trai 1 16p trén khay dung mau va
dugc sdy dén ham am dat 0.04 kg nuéc/kg chit khd. Su
thay d6i vé khdi lwong nguyén liéu duoc theo ddi sudt trong
qué trinh sdy tai nhitng thoi diém céch nhau 10 phut.
2.3 Ham am va ti 1é am
Ham am (M) trong nghién ctru dugc tinh theo vat ligu kho,
kg nude/kg chit kho, duge tinh nhu sau:

m

CK

Trong d6, My o la khdi lwgng am c6 trong nguyén ligu,
Mc 1a khéi Tugng chit khd c6 trong nguyén ligu.
Ti l¢ am (MR) la mot dai lwong khong thir nguyén, biéu
dién bang phuong trinh sau:
M, - M,
M 0~ M e
Trong d6, M, 1a ham am tai thoi diém t; M 1a ham am ban

MR = @

dau va M, la ham am can bang.

2.4 Uéc lugng hé s6 khuéch tan am hiéu dung

Theo dinh luat Fick thir hai cia qué trinh khuéch tan khong
on dinh, sy khuéch tan am cua nguyén liéu nim duoc mo ta
theo phuong trinh sau:

% — Dy VM @)
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Trong d6: M 1a ham am (kg nudce/kg chat kho); Deg 1a hé s6
khuéch tan am hiéu dung (m%s).

Crank (1975) da dua ra o1 giai giai tich (tng vai nhirng hinh
dang khac nhau va gia dinh ring 4m chi bi khuéch tan thi
hiang sb khuéch tan am dwgc mo ta theo phwong trinh sau

[3]:

8 «— 1 2 2 Dest
MR=—> _—~ _exp|-(2n+1 t| (4
;rznz_f;(zml)z p[ ( fx 412 J @

Trong d6: MR la ti 1¢ am; L 1a nira bé day (m)
Khi sdy mot thoi gian dai thi s hang dau tién (ang véi n =
0) trong chudi trén s& dwoc xem la loi giai xap xi va két qua

nhu sau:
Dest
t 5
412 j ©)

Phuong trinh trén c6 thé biéu dién du6i dang logarithmic:

In(MR) = |n[%j—[;z2 4D|e_f; tj (6)

Vé mit ly tuong, cac hé sb khuéch tan am dugc mo ta théng
qua s liéu thyc nghiém bang d thi biéu diu In(MR) theo
thoi gian siy (t, giay) va hé sé goc cua duong thang hoi quy

MR = %exp 72
T

Deff

41?2 !

tuyén tinh bing — 72

2.5 U6c luong ning luong hoat hda
Ning lwong hoat hoa dugc tinh toan bang cach sir dung
phuong trinh Arrhenius [4], [5]:

E
Dest =Doexp(— RTE" J @)

a

V6i: E, 1a ning lugng hoat héa (kJ/mol); R 1a hang s khi ly
tuong (8.3143 kJ/mol), T, Ia nhiét do khong khi tuyét ddi
(K), va Dy 1a hé sé truéc mii (pre-exponential) cua phuong
trinh Arrhenius (m?/s)

3. Két qua va thao luan

3.1 Anh huéng cua nhiét do dén duong cong siy cua céc
nguyén liéu nAm khéc nhau

Sy la qua trinh sir dung nhiét dé tach nudc ra khoi mau
nguyén liéu. Trong qué trinh siy, nudc duoc tach ra khoi
nguyén liéu theo nguyén tic boc hoi hodc thing hoa. Trong
qué trinh sy dbi luu thi khong khi nong dwoc sir dung lam
téc nhan siy. Qua trinh thoat 4m cia nim phuy thudc vao
nhiét do, va & nhitng thoi diém khac nhau ham am s& khéc
nhau. Say & nhiét do cang cao thi lugng am thoét cang
nhanh. Anh huéng cua qud trinh siy 18n ham 4m cua nim
bao ngu trang, nAm bao ngu xam, nim rom va chan nam
d6ng c6 dugc biéu dién qua hinh 1.

