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Abstract 

This study was to compare the quality characteristics of yeast (Saccharomyces cerevisiae) dried using 
different methods. The yeast sample was dried at 500C for hot-air drying (HD), freeze drying (FD), and 
vacuum drying (VD) while it was d다ed at 40-80oC in case of microwave vacuum drying (MVD). The 
drying characte디stics ， moisture diffusivity, survival kinetics, and morphological damages were evaluated 
MVD showed the shortest drying time (1.5 hrs), followed by HD, VD, and FD. The initial drying rate 
of MVD was four times faster than that of HD. The MVD sample showed 10 times higher moisture 
diffusivity than the HD sample. 꺼le MVD sample showed similar survival to the FD sample‘ Both 
pseudo-z value (108.70C) and z value (1 07.50 C) were similar each other. The morphological structure of 
MVD sample was similar to that of FD one. MVD seemed very advantageous due to its short drying 
time, low temperature, excellent viability, and less damaged morphology 
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I ntroduction 

Yeast has been used as a fermentation agent for bread 

and wine and as a main constituent of a cultivating media. 

lt has also been used as a health supplement or ingredients 

for various foods. lt is usually dehydrated into an active 

띠y form for the preservation 뻐d applic때onp따pose. 

Drying of yeast causes damage to the cellular struc­

ture including rupture of cell membrane and changes in 

cell composition (Alpas et al., 1996). The damage may 

further cause the destruction of heat-sensitive compo­

nents as well as the cell death. Therefore, viable cell 

number is a good index for evaluating the degree of 

either heat damage expe디enced during conventional 

drying or freezing damage in case of freeze drying. ln 

short, the cell viability of yeast is one of the most impor­

tant qu떠ity characteristics of the dried yeast. 

Such dehydration methods as hot-air drying, fluid­

ized-bed drying, spray drying (Labuza et al. , 1970, 

1972; Elizondo 때d Labuza, 1974), drum drying, and 

tunnel drying (Alpas et al. , 1996) are generally used for 
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yeast. 까le methods are economical but may result in 

inferior quality especi외ly during the later stage of dry­

ing. In case of vacuum drying and freeze 따ying 

(Kodato, et al. , 1999; Cerrutti et al. , 2000), product qual­

ity may be better but the cost may be more expensive. A 

promising altemative would be vacuurn drying using 

microwave energy (Kim et al. , 1997). πle death of 

microorganisms under microwave field is considered 

thermal and can be described by the conventional death 

kinetics. The microwave vacuum drying is very attrac­

tive process with respect to the cost as well as the prod­

uct quality; however, there has been little attempt to 

produce active dry yeast by this technique. 

In this research yeast s없nple was 아ied using hot-떠r 

따ying (HA), freeze drying (FD), vacuum 따ying (VD), 

and microwave vacuum drying (MVD). The 띠ying char­

acteristics, moisture diffusi에ty， survival kinetics, and mor­

phological damage of yeast were evaluated to compare 

the quality characteristics of dried yeast products. 

Materials and Methods 

Materials 
Fresh commercial pressed yeast was obtained from 
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Fig. 1. Schematic presentation of a laboratory microwave vacuum drier. 

Jenico Foods Co, Ltd. (Seoul, Korea). 까le sample was 

in the form of paste and kept at -750C in a deep freezer 

(GS Laboratory Equipment, ULT 2586-5-D30, USA) 

until uscd. The dried samples were then sealed in foil­

laminated pouches. 

Dehydration of yeast 

Yeast samples (5 mm thickness) were 뼈edusingHD， 

VD, FD, and MVD. πle drying experiments for tripli­

cate samples were run at least 야rree 디mes. 

In case ofHD and VD, sample temperature was main­

tained at. 500C with K-type thermocouple probe and on­

off controller. Samples were dried for three hours in a 

forced-convection hot air drier (Yamato Constant Tem­

perature Oven, model DN-61 , Japan) and for six to nine 

hours in a vacuum drier (Fisher Isotemp Vacuum Oven, 
model 281 , USA), respectively. 

까le samples were frozen for 24 hours in a deep 

freezer (GS Laboratory Equipment, ULT 2586-5-D30, 
USA) before FD. The frozen s없nples were then dried in 

a laboratory freeze 떼er (Labconco Freeze Drier 5, 
USA) at ambient temperature with a condenser temper­

ature of -500c 뻐d a vacuum of 100 mmHg for 14 hours. 

MVD was done in a laboratory rnicrowave vacuum 

drier (model MVD-l , 2,450 MHz æd 800 W, The Cath­

olic University of Korea, Korea) shown in Fig. 1. Sam­

ples were placed on a circular teflon dish (100 mm 

diameter and 5 mm depth) and 뼈ed at 1 kPa (10 

mmHg) and 40, 50, 60, 70, and 800C for two hours. 

