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ABSTRACT

Thin-layer drying of cap and stem of mushroom wasdied at temperatures of 40, 50 and 60°C.
Drying took place in the falling rate period, andhé¢ drying behaviour was adequately described
by the Page’s equation. The activation energy valusf cap and stem were determined to be
26.96 and 26.85 kJ/mol, respectively. The computetlies of frequency factor kfor cap and
stem were 4174 and 6247 hrespectively. The higher kvalue for stem implied lower resistance
to diffusion of moisture and therefore resulted iess drying time for stem at similar moisture
content.
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INTRODUCTION basis. Quality deterioration takes place if fresh
Mushroom is an important food in the diet ofmushrooms are not immediately processed.
Ghanaians (Atikpeet al, 2008). Mushroom is Drying is the most commonly used method of
an excellent source of essential amino acid@reservation of mushrooms. Dehydrated mush-
vitamins, and minerals and can contribute to theooms are used as an important ingredient in
formulation of a balanced diet (Bano and Rajaseveral food formulations including instant
rathnam, 1988; Manzet al, 2001; Mattilaet soups, pasta salads, snack seasonings, stuffing,
al., 2001). Therapeutic properties of mush-casseroles, and meat and rice dishes (Tuley,
rooms include enhancement of macrophag&996). Furthermore, elevated temperatures dur-
function and host resistance to many bacteriaing drying enhance enzymatic reaction that can
viral, fungal, and parasitic infections; activationresult in improved flavour of dehydrated mush-
of a non—specific immune stimulation; and retooms (Tuley, 1996). Extending the shelf life of
duction of blood cholesterol and blood glucosenushrooms is important to mushroom produc-
levels (Cheung, 1998; Rajarathnaet al, ers and consumers, and drying mushrooms is
1998). Mushroom has been found to inhibitone method that would extend the shelf life
aromatase activity and suppress breast canc@ruley, 1996).

cell proliferation (Grubet al, 2001). The most relevant aspects of drying technology

Mushrooms are highly perishable as they conmare the mathematical modelling of the process
tain moisture in the range of 87% to 95% wetind the equipment. The modelling is basically
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based on the design of a set of equations tdathematical Modelling of Drying Charac-
describe the system as accurately as possilteristics

(Celmaet al, 2007). McMinn (2006) outlines The heated-air drying of biological materials in
several thin layer drying models for explainingthe falling rate period is a diffusion-controlled
drying characteristics of agricultural productsprocess and may be represented by Fick's sec-
Mathematical models of the drying processesnd law of diffusion. Various types of mathe-
are used for designing new or improving existimatical models have been used to describe the
ing drying systems and even for the control ofirying of foodstuffs, ranging from theoretical
the drying process. models based on classical diffusion theory to

In Ghana mushroom is generally used in thgurely empirical models (Pabis, 1999). One
fresh form for the preparation of soups andgauation that has been used successfully to de-

dehydrated mushrooms are not available in th%cribe drying behaviour of a variety of biologi-

retail market. But as eating habits begin toCal materials (Jayas and Sokhansanj, 1989;

change dehydrated mushrooms may beconﬁ%tspl‘EZ%?;d.args' 1,989; Ta?: al, 5001;'122;3_
popular in Ghanaian dishes in the future. There2! 34 ) is Page’s equation (Page, ):

fore, the present study was undertaken to inves- _
) : - Mt —Me
tigate the drying characteristics of cap and stem MR=

=expEkt") (2)

of Agaricus placomycegariety of mushroom. o e

MATERIALS AND METHODS where,

Materials and Equipment MR = dimensionless moisture ratio (-)
Freshly harvestedAgaricus placomycesvas M; =  moisture content at any moment (%
purchased from a local market in Kumasi. The dry basis, db)

samples were washed and air-dried at roorl, = initial moisture content of product
temperature for 15 min for surface moisture (% db)

equilibrium moisture content
rate constant

removal. The initial moisture contents of fourMe
replicates of pieces of cap and stem were detek-

mined using hot oven method at 70°C for 24 K drying time, h
(AOAC, 1990). n constant
Drying process Since the values of the equilibrium moisture

Cap and stem, of 40 mm length, were dried atontentM,, are relatively small compared It

air temperatures of 40, 50 and 60°C in a ventier M,, equation (2) can be simplified to equa-
lated laboratory oven. Weights of samples weréon (3) (Thakoret al, 1999):

recorded at a 30 min interval for the initial 2 h

and thereafter at 1 h interval until no change in _ Mt _ —Lgn

sample weight was recorded. The moisture con- MR = Mo exp(~kt") ©)

tent of the sample on wet basis at a define
time was determined using equation (1).