Két qua cho thay khi nhiét do say tang tir 50°C I1én 70°C thi
thoi gian dé cac nguyén liéu dat téi do am 4% (twong (ing
ham am khoang 0.04 kg nudc/kg chat khd) cang rat ngan.
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Khi ting nhiét d6 say, 4m bén ngoai bé mat nguyén liéu s&
bi chuyén pha tir pha long sang pha hoi, sau d6 tach ra khoi
nguyén liéu nho nguon khong khi khé nong dwoc cung cap.
Su chénh léch giira 4m & trong tam va bé mat nguyén ligu
s& tao diéu kién thuan lgi cho am thoat ra ngoai. Qua trinh
khuéch tan va chuyén pha két thic khi &p suat hoi cua moi
truong (khdng khi néng khd) va ap suat hoi trén bé mit
nguyén liéu bio hoa. Khi ting nhiét d6, qua trinh chuyén
pha dién ra nhanh nén sy thoat am cang nhanh [41]. Theo
nghién ciru cua Giri va cong su (2007) vé phuong phéap siy
néng véi mac nhiét do 50°C va 70°C, kha ning thoat am &
70°C cao hon hon so vé6i 50°C [6]. Theo nghién cau cia
Chong va cong su (2008) thoi gian siy ti 1& nghich véi
nhiét d6 sy, say & nhiét do cang cao thi thoi gian thoat am
sé cang nhanh [7]
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Hinh 1 D6 thi biéu dlen duong cong siy cia
nim bao ngu tring (a); bao ngw xam (b); ndm rom (c) va chén
ndm dong co (d)..

3.2 Udc tinh gi4 tri khuéch tan 4m hiéu dung khi sdy céc
loai n4m & nhiét do khac nhau

Bang 1 Téng hop hé sb khuéch tan 4m hiéu dung twong tng
cua tirng nguyén liéu ndm sdy & nhiét 46 khac nhau

Nguyén ligu | T°C siy Hésé goc  |Degr (M%)
] 50°C -0.0312 4.74183E-10
{\'rg'r‘]‘gbé‘O ngy 6ooc 00391  |5.94249E-10
70°C -0.0436 6.62641E-10
] 50°C -0.0325 4.93941E-10
)':'aanT bao ngwlgnoc 00406 |6.17046E-10
70°C -0.0438 7.82706E-10
50°C -0.0314 2.12099E-10
NAm rom 60°C -0.0372 2.51277E-10
70°C -0.0481 3.24903E-10
) ~Is0°C -0.0251 1.69544E-10
g;s;cé nam/gnoc -0.0322 2.17503E-10
70°C -0.0430 2.90454E-10

Hinh 2 thé hién mdi tuong quan tuyén tinh giita In(MR) va
thoi gian say (t) & cac nhiét do say khi nhau khi séy cac
nguyén Ileu nam khac nhau (nam bao ngu trang, nam bao
ngu xam, nAm rom va chan nim dong co) Két qua hdi quy
tuyén tinh dugc dung dé tinh toan hé s6 khuéch tan am hiéu
dung. Hé s6 khuéch tan am hiéu dung twong &ng véi ting
nguyén liéu ¢ nhitng nhiét d6 khac nhau va tuong ung do 1a
hé sé twong quan R? khi hdi quy tuyén tinh gia tri thuc
nghiém In(MR) vai thoi gian sdy (t) duoc trinh bay trong
Bang 1.