Pressure was monitored with a pressure transducer and a 

desired product temperature was monitored and main­

tained with a K-type thermocouple probe and a on-off 

controller. Samples were taken and weighed at 5 to 10 

rnin intervals during drying. 

Determination of moisture content and drying 

characteristics 

Triplicate samples were φ1ed at 1050C for 3 hours to 

determine the moisture content. Dry띠g ch따acteristics 

were analyzed with res야x:t to 띠ne vs. temperature, time 

vs. moisture content, and moisture content vs. drying rate. 

Determination of moisture diffusivity and its 

temperature dependence 

πle transient state diffusion is expressed by Fick’s sec­

ond law (Barbosa-Canovas and Vega-Mercado, 1996): 
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where m=moisture content (kg waterlkg solid), t=time 

(s), D=moisture diffusivity (m2/s), and x=diffusion path 

(m). 

The above equation can be solved in terms of infinite 

series for a infinite slab: 

m-mc 8 흔 1 _ .. _-(2n 1 )2π2Dt ___ ~ = u_ )' • _exp ‘ (2) 
mo-me πLn":"'I(2n_l)L - 4Lι 

where me=equilibrium moisture content (kg waterlkg 

solid), mo=ini디a1 moisture content (kg waterlkg solid), 
L=slab thickness (m). 

AlI terms in the above series may drop out for n~2 

because they are much sma1ler than the term for n= 1. 

m 8 -π2Dt 
- =-끽 exp --,-
UJO π‘ 4L‘ 

πle moisture diffusivity can be obtained from the 

above equation 뻐d its temperature dependence can be 

calculated from the following Arrhenius-type equation: 

-E~ 
D = D"exp ~:: 

U • RT 

where Do=pre-exponentia1 factor (m
2
/s), ED=activation 

energy for diffusion (J/mol), R=gas constant (8.314 J/ 

molK), and T=absolute temperature (K) 

Survival kinetics 

D-va1ue and z-v띠ue in Eqn. (5) and Eqn. (6) were 

used to 때alyze survival kinetics of yeast during drying. 

dN 2.303~ ， 

dt D 

dN 2.303~ 

dT z 

where N=number of viable cells (cfulg), t=time (rnin), 
D=decima1 reduction time (rnin), T=temperature (oC), 

and Z z-va1ue ('C). 

Enumeration of yeast 

YPD agar medium (yeast extract 1 %, polypeptone 

2%, and dextrose 2%) was used to count viable cells of 

yeast (Adegoke, et al., 1997). Colonies were counted 

h 
U 

/ ‘ , 
、

after incubating duplicate plates at 300 C for 24 hours. 

Results were expressed as colony forrning u띠ts (cfu) per 

망arn of solids. 

Observation of surface structure of yeast cell 

The surface structure of yeast cells after each dehydra­

tion σ'eatment was observed with scanning electron 

rnicroscope (JEOL Scanning Microscope, model JSM-

541OLV, USA) at a 3,500 magnification level. 

Statistical analysis 

Statistical software (SigmaPlot 5.00, SPSS Inc. , USA) 

was used to analyze data and to obtain the least square fit 

of the lines. 

Results and Discussion 

(3) 

(4) 

Changes in sample temperature during drying 

Fig. 2 shows the changes in sarnple temperature dur­

ing HD, VD, and MVD ofy않8t at the set temperature of 

500C. 까le sample reached 500C 뼈.er 10 rnin of HD; 

while, it reached 500C after 30 min of VD. The slower 

temperature 디se of VD seemed due to the slow heat con­

duction from the heating plate to the s따nple in a vacuum 

drier. In case ofMVD, 80 rnin was required for the sarn­

ple to reach 50oC. This slowest temperature rise was 

60 

50 

(5) 
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Fig. 2. Changes in temperature of Y'없st (Saccluuomyces 
cere때iae) during microwave vacuum dr꺼ng， hot air 
dπing and vacuum drying at 50"C. 
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mainly due to the fast drying and the enough loss ofheat 

by evaporation in the initial stage of MVD. 

Changes in sample moisture content and dry­

ing rate 

Fig. 3 shows the changes in sample moisture content 

during HD 뻐d MVD at 50"C. The changes during VD 

and FD were omitted owing to the relatively slow 

changes as compared to the former drying methods. The 

2.5 
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{• H이 alr drying at so'c 
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Fig. 3. Changes in moisture content of yeast (Saccharo­
myces cerevisiae) during microwave vacuum dJγing and 
hot air drying at 50"C. 
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Fig.4. Ch와tges in drying rate of yeast (Saccho.romyces 
cerevisiae) with respect to its moisture content during 
microwave vacuum drying and hot air dlγing at 50oC. 
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sample moisture content decreased to 0 .10 kg water/kg 

solid for the initial pe디od of 20 min of MVD. It took 1 

hr and 30 min for the sample to reach the final moisture 

content of 0.05 kg water/kg solid. ]n HD, it took 1 hr and 

10 min to 따y to 0.09 kg water/kg solid, 2 hrs to 0.06 kg 

water/kg solid and 3 hrs to 0.05 kg water/kg solid. In 

VD, 6 hrs were needed to dry to 0.09 kg water/kg solid 

and 9 hrs to 0.05 kg water/kg solid. In case of FD, at 

least 14 hrs were required to get the moisture content of 

0.05 kg water/kg solid. 