ﬁio determine the constanksand n, equation
(3) can be expressed in the linear form as fol-

_ lows:
M, {1—""0(1\/\/'\"-)}100% @)

! In[- In(MR)] = In(k) + nin(t) @)
where,
M; = moisture content at thiéh time, % Linear regression of equation (4) was carried
wet basis out using the least squares technique in Micro-
M, = initial moisture content, decimal soft Excel to determine the constants.
W, = initial weight of sample, g The root mean error (RME) and the root mean
W = weight of sample at thth time, g square error (RMSE) between the experimental
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and predicted values were calculated usingreased from 0.203+0.011 to 0.377+0.021 h
equations (5) and (6) respectively: when the drying temperature was increased
from 40 to 60°C. This implies that the rate of

100 \Mexpi -M, 5 moisture loss in stem was higher than for cap at
RME = WZ:T ®) each drying air temperature. The difference was
o due to the more fibrous nature of the stem com-
1 2 pared to the cap. Thevalues for cap increased
RMSE=\/ > (M, ~M,,,) (6)  from 1.4017#0.112 to 2.0237+0.114 whereas
N3 the values for stem decreased from
where, 1.1644+0.090 to 1.0299+0.042 with increase in
N =  the number of observation temperature. These results are contrary to the
Mexpi=  the experimental moisture ratio atinconsistency inn values reported by Arora
theith observation. (2003) for wholeAgaricus bisporusas drying
M =  the calculated moisture ratio at thetemperature was increased.

ith observation The calculated values of the constants at each

drying air temperature were substituted into
RE,SULTS AND DISCUSSION equation (2) and the experimental data fitted to
Drying Rate _ the equation. The plots of the experimental and
Figures 1 and 2 show the plots of equation (4)regicted data are shown in Figures 3 and 4. It
which were used to determine the values of thggy e observed that there was no constant rate
constants as given in Table 1. drying period in the drying of mushroom and
The drying rate constark increased with in- all the drying processes are seen to occur in the
creasing drying air temperature (Table 1). Théalling rate period. This indicates that diffusion
values for cap increased from 0.132+0.041 tavas the dominant physical mechanism govern-
0.2460.028 1 whilst the values for stem in- ing moisture movement in the mushroom sam-

ples. These results are similar to others pub-
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Fig. 1. Relationship between moisture ratio and driypg time for the cap ofAgaricus placomy-
cesmushroom of Page’s model
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Fig 2. Relationship between moisture ratio and dryig time for the stem ofAgaricus placo-
mycesmushroom of Page’s model

Table 1: Values of coefficients in equation (3)

Cap Stem
Temperature Drying Rate n Drying Rate n
(°C) Constantk (h?) Constantk (h?)
40 0.132+0.041 1.4017+0.112 0.203+0.011 1.1644+0.090
50 0.181+0.023 1.7064+0.093 0.291+0.029 1.0614+0.011
60 0.246+0.028 2.0237+0.114 0.377+£0.021 1.0299+0.042

The results are reported asnean drying rate constant + standard deviation.

lished in the literature on the drying process of E

vegetables and agricultural products (DoymaZ = K, eXP(‘ﬁ] @)
2004for green beans; Madamlaal, 1996 for
garlic; Sogiet al, 2003 for tomato seeds).