@ Pai hoc Nguyén T4t Thanh

La
NGUYEN TAT THANH




P
=

0 ‘.20 40 60 80 100 120 140 160 180

-1 =-0.0312x - 0.1797
“ R2—09885 450
-2
A
A ®60
-3 Te oA
T .. 0 o4 70
Sy 7004360578 A
E4  Re=09713 “ A
'.._ "A_.
-5 y=-00391x -0.2048 A",
R2=0.9684 N
6
7 —L .
Thoi gian (phut) a)
08
1 d‘@ 40 60 80 100 120 140 160 180 200
0‘ ¥=-0.0314x - 0.3042 5
2 .. R2 = 0.9815 AS
°60
2 “ A 70
[a g
s 4 oab, a,
= e
-5 y=-0.0481x - 0.721 ‘o AA
% R2=0.9648
y = -0.0372x ‘b 4117A
7 R2=0.9904
-8 L .
Thoi gian (phut) C)

Tap chi Khoa hoc & Céng nghé Sé 1

0oe

0:g20 40 60 80 100 120 140 160 180

1 S8 y=-00325x-0.202
‘A

R?2 =0.9867 A50
-2 ‘ k
A 60
o
3 oA
o A
= , A A 70
= @ LA
y =-0.0515x - 0.472 "-. A
-5 R2=0.9857 Y T
y = 0.0408xg 0.311%4"
-6 R2& 0.9819 A
-7 L ,
Thoi gian (phut) b)
0 LA
0 A@ 40 60 80 100 120 140 160 180 200
1 4 &, ¥=-0.0251x +0.1156
._‘A 4 Re=09755 450
2 ‘A A ®60
%9 A
= A :, 70
x A
s e 4
£ ®e A,
4y =.0.043 - 0.3549 ‘@ "x._
R2=0.9834 e
5 y = -010322x - 00665 A
R2=0.993
6 Thoi gian (phut) d)

Hinh 2 D6 thi biéu dién su thay déi cia In(MR) theo thoi gian (phit) cia nAm bao ngu tring (a); bao ngu xam (b); nim rom (c) va chan

ndm déng co (d) trong sudt qua trinh siy & 50°C, 60°C va 70°C

Tu két qua bang 1, cho thiy gia tri Des dao dong tir
1.69544x10™"° m%s dén 7.82706 x10™° m?/s. Két qua nay
kh& pht hop véi nhitng nghién ctu vé siy thuc pham co
tinh toan hé sé khuéch tan 4m hiéu dung. Trong mot nghién
ctru tdng quan vé cac hé sb khuéch tan 4m trong nghién ctiru
sdy thuc pham cho thiy khoang gié tri cua D dao dong tur
10™2 @én 10® m?s. Thém vao do, trén 80% gié tri cua Deg
dao dong trong khoang tir 10™ dén 10® m?s va 10™ m%s
la gié tri thuong gap trong cac san pham thuc pham. Tuy
nhién, hon 95% s nghién ciru nay khdng can nhic anh
huéng cua su co rit caa thyc pham trong sudt qua trinh siy
18n gid tri D [8].

Xét riéng timg dbi twong nguyén liéu nim thi khi nhiét do
sdy tang tir 50°C dén 70°C thi céc gia tri De dao dong tur
4.74183x10™°m’/s dén 6.62641x10°m%s ddi voi nam bao
ngu tring, 4.93941 x 10%°m?s dén 7.82706x10™°m%s ddi
v&i ndm bao ngu xam, 2.12099 x 10°m?/s dén 3.24903 x
10"m%s dbi v6i ndm rom va 1.69544x10™°m%s dén
2.90454x10"°m?/s dbi vai chan ndm dong c6. Két qua ciing
cho thiy kha ning thoat 4m & nhém nguyén liéu nim bao
ngu 13 cao nhat, trong khi déi v6i nim rom va chan nam
ddng co rat thip. Nguyén nhan c6 thé do ciu tric ndm bao
ngu x6p hon, kha ning lién két nuéc thap hon nén cac phan
tr nuée dé dang di chuyén ra bé mat béc hoi.

3.3 Udc luong niang lwong hoat héa cua qué trinh siy dbi
luu ddi véi cac nguyén lisu ndm khéc nhau

@ Dai hoc Nguyén T4t Thanh

L4 «
'NGUYEN TAT THANH

Nhu vy, tir cac gid tri khuéch tan am hiéu dung, khi biéu
dién db thi sy thay ddi cua gia tri Deff theo 1/RT, (hinh 3)
va sit dung phuong phép phan tich hdi quy phi tuyén s& xac
dinh dwoc nang luong hoat hoa twong Gng vai tirng nguyén
liéu sy.