Fig. 4 shows the drying rates of HD and MVD at 

500 C. In HD, cons때nt rate period was observed down to 

the critical moisture content of 0.09 kg water/kg solid 

and then the falling rate period began. In contrast, MVD 

began with falling rate pe디od. The initial drying rate 

(0.084 kg water/kg solid/min) of MVD was four times 

faster than that (0.022 kg water/kg solid/min) of HD. 

Moisture diffusivity of sample dried by different 

methods 

The moisture diffusivity at 500 C of HD sample and 

MVD sample were 7.42x lO-1O m2/s and 6.73xl0-9 m2/s, 

respectively. The MVD sample had 10 times higher 

moisture diffusivity than the HD sample. This seemed 

duε to the difference in porosity of the two samples. The 

MVD sample had a lot of pores due to the high internal 

pressure and the rapid moisture escape. The diffusivity 

values of microwave vacuum φied s없nples also 

increased with drying temperature. πle temperature 
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Fig. 5. Changes in logarithmic surviv빼 ratios of Y'앵st 
(Saccharomyces cerevisiae) during microwave vacuum 
drying for 60 min at various temperatures. 



survival was in the order of FD, MVD, HD, and VD. 

However, the MVD s없nple showed similar survival to 

the FD sample. And the lowest survival of VD sample 

seemed due to the long φying time of 9 hrs. 

Fig. 5 shows the logarithmic survival ratios during 

MVD for 1 hr at different temperatures. The logarithmic 

survival ratios decreased linearly with drying time and 

also decreased as drying temperature increased. From 

the curves in Fig. 5, D values at different temperatures 
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dependence could be expressed as an activation enεrgy 

of diffusion of 6538.8 J/mol. 
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Survival of yeast dried by different methods 

The survival of yeast in the sample dried at 50
0
C was 

compared based on thε logarithmic reduction. The 

smaller value the logarithmic reduction, thε higher the 

survival. The logarithmic reduction values were 0.48 for 

FD, 0.60 for MVD, 1.02 for HD, and 1.23 for VD. The 
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Fig. 7. Relationsbip between drγing temperature and 10-
ga다tbmic D-values of yeast (Saccharomyces cerevisiae) 
microwave vacuum d히ed for 60 min . 
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Fig. 6. Relationsbip between dr피ng temperature and 
logarithmic survival ratios of y없st (Saccharomyces cere­
visiae) microwave vacuum d꺼ed for 60 min. 
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Fig. 8. Scanning electron micrograpbs (3,500X) of micro-wave vacuum d꺼ed yeast (Saccharomyces cerevisiae) at 4O"C 
(9A), 500 C (9B), 600 C (9C), 70"C (9D), and 8O"C (9E). 
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were calculated. As shown in Fig. 6 ‘ the logarithrnic sur­

vival ratios decreased linearly with temperature increase. 

From Fig. 6, pseudo-z value was calculated to be 

108.7
0
C. In Fig. 7 the logarithrnic D values were plotted 

with temperatures to calculate z-values of 107.5"C. Both 

pseudo-z value and z value were similar each other. 

Morphological changes of yeast dried by dif­

ferent methods 

As shown in Fig. 8, the yeast cell was more damaged 

as the drying temperature of MVD increased from 400C 

to 80
0

• As shown in Figs. 8-11 , the morphological struc­

ture of MVD sample was sirnilar to that of FD one. 

However, the HD and VD samples had much severer 

damages on the cell surface. 

Fig. 9. scanr피Ig electron micrographs (3,500X) of hot air 
d찌ed yeast (Saccharomyces cerevisiae) at 50"C. 

Fig. l0. S쩌m파Jg electron micro맑'Ilphs (3,500X) of vacuum 
d꺼edy없st (Saccharomyces cerevisiae) at SO.C. 

Fig. 11. sc뻐뻐Jg 에없ron micn뻗raphs (3,500X) of fl없ze 
dried yeast (Saccharomyces cerevisiae). 

Conclusion 

MVD was very advantageous for the yeast dehydra­

tion since its drying time was short and its dηing tem­

perature was relatively low. In addition, the cell viability 

and morphology of MVD sample was sirnilar to that of 

FD sample. 
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