=
>
D
=
o

rate constant ()

Effect of Temperature on Drying Character- E
istics

Total drying time decreased with increase ij;‘)
drying temperature of the drying air (Figures
and 4). The drying rate constaktincreased

activation energy (kJ-mod)
frequency factor (1)
universal gas constant
(8.314 kJ-mot-K™)
absolute temperature (K).

significantly (p<0.05) with increase in tempera-
ture (Table 1). The results suggested that th€he activation energies, as determined from the
Arrhenius law may be applicable to relate theslope of each curve, for cap and stem were
dependence of drying constant on drying ai6.96 and 26.85 kJ/mol respectively. The val-
temperature (R0.994). The relationship is as ues were more than 19.79 kJ/mol reported by
follows: Arora (2003) for wholéAgaricus bisporusThe
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Figure 3. Relationship between moisture ratio and iying time of mushroom cap

1.20
O Experiment 60°C
1008 OPage's model 60°C
A Experiment 50°C
X Page's model 50°C
—_ 0.80 | ® X Experiment 40°C0
>z < Page's model 40°C
o X ®
g S x %
o 0.60 |-
5 SR
g a ¢
0.40 |- X ®
0.20 | é g g g
0.00 . g g
° 2 4 6 8 10

Drying time (h)

Fig. 4. Relationship between moisture ratio and driyng time of mushroom stem
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Table 2: Calculated statistical values between expgeental and predicted data

Cap Stem
Parameter
40°C 50°C 60°C 40°C 50°C 60°C

R? 0.994 0.995 0.994 0.992 0.999 0.999
RME 14.122 16.521 10.871 10.852 18.720 9.556
RMSE 0.0182 0.0197 0.0406 0.0188 0.0581 0.0691
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Fig. 5. Arrhenius relationship between drying consint and temperature. Bar represents
standard error

difference in value could be due to varietaimoisture ranges of 0.18 — 0.75 % db and 0.10 —
characteristics and the values reported in both.32 % db for cap and stem respectively at 9 h.
studies are within the range reported by Rizvirhe moisture content values of stem at 9 h were
(1995) for various foods. The activation energyabout 50% lower than for cap.

values of cap and stem were approximatel

similar; therefore their sensitivity to tempera- ONCLUSIQNS. .
ture was the same. The computed valuek, of -(lz—Sse ;:t)cl)eiilc)(rjr%//::negt;)tlﬁ?'ilo:nz?sﬁuargdr::ggg?g_ 18
for cap and stem ohgaricus placomycegere ;
4174 an 62471 re%pectivel?y. TheyhighekO —0.75 % db qnd 0.10 - 0.32 % db resp_ectlvely
value for stenmimplies lower resistance to diffu- was 9 h. Drying of cap and stem Agancu.s
sion of moisture. This is supported by ﬁnalplacomyce:took place in the falling rate period,

Journal of Science and Technology, Vol. 29, No.Ayg., 2009 93



Characteristics of cap and stem of mushroom Addo et al

and the drying behaviour was adequately de- physiology, preservation and role as hu-
scribed by Page’s equation. The drying rate  man food.Critical Review in Food Science
constant was related to temperature using the and Technolog®7(2): 87-158.

Arrhenius relationship, and the activation eNTelma, A. R., Rojas S., Lopez F., Montero L.,

ergy values of cap and stemAgaricus placo- and Miranda T. (2007). Tratamiento ener-
myceswere determined to be 26.96 and 26.85 getico de alperujo€nergial62: 95-100.

kJ/mol, respectively. The computed value&pf ) )
for cap and stem were 4174 and 624% te- Cheung, P.C.K. (1998). Functional properties

spectively. The highek, value for stenimplied of edible mushroomslournal of Nutrition
lower resistance to diffusion of moisture. This ~ 128(9): 1512-1516.

was reflected in the final moisture contentDoymaz, |. (2004). Drying kinetics of white
ranges after 9 h of drying. The values for stem  mulberry.Journal of Food Engineeringl
were 50% less than for cap. Further study on (3):341-346.

drying and packaging of mushrooms is bein%rube B. J, E. T. Eng, K. Yeh-Chih, A
investigated by the authors. Kwon, and C. Shiuan. (2001). White but-
REFERENCES ton mushroom phytochemicals inhibit aro-

matase activity and breast cancer cell pro-
Akgu_n, N. A". and Doym_az, . (2005.)' Model- liferation. Journal of Nutrition 131(12):
ling of olive cake thin-layer drying proc-

ess.Journal of Food Engineering8: 455— 3288-3293. . _

461. Jayas, D.S., and Sokhansanj, S. (1989). Thin-

. I ) layer drying of barley at low temperatures.
Akpinar, E., Midilli, A., and Bicer, . (2003). Canadian Journal Agricultural Engineer-