Két qua vé nang lugng hoat hda cua cac nguyén li€u duoc
tong hop trinh bay trong bang 2, cac gia tri E, dao dong tir
15.47 dén 24.79 kJ/mol. Két qua ciing phu hop voi nhidu
nghién ciru vé cac qua trinh sdy rau ndm, khi ma c¢6 hon
90% két qua nghién ctru nim trong khoang 14.42 dén 43.26
kJ/mol, chi trir mot s6 it truong hop nim trong khoang
78.93 dén 130.61 kJ/mol [8]

9E-10 .
y= 1E-06e-21.21x A Bao ngu trang
Rb\: 0.9987 ® Bio ngu xam
7E-10 N NAm rom
i A \\ # Nam déng b
@ ~ X
% y = 2E-07e1547 ~ } ~
\;E-lo R2=0.9674 b 1
5
y = 3E-07e1961x
3E-10 . Yo R2=0.9818
y= 2E-0pe2iTx >-..2
R? = 0.9964 I
1E-10
0.34 0.35 0.36 0.37 0.38

[RTJ*
Hinh 3 D4 thi biéu dién sy thay déi cua Deg theo 1/RT,.
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Bang 2 CAc gia tri niang luong hoat héa khi siy dbi luu cac loai
nim (bao ngu tring, bao ngu xam, nAm rom va chan nim dong cd)

Loai nAim Ning lugng Hg s )
: hoat hoa, kJ/mol twong quan, R

Ném bao ngu tring 15.47 0,97

Nam bao ngu xam 21.21 0,99

Nam rom 19.61 0,98

Chén nam dong co 24.79 0,99

4. Két luan va dé xuat

Khi thay dbi nhiét d6 sdy tir 50°C dén 70°C thi thai gian sdy
céc nguyén lidu cang duoc rat ngin. Nhiét d6 cang cao
cang tang tc do truyén nhiét, khuéch tan 4m va béc hoi bé
mat caa nguyén liéu. Hé sb khuéch tan 4m cua cac nguyén
ligu nim ciing dugc tinh toan va két qua dao dong tir
1.69544x10"° m%s dén 7.82706 x10™° mP/s. Céu tric
nguyén ligu c6 thé anh huong dén kha ning khuéch tan am
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Effect of air-drying temperature on drying kinetics of four mushroom species in Vietnam

Thi-Van-Linh Nguyen, Quoc-Duy Nguyen, Quynh-Tran Truong, Thi-Thu Le
Faculty of Chemistry - Food - Environment, Nguyen Tat Thanh University

Abstract In this study, four mushroom species including pearl oyster mushroom (Pleurotus ostreatus var. florida), blue
oyster mushroom (Pleurotus ostreatus var. columbinus), straw mushroom (Volvariella volvacea) and stalks of shiitake
mushroom (Lentinula edodes) were dehydrated in convective air dryer at drying air temperatures of 50, 60 and 70°C. During
the process, moisture contents were investigated to examine the effect of drying temperature on the rate of moisture loss, to
estimate effective diffusion coefficients and activation energy for each material. The results showed that the higher drying
temperature the faster the moisture was removed from the materials. Diffusion coefficients and activation energy for each
mushroom were in the range of 1.69544x10™° to 7.82706 x10™° m%s and 15.45 to 24.79 kd/mol, respectively. Moreover, the
activation energy for shiitake stalks was relatively higher compared to those of the other mushrooms which indicated that
removal of water in shiitake stalks requires more harsh conditions i.e. higher temperature and higher drying time

Keywords pearl oyster mushroom, blue oyster mushroom, straw mushroom, stalks of shiitake mushroom, convective air
drying, moisture diffusivity coefficient, acitivation energy.
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