Single-layer drying behaviour of potato ing 31(1): 21-23.

slices in a convective cyclone dryer anOIMadamba, P. S., Driscoll, R. H. and Buckle, K.

mathematical modellingEnergy Conver- . ;
sion and Manageme##(10):1689-1705. A. (1996). The thin-layer drying character-
istics of garlic slicesJournal of Food En-

AOAC. (1990). Official method of analysis. gineering29: 75-97.
Washington, DC: Association of Official Manzi, P., Aguzzi, A. and Pizzoferrato, L.

Analytical Chemists (No. 934.06). (2001). Nutritional value of mushrooms
Arora, S., Shivhare, U. S., Ahmed, J. and widely consumed in ItalyFood chemistry
Raghavan, G. S. V. (2003). Drying kinetics ~ 73(3): 321-325.

of Agaricus bisporusndPleurotus florida  pattila, P., Konko, K., Eurola, M., Pihlava, J.,

mushroomsTransactions of the ASAES Astola, J., Vahteristo, L. and Piironen, V.
(3): 721-724. (2001). Contents of vitamins, mineral con-
ASAE Standardg1998). S448: Thin-layer dry- tents, and some phenolic compounds in
ing of grains and small crops. %®d. St. cultivated mushroomsJournal of Agric.
Joseph, MICH.: ASAE. Food Chem49(5): 2343-2348.
Atikpo, M., Onokpise, O., Abazinge, M., McMinn, W. A. M. (2006). Thin-layer model-
Louime, C., Dzomeku, M., Boateng, L. ling of the convective, microwave, micro-

and Awumbilla, B. (2008). Sustainable wave-convective and microwave vacuum
mushroom production in Africa: a case  drying of lactose powdedournal of Food

study in GhanaAfrican Journal of Bio- Engineeringr2: 113-123.

technology7(3): 249-253. Midilli, A. and Kucuk, H. (2003). Mathemati-
Bano, Z., and Rajarathnam, S. (1998)euro- cal modelling of thin layer drying of pista-

tus mushrooms: Part Il. Chemical compo-  chio by using solar energfnergy Con-

sition, nutritonal value, post-harvest  version and Managemed#: 1111-1122

94 Journal of Science and Technology, Vol. 29, No.Ajg., 2009



Characteristics of cap and stem of mushroom Addo et al

Pabis, S. (1999). The initial phase of convectiv&ogi, D. S., Shivhare, U. S., Garg, S. K., and
drying of vegetables and mushrooms and Bawa, A. S. (2003). Water sorption iso-
the effect of shrinkageJournal of Agric. therm and drying characteristics of tomato
Eng. Res72(2): 187-195. seeds.Biosystems Engineering4: 293—

Page, C. (1949). Factors influencing the maxi- 301.
mum rate of drying shelled corn in layers.Tan, D. L. S., K. Miyamoto, K. Ishibashi, K.
MS thesis. West Lafayette, Ind.: Purdue  Matsuda, and T. Satow. (2001). Thin—layer
University. drying of sweet potato chips and pressed

Rajarathnam, S., Shashirekha, M. N. and z. 9ratesTrans. ASAE44(3): 669-674.
Bano. (1998). Biodegradative and biosyn-Thakor, N. J., Sokhansanj, S., Sosulski, F. W.
thetic capacities of mushrooms: present and Yannacopoulos, S. (1999). Mass and
and future strategiesCRC Critical Re- dimensional changes of single canola ker-
views in Biotech18(2/3): 91-236 nels during dryingJournal of Food Engi-

Rizvi, S. S. H. (1995). Thermodynamic proper- ~ N€€ring40, 153-160.
ties of foods in dehydration. In: Rao, M. A. Tuley, L. (1996). Swell time for dehydrated
and Rizvi, S. S. H. (Editors) Engineering vegetablesintern. Food Ingredientg(1):
Properties of Foods. Marcel Dekker, New 23 -27.
York. pp. 223-309.

Journal of Science and Technology, Vol. 29, No.Ayg., 2009 